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Metrology originated from the ancient times and developed in the modem times. Throughout five
thousand yeas of the Chinese civilization, metrological technologies have been advanced with social pro-
duction and commercial exchanges, and have laid the foundation for the development of the Chinese scien-
ces and technologies.

The most striking characteristic of the ancient Chinese metrological technologies lies in the fact that
they were influenced profoundly by Confucian rites. It is recorded in the classics of Shang Shu that “Setting
the seasons in the calendar in line with days and months; and associating the measures and weights with
the rites”. In Li Ji, it reads, “In handling with the affairs of state, Zhou Gong had meetings with the feudal
princes in order to regulate rites and measures and weights, thus winning the subjects”. It is evident that for
more than two thousand years, the development of the measuring and weighing systems has been associ-
ated with that of rites and temperament.

Qin Shi Huang Di, the First Emperor, unified the measuring and weighing systems, and the units were
set on the basis of the rites and temperament. Sorted out and put in order in Han Shu, these were carried
out in the following dynasties, even observed by Kang Xi and Qian Long, emperors of the Qing Dynasty,
and continued till the Republic of China. Meanwhile, being bound up in the ancient systems, efforts on in-
novation and reformation on the measuring and weighing systems met with difficulties and were unable to
be adopted. For instance, Li Zhao, a scholar in the Song Dynasty, when receiving an imperial edict to pro-
duce steelyards, advocated to change the scale of 16 liang as 1 jin prevailing in the Qin and Han dynasties
to that of 10 liang as 1 jin; and set the capacity of 1 sheng of water as 1 jin. Although this was more scien-
tific, the then government did not accept it. The Chinese measuring and weighing systems, however, de-
veloped continuously and became broad and profound scientific systems. They also play an important role
in the history of science and technology in the world.

This book in Chinese and English consists of precise descriptions with pictures of the most represen-
tative objects from the historic treasuries. It is from this special facet that the collections in the book reflect
the wisdoms of the Chinese people and their contributions to the world civilization. The book is also a ma-
sterpiece with which people may exchange ideas with those in other countries who share the same interest
in the history of metrology.

Qiu Guangming, the author of this book, is a researcher on the measuring and weighing systems for
more than 30 years. She has been collecting historical data and examining actual objects, which resulted in
numerous research papers and books. There are domestic origins in her scholastic endeavors: Her grand-
father was a famous scholar (Jin Shi), government official and educator in the Qing Dynasty, and her father
was a renowned expert in literature and history. All these backgrounds contributed to her establishments
and successes in pertinent researches. I expect wholeheartedly that she will continue to make endeavors
and to contribute greatly in this undertaking.

Wang Daheng (Endorsement)
Beijing, Spring of 2005
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In ancient China, there was a long-standing history in metro-
logical technologies which encompassed time, measures and
weights. As early as in the patriarchal society, time reckoning, to-
gether with measuring and weighing systems, built up the founda-
tion of the agricultural civilization. According to the legends, in
the times of Huang Di (the ancestor of the Chinese people who had
Yao, Shun and Yu as his successors), a technology was invented
to record days and months by the Heavenly Stems and Earthly
Branches. Yao ordered Xi and He to establish a calendar in accord-
ance with the positions of the Sun, the Moon, stars and constella-
tions. While taking trips on inspections to the east, Shun presided
over meetings with the union of tribes to discuss the unification of
the four seasons, days in the months, measures and weights, and
pitches in the temperament. While regulating rivers and floods, Yu
divided the land into nine administrative regions (Jiu Zhou), and
stipulated the lengths of the parts of his body as the standards in
measuring and weighing objects. Although these are from popular
legends, they reflect the natural philosophical concepts held by the
ancestors.

In the ancient times, although personalized, the establishment
of the metrological systems and the formulation of the standards
of units had to be authoritative. In the year of 221 B.C., Qin Shi
Huang Di, the First Emperor, conquered the other states and issued
an imperial edict on the unification of the measuring and weighing
systems. A complete set of such systems was then initially estab-
lished. After further innovations and improvements in the Han
Dynasty, these systems were confirmed in written forms and then
observed as the standards in the following dynasties. Whenever a
change of dynasties took place, the original systems were re-exam-
ined to make sure that the standards of units were the same as be-
fore. An examination of the unearthed apparatus made in the suc-
cessive dynasties offers clear evidence of such successions. In the
Qing Dynasty, the measuring and weighing systems and time reck-
oning systems were set in accordance with those ancient systems
prevailing in the Qin and Han dynasties. The Gilded Bronze Jia Li-
ang and Sundial exhibited in the Forbidden City Museum serve as

Foreword

substantial evidence.

Throughout practices in production and astro-observations,
ancestors of the Chinese people created such measuring and
weighing units as Li, Mu, Chi, Cun, Sheng, Dou, Jin, and Liang;
and time reckoning units as Year (Nian), Month (Yue), Day (Ri),
Hour (Shi) and Quarter (Ke). In setting up the standards of units,
advanced scientific methods were implemented, and the produc-
tion and methods of measuring and weighing apparatus were con-
tinuously improved. These represent the material treasures and
scientific and technological civilization created by the Chinese na-
tion. They have been recorded throughout the history. The data are
quantized and comparable.

In the long history of the Chinese civilization, valuable cul-
tural and historic relics have been handed down in large quantities.
Among the materials and written data, there are numerous records
that tell us vivid and interesting stories. For example, archaeolo-
gists have had statistics that lots of balances and weights were un-
earthed from more than one hundred tombs of the Warring States.
They had been used in the State of Chu for weighing gold and cur-
rencies. This shows that the State of Chu was abound in gold; the
economy was prosperous; and commercial activities were lively.
The unearthed materials demonstrated that the then rulers and the
rich who controlled the wealth had balances and weights buried
with them, intending to maintain wealth and status in the nether-
world. Another example is the Shang Yang Tong Fang Sheng, a
bronze apparatus of capacity produced by Shang Yang, which is
kept till present with carved descriptions in details, showing that it
was made in the “Eighteenth Year (of Qin)” when Shang Yang
was assisting Qin Xiao Gong the Prince in his Reformation in 344
B.C. This demonstrated clearly that in order to unify the measuring
and weighing systems, it had to be done with the supervision of an
official of high rank—as high as Qing Xiang (equivalent to the
rank of Prime Minister). The statement of “16 cun and 5 fen (16.2
cubic cun) as 1 sheng” illustrated that the method of “determining
the capacity by measures (of lengths)” was adopted. The statement
of “Officials (Da Fu) from the State of Qi arrived in large groups”




showed that it not only recorded a significant political event, but
also indicated possible meetings at a high level to discuss and
decide on unifying the measuring and weighing systems in the
two States. In 221 B.C., Qin Shi Huang Di issued his imperial
edict on the unification of the measuring and weighing systems
and required that the edict be carved at the bottom of each appar-
atus. An apparatus, with descriptions telling the stories of the
State of Qin lasting a few hundred years, carries a significance
that is much greater than the apparatus itself. Qin Shi Huang Di
was credited for unifying the measuring and weighing systems.
Over largely spread areas of land in China, weights and
weighing apparatus made in the Qin Dynasty have been unearth-
ed in great quantities. Based on rough statistics, the areas cover
all the states unified by the State of Qin. All these revealed the
vision and determination of Qin Shi Huang Di in unifying the
measuring and weighing systems in his unified China.

The metrological technologies in ancient China were kept
in the historic records in every dynasty, which allows research-
ers to compare the historical references with real objects that can
be found, study the carved descriptions, measure the actual va-
lues, and to simulate and resume their functions, thus demon-
strating the glory of the ancient sciences and technologies. Dur-
ing the last years of the Han Dynasty, Liu Xin, a scholar of Con-
fucian classics, collected and collated the wisdom of his predec-
essors, and put forward a theory of setting the standards of the
measuring and weighing systems by the length of Huang Zhong
(a pitch pipe) and by lining up pieces of corn millet, which was
recorded in Han Shu/ Lu Li Zhi later on. This was the resonation
of the technologies of determining lengths by audio frequencies
and by lining up corn millets as the medium. Sound and capacity
are intangible, while capacity can be determined by apparatus.
However, in the ancient times, sound was unable to be kept after
being determined. It was definitely a challenge for Liu Xin to ac-
tualize the scientific assumption of determining measures and
weights with the help of Huang Zhong. After countless experi-
ments, Liu Xin suggested to take millets as the medium, namely,
to select 90 pieces of corn millet of medium size as a natural ob-
ject, and line them up to reach the length of Huang Zhong (9
cun). One chi was reached by adding on 1 cun. The volume of
the pipe was some 1,200 pieces of corn millet, which was about
the capacity of | yue. And 2 yue was equal to 1 ge (c. 16.2 cubic

fen). The sum of 1,200 pieces of corn millet had a rough weight
of 12 zhu, and 24 zhu was equal to 1 liang. Thus an array of
equations with referencing values was formed that determined
the values of the units of measures and weights. From then on,
these quantized equations were used as standards in the follow-
ing dynasties. The temperament was able to serve to determine
the measures and weights, and vice versa. Many scholars in
modern times, after examining the actual objects and making
theoretical calculations, have verified that the equations are tally
with principles in physics and the experiments can be resumed
within close tolerances.

In ancient China, there were many outstanding scientists
who paid close attention to time reckoning and the measuring
and weighing systems throughout their researches and related
activities which were inseparable from measuring “time, space,
and capacity”. In the classics of Mo Jing published in the period
of the Warring States, lever principles were studied and de-
scribed, which led to further theoretical analyses of the produc-
tion of weighing apparatus. However, there existed shortcom-
ings in the descriptions that were short of terms in applied
mathematics to depict the interactions in balancing. While an-
notating Jiu Zhang Suan Shu, Liu Hui, a mathematician in the
times of the Three Kingdoms, compared the units in “Xin Mang
Jia Liang” with those of the lengths and capacities in Wei of the
Three Kingdoms, and found out that the values of chi and hu in
Wei increased 4.7% and 2.6% respectively. Zu Chongzhi, a
mathematician of the Southern Dynasty, after countless calcula-
tions, reached the value of pi more accurately with 7 digits after
the decimal point (3.1415926~3.1415927). Further more, he
cross checked the data in “Xin Mang Jia Liang” and pointed out
that there existed careless omissions in the data presented by Liu
Xin. In the Tang Dynasty, after applications for 1,600 years,
such units as Liang, Zhu, Lei, and Shu in the weighing systems
were converted to the decimal systems, thus making 10 Qian
equal to 1 Liang. After further improvement in the Song Dyna-
sty, an array of units for smaller values in the decimal systems,
namely, “Liang, Qian, Fen, Li and Hao” was advocated. It is
worth mentioning that in the Song Dynasty, government offic-
ials joined in astrologers and arithmeticians in examining the
existing measuring and weighing apparatus. Take Liu Chenggui,
for example. During the early years of the Song Dynasty, he col-
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lated very carefully various types of apparatus used for weighing
silver in the Imperial Court and invented a delicate lever scale
called Dengzi, and produced a new set of weights for it. Li Zhao
invented Yue Cheng which was also called Water Steelyard. He
advocated a standard of taking 1 Sheng of water as 1 Jin. It took
Sima Guang and Fan Zhen some 30 years to debate on whether
“measures (were produced) after temperament” or “tempera-
ment (was produced) after measures”. In the Northern Song
Dynasty, a scientist named Shen Kuo wrote Fu Lou Yi (a kind
of clepsydra) that recorded the structures of the apparatus (Lou
Ke) and methods applied to diminish instrumental errors. In Zhu
Shi — Yu Fu Zhi, the internal structures, including the gear sys-
tems and the machinery mechanisms, of the Compass Chariot
(Zhi Nan Che, literally South-Pointing Vehicle) and the Drum
Chariot (Ji Li Gu Che, literally Mileage-Reckoning Vehicle)
were depicted in details.

Researches on the history of metrology began in the early
years of the 20th century. Such authoritative scholars as Luo
Zhenyu, Wang Guowei, Liu Fu, Ma Heng, Rong Geng, Shang
Chengzuo, Tang Lan, Zhu Dexi and so on published a good
number of pertinent works which examined Shang Yang Fang
Sheng, weights and weighing apparatus in the Qin Dynasty, Xin
Mang Jia Liang, and measures in the past dynasties. In 1937, Wu
Chengluo published The History of Chinese Measures and
Weights, which was the first monograph on the comprehensive
history of measures and weights in China. Along with the devel-
opment of the archaeological excavation since the middle of the
20th century, more and more ancient apparatus for measures and
weights were unearthed, which was followed by numerous pub-
lications of research papers written by experts on history, cul-
tural relics, archaeology, and paleography. Towards the end of
1970s, a team was built under the leadership of the National
Bureau of Metrology with a mission of conducting researches on
the history of measures and weights, which resulted in publica-
tions on research papers and books in this area. Gradually a
branch appeared in the research of the history of science and
technology and caught attention from other countries. Owing to
the fact that the Chinese language is difficult to learn and under-
stand, there have been lots of requests by foreign friends and re-
searchers to get hold of a book in English on the history of Chin-
ese measures and weights, and to provide them with some ma-

terials as references. Hence I had an idea of compiling a book
with illustrations to be entitled A Concise History of Ancient
Chinese Measures and Weights. After years of endeavors, and
with the support from the National Bureau of Quality Inspec-
tion, and from the Section of Metrology, I was able to present a
draft of such book. Thanks to Mr. Li Shengbing, Managing Di-
rector of Beijing Traditional Cultural Development Center, who
appreciated and valued the works, the publication of this book
became possible.

It is my hope that the book will draw closer atten-
tion from readers on the history of Chinese measures
and weights, and will raise greater interests from for-
eign friends in researches on the history of metrology.
I also hope that this book can serve as an instrument to
promote exchanges of perspectives and approaches in
this area. I expect to see a book on comparative metro-
logies of the world in the near future.

Qiu Guangming
Beijing 2005




A CONCISE " HISTORY OF ANCIENT CHINESE




Al

HREEMTZHEE [

ASANIHD LNJIJONV 40 AJOLSIH dSIDONOD V

— RIS BB EE S I

LRGeS ) 3 O 16
ERBRNNEENE .o ikt 18

O Ed-FE T T LT 1333253 T 69
2. B B EFARIR R B 3 oo 74
THL T RS S SI UM . o PO 74
BRI st s s 78




LA i B B R X BT 2 B B A B 96

T DR b ERE R RS ¢ 97
3 BB G — T B K M oo e snses 102
CITINIER I .. e cisiemisemsism s sssssssssios 103
(2) BB A AN P2 B BB DA B R R MBS v 105

L IR ccssninsasbsnsisiasesoniossspostsossdinsoss A B 54 112
DI . cissusssncussisssssssssiisssssssssssmssssssspommmooss b SRR s 445 118
(1) b 5K 45— B A B AR B BAR o 119

gy Ca N et R W e e 127
DRI i isssdiinsssssassssoss ooss s R b s st adas 130
SRR T MR 000 isssictssonisssssssmloiiinnsbmmps Rt ssksssiasind 133
IR i st i i Ao SRS A o35 133
VBN oiisiritsons b st PSSR 45 5460 135
A A NI o L s ses s R e b 137
SO RN i s s dhass 139

+ TSR AR R

e i o el B S R SR LT USRS TR e SR 144
PR i e e S o e I e 147
DEEEXBFRELFHRBERRBEEB ..ccvovvesiees 148
QYA IR M AT i csibiciisiiissciissssisisrivmmersmonissibimussnsssssaitisssisvisas 152

+—. STHERB T ERAR. .

e S RN R S 164
DT IR ..ot otsiesdnids i e ssss st 168
IV 0 S.E LT & ¢ gt 00— 171
4 F AT MR TER - oioiisisisuissccssisicicssssinioisssiitisnseussmrasmriniassisntsisaiusinabisacsisss 174

+ =GR EE RS E R KT

LA AN T KM BRI ot 183
2 T 5 S B ot 185
B AN IR . sincimsimsnsipiast st s 187
MR PEFREEBBRET ..o eeses 191




-I

The Primitive Concepts about Quantlty and Time

The Earliest Measurmg and Welghlng Apparatus in the Xia, Shang and Zhou Dynasties ..................

| J] Passage Three

The Calendar and the Measuring of the Time in Pre-Qin Times

1. The Formation of Calendar in the Pre-Qin TIMES ............o..vveveeereeereeeeeeee oo 16
2. The Measuring of Time in the Pre-Qin TIMES ............ovrvvuueivoeioeeeeeeeeeeee e 18
-
The Spring and Autumn Period: Prosperity and Chaos of Measuring and Weighing Systems ......... 21
1. The New Production Structure Promoting the Development of the Measuring and Weighing System .................. 24
2. The Unification Tendency for the Measuring and Weighing SYStem ....................cooooeovovveeorososooeooeeeeseeoeoeoo 26
(1) The Measuring and Weighing System in the State of Qi (FFID) .....ovvovvoovooooeeeeeeceeeeseeeseeeeeeee oo 27
(2) The Measuring and Weighing System in the State of Chu (B[] ... 30
(3) The Measuring and Weighing System in the State of Zhao GEA[H) ....

(4) The Confusions in the Measuring and Weighing SYStemS «............ovovvvceceooeeoeooooooooooooooooooo

B S

From Shang Yang Reform to Qin Shihuang Di’s Standardization of the Measuring and

Weighing Systems 41
1. Shang Yang’s Reformation and the Shang Yang Tong Fang Sheng ...................cccoovvoomvveeeroomsommooeoeeossesososoeeo 43
2. The Standardization of Measuring and Weighing SyStem ................ccoooovvecooroeoovecororrorrn. 48
3. Actual Methods Taken for the Standardization of Measures and Weights ................ccoooovvvecoeeoemmoroooeoeroososo, 50
(1) Issuing Decrees to Standardize Measures and WEights .............ooooovovvvoooooooooooooooooeoooooooooooooooooo 50
(2) Promoting the System of Measures and Weights of the Previous State of QI 55
(3) Producing Standard Measuring APParatUs .....................ooooooovooveooeeereeeeeesoeeesseesess e 56
(4) Implementing Strict Inspection and Calibrating PrOCESSeS ............ovvvovovvvvvoeooeoeeoooooooeoeoeoooeoooooooooo 60
]
Measures and Weights in the Han Dynasty ....... 63
1. The Establishment of StANAAIAS ..............covecccuummereemmnriieiinsiieiesessess oo seeeesseeessesessessssseessssssesssssesesssssseesseees 66
(1) Setting the Standards according to the Bodily MEASUIES ...........oocccooccccroereroeeeeeeeooocooeoeoeoeooooooooooo 66
(2) Using Natural ObJects as STANGATAS ............ooeeeeererreeeeeeeeereeseeeeeeseeseeeeeeeseeeeeeeeeeee oo 67

(1) Inspections of Measures (HiJ%) ........
(2) Customization of Capacity (3£4})
(3) Regularity of Weights (B ...eeeororroeeeeceeeececeeeeeeeeeeeeeeeeeeee oo

R -

Transition from the Confusions in the Wei, Jin, Southern and

Northern Dynasties to the Re-Unification in the Sui Dynasty 93
1. The Measuring and Weighing System in the Wei and Jin TIMES .............ovveooovooooooooeoeeooeoeoeoeoeooooooo 96

10



2. The Measuring and Weighing System in the Northern and Southern Dynasties ..............cccoocvvirnininniciinicieninns 97
3. The Co-existence of the Two Systems in the Sui DYNaStY .........cccccuererrrieeiiinciciniiieiecicissicsisssssseses 102
(1) The Standardization of Measures and WEABES ....c..ouveoisusssissssssssssassssssssssssssssssssssssissssssissssseisssisssssissssisssssnsss 103
(2) The Da Zhi (Large System) and the Xiao Zhi (Small System) in the Sui Dynasty and the Liang Tian Chi .... 105

| J] Passage Eight

Measures and Weights in the Tang and Song Dynasties 1M1
1. Measures and Weights in the Tang Dynasty

2. The Measuring and Weighing System in the Song Dynasty ............ccccccoviiiiiiiiiiininiie s 118
(1) The Unification of the Measuring and Weighing System in the Northern Song Dynasty ...........cccccoeevivcurcrnnenee 119
(2) Li Zhao’s (ZEHE) Yue Cheng (FrBR) ..oooervvvermiioienseiisieessssssne st 122
(3) Examination of the Weighing Units in the SONg DYNASLY ..........rrveeuuurreeerereiseeeeessseesesssseesesssesessssseeseesssae 123

L 8 PaSSMIe NI

The Development of Measuring Technologies From the Han to the Song Times ...........ccccecciiiiunne 125
1. Devices for Celestial Observation and Time-Reckoning :wssmmasmmmmaammsmmmssmsmsimimmsmms 127
2: TheImprovement of Time:Reckoning DeVICes cmsmmsssmmmsssursmsinmsnsssssesssssssosmiroamis s o i 130
3. "The;Compass Chariot-and the Drum CRArIOR ...comssusssrevsmsorsssssim sy ovssssses s i mm i mms 133
(1) The Compass Chariot (Zhi Nan Che FEHTZE) ....vvvervvierieonerieesisssissscsessss s seeseescen 133
(2) The Drum Chariot (Ji Li Gu Che JEHLBEEAL) wvvvovveeeeeeeeeeeeeeee e se s 135
4. The Measurement of HUMIAILY .........cccooiiiiiiiiiiiiiciccc s 137
5. The Observation of Wind Directions and the Determination of Wind Speed ...........cccccoocvviviniiininniicinis 139
1
Measures and Weights in the Yuan, Ming and Qing Dynasties 143
1. The Measuring and Weighing System in the Yuan Dynasty ...........ccccocovviiinnnncinsesins 144
2. The Measuring and Weighing System in the Ming and Qing Dynasti€s ............cccceuciiininiiiiiinisiiciisisisisiccisnis 147

(1) The Relationship between the Capitalist Commodity and the Measuring and Weighing
System in the Ming DYNASELY ........ccciiiiiiiiic s 148
w: 152

(2) The Improvement on Standards in the Qing Dynasty ...

@ | J] Passage Eleven

‘@ | ]I Passage Twelve

Measuring Technologies in the Yuan, Ming and Qing Dynasties 163
1. The Gao Biao (% Sundial) invented by Guo Shoujing (ZBSFE) ..vvovveevvrrrerieeeseee e 164
2. Time-Reckoning Instruments in the Yuan and Ming Dynasties

3. Gravity Measuring and Its Application in the Standard Setting of Measures and Weights ............cccccccoocicnnnnnce 171
4. Measuring Technologies in the Ming and Qing Dynasties .............cccccocovvviiriiininiininccccens . 174

Innovations on the Measuring and Weighing System

And the Implementation of the Metric System 181
1. The Relinquishment of Sovereignty in Custom And the Emergence of Measuring and Weighing System
Applied in Custom INSPECHION ..........cuiuiiiiiiini i 183
2. The Period When the Ying Zao Ku Ping System (% i I 4 *F-#l]) Co-existed with the Metric System................. 185
3. The Establishment of the Domestic System and the Implementation of the Metric System ..............ccccccevvviennnc 187



£l

R ARV R S 2

MEASURES AND WEIGHTS

— . B UR B B BRI )R

A Y

The Primitive Concepts about Quantity and Time




