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National Time Service Center, Chinese Academy of Sciences was honored to undertake the preparatory
work for the 13th Conference of the United Nations International Committee on Global Navigation
Satellite Systems (ICG-13) which was held in Xi'an in November 2018. In order to showcase the Chinese
culture, promote the spirit of the Silk Road and add highlight to the conference, the preparatory team had
planned "Ancient Chinese Navigation Technology Exhibition™. In order to better organize this exhibition,
the preparatory team consulted a large number of documents and multiple historians of science and
technology. After many discussions, the exhibition plan was finalized with four sections: "Time Service
section — time comes heavenly, served sincerely” "Navigation section — lodestone governing south, star-
guided ocean crossing” "Geodesy section — grid mapping, land surveying” "Exchange section — one belt
one road, people to people bond” respectively.

The representatives of the participating countries applauded "Ancient Chinese Navigation Technology
Exhibition” with Luc ST-Pierre, chief of Space Applications section at the United Nations Office for Outer
Space Affairs (UNOOSA) praising it highly as "It's an amazing exhibition... Look at this exhibition on
the series of navigation in China, it is fantastic. It was China's geography, so | enjoyed it tremendously.
But it does show what navigation over the last millennium has done for economy. There will be no safe
navigation now without that. There will be no international markets existing without that.” At the invitation
of United Nations Office for Outer Space Affairs (UNOOSA), "Ancient Chinese Navigation Exhibition—
from Compass to BeiDou" was held at the United Nations Office at Vienna during the 62nd session of
United Nations Committee on the Peaceful Uses of Outer Space (COPUQS) in June 2019, which received
special coverages in People's Daily and Xinhua News Agency and great acclaim from the participants,
with Simonetta Di Pippo, director of the UNOOSA using three "great” to describe it — "a great exhibition,
a great idea, a great history!".

This book was compiled based on the main contents of the two exhibitions with some extensions. Many
professionals had participated in writing the manuscripts, mainly including: Dou Zhong, Chen Lin, Liu
Yongxin, Li Huizhe, Song Jing, Xu Lingling, Wang Pei, Cai Hongbing, Ma Liping, etc.; English translation
was mainly completed by Chen Lin; proofreading was mainly done by Dou Zhong, Chen Lin, Liu Yongxin,
etc. We would like to thank Liu Ciyuan, Qi Guanrong, Guo Ji, Lu Dalong, Niu Weixing, Zhang Jian, Li
Xiaohui and so on for their valuable advice and Pan Liande, Song Weilin, Lu Xiaochun, Dong Shaowu, etc.
for their important guidance.

We hope to show readers that the Chinese have made brilliant achievements in timing, navigation and
geodesy over the past five thousand years. In addition, they have also made important contributions to
the integration and communication between the eastern and the western civilizations via the Silk Roads
on land and sea opened up by navigation technology. Technologies in this book such as serving the time
by observing celestial phenomena, telling directions by observing stars, governing south by lodestone,
constructing the capital with craftsmanship, squared map with grid system and scale, crossing the ocean
by Chinese latitude hook played an immeasurable role in guiding ancient Chinese people to produce, live
and explore the unknown world, and also left us a precious cultural heritage of science and technology.
We sincerely appreciate the support from the 2019 Science Popularization Publication Programme of
Chinese Academy of Sciences in the publication of this book. Deep appreciation to Li Yifan from Xi‘an

Shangshu Media for the illustrations.

August 2020, Xi‘an
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The industrious and intelligent Chinese people have created a splendid Chinese civilization. Over the
past five thousand years, the Chinese have made brilliant achievements in timing, surveying, mapping and
navigation technology. "Those who travel to Lake Yunmeng must rely on a compass to get the direction.
Those who are lost at a vast sea must resort to stars to return.” Technologies such as serving the time
by observing celestial phenomena, telling directions by observing stars, governing south by lodestone,
constructing the capital with craftsmanship, squared map with grid system and scale, crossing the ocean
by Chinese latitude hook played an immeasurable role in guiding ancient Chinese people to produce, live
and explore the unknown world. At the same time, with navigation technology as a link, the Silk Roads
on land and sea between China and the rest of the world have never been interrupted. These Silk Road
exchanges, like Zhang Qian’s mission and exploration to central Asia, Monk Xuan Zang's journey to the
west, Monk Jian Zhen's travel to Japan, Marco Polo’s travel to China, Zheng He's expeditionary voyages
and so on greatly promoted the integration and communication between the eastern and the western

civilizations, as well as the progress and development of human society.
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"The concept of the universe refers not only to the vast space from heaven to
earth, but also to the time from the past to the present”. Therefore, time and space
are inseparable and constitute the universe on which human beings live. Book of
Documents. Canon of Yao recorded that "Xi and He were ordered to respect for heaven
and observe the sun, the moon and stars to serve people the time". In ancient China,
the importance of time was recognized very early. Time determination, timekeeping
and time broadcasting techniques had been gradually mastered. The first two had
been gradually developed from gnomon to incense clock to clepsydra up to the water-
driven astronomical clock-tower. At the same time, the third one was conducted by the
method of "sounding the night watches” "morning bell and evening drum™ and so on.
In addition, "raising the pole to test the solar terms”, "measuring the sun shadow to
know the direction”, "observing the sun, the moon and five planets” and "making the
calendar” were used to guide agricultural production, standardize social governance,
and facilitate people’s life.

BRI
TIME SERVICE SECTION
WA RK BIRAN

TIME COMES HEAVENLY
SERVED SINCERELY

2

F>EF HADESF

ATTIHONIS AIAYIS /

ANINHAVHH SHANOD HALL

/




AR Al

NAVIGATION STARS AND SINAN
rhE RS IR
ANCIENT CHINESE
NAVIGATION TECHNOLOGY

TR G EY P BB REmy R
I Ry 3L

Part of the ink rubbing of Book of Documents.
Canon of Yao inscribed on Kaicheng Stone Classics

of the Tang Dynasty

G TR AE T BRI, L
K B-REY BB TTH R, HEZEX,
B%8 A2k, AR,

004

o FRAEREE, *A
4
el | AR ERERPZEIL
ﬁ . Picture of Emperor Yao order-
ing the officials to serve the time,
SN

a copy from the Qing Imperial
Edition of the Illustrated Book of

] Documents

Ay

L)

\\

\

\

Picture of ordering the officials to serve the time



«««a LI
TIME SERVICE SECTION
PHERR IR
TIME COMES HEAVENLY
SERVED SINCERELY

«««a

at noon varies from day to day through the year. It is the shortest in the Summer Solstice and the
longest in the Winter Solstice, so the two solstices can be deduced. According to the length of

the shadow at noon, the solar terms can also be deduced. The length of the tropical year can be

= kX [T] B2
lL:l=JLu'R/ derived from the periodic change of the shadow length at noon. This is the method of "raising a
Raise a Pole to Cast a Shadow pole to cast a shadow".
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As recorded in Book of Documents. Canon of Yao, the gnomon appeared in the period of
Emperor Yao as early as the 22nd century B.C. A pole was erected on the ground. The solar terms
and length of the year could be determined by observing the change of the shadow length of this
pole. Book of Documents. Canon of Yao stated that "A year has three hundred and sixty-six days,
which is constructed by the intercalary month and the four seasons”. This was the earliest explicit
record on the length of the tropical year in ancient China, which was perhaps a result of rough
measurement with the gnomon (quotation from Chen Meidong's A New Exploration of Ancient

Calendars) . "Arithmetical Classic of the Gnomon and the Circular Paths of Heaven" ("Zhoubi

Suanjing") written around the 1st century B.C. recorded that “"Zhoubi stands 8 chi high and its At syt Pt it nien I
shadow at noon in the Summer Solstice is 1 chi and 6 cun long. The word ‘bi’, in other words, Tmers
means gnomon. The shadow is measured by the ruler placed on the ground in the direction of / ' : - ,/T-"/Hllw'" i)&_
due north and south.” It can be seen that "Zhoubi Suanjing” adopted the method of measuring the 7 ’ ' ( U
shadow with the gnomon. From Rites of Zhou. Artificers’ Record, it can be known that people in N N e bl
the Pre-Qin Period had learned to calibrate the verticality of the gnomon by hanging a plumb line é -
and calibrate the horizontality of the ruler by using a level. //&/j} \ ‘

The shadow for the gnomon cast by the sun is not only the shortest at noon every day, but also \ R

on the ruler extending to the north, so the solar noon can be determined. The length of the shadow
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Taosi Ancient Observatory
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Taosi Site is an important site of Longshan Culture in Central Plains of China in the Late
Neolithic Age. Located in the south of Taosi Village, Xiangfen County, Shanxi Province, it was about
4,100 years ago. It is about 2,000 meters long from east to west and 1,500 meters wide from north
to south, with a total area of 3 million square meters. In 2003, Chinese archaeologists discovered
that in the southern part of the site, there is a three-layer rammed earth structure, with a shape
of a semicircular platform about 50 meters in diameter. In the middle of the platform, there is a
rammed earth observatory with a diameter of 0.86 meters. Centered on the observatory, there
are 13 pits in a fan-shaped radiation from west to east. There may be 13 rammed earth columns,
and the ancient people used the gap between the two columns to observe the sunrise from Ta'er
Mountain in the east direction. When watching the sunrise in the east through the second gap
from the south with the observatory as the center, it is the winter solstice. While it is the summer
solstice when watching the sunrise through the twelfth gap and they are other solar terms when
watching the sunrise through other nine gaps in the middle through analogue field observation. It
can be speculated Taosi Site was probably an ancient observatory during the reign of Emperor Yao
to decide on the solar terms and arrange farming by observing the direction of sunrise. Confirmed

by analogue field observation, the accuracy of the solar terms is very high.
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Water clocks or clepsydras are the most important timing instruments in ancient China. This
kind of clocks is rich in history. The Classics on Clepsydra of the Liang Dynasty recorded that
"The clepsydra was originated during the reign of Emperor Huang and popularized in the Xia and
Shang Dynasties.” Most of the early ones are outflow water clocks. When water flows out of the
water clock hole, the sinking arrow in the water clock will fall down with the water surface and the
markings on the sinking arrow indicate the passage of time. The floating arrow in the inflow vessel
of an inflow water clock indicates time with the rise of water surface. In order to get the constant
flow, the multiple reservoirs can be placed. It was not until Yan Su invented the lotus clepsydra
in the Northern Song Dynasty adopting the flooding system for the first time that the water clock
with only two vessels was able to ensure the even increase of the water in the inflow vessel. The
earliest water clocks unearthed are from the Western Han Dynasty. Here are "Qianzhang copper
water clock™ and "Xingping copper water clock” of the Western Han Dynasty, which are unearthed
in Inner Mongolia and Xingping County (today's Xingping City), Shaanxi Province respectively. Both

of them belong to the outflow type (sinking arrow) water clock.
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Qianzhang copper water clock

(now housed in Inner Mongolia Museum)
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A sundial is an ancient astronomical instrument for measuring the length of the sun shadow.
It consists of an upright gnomon and a ruler placed horizontally in the north-south direction. It is
used to observe the shadow length for the gnomon cast by the sun in order to determine the noon
and solar terms.

In 1965, a small folding copper sundial was unearthed from a wooden coffin tomb of the middle
Eastern Han Dynasty in Yizheng, Jiangsu Province. The sundial is only eight cun (Generally they
are eight chi tall. Cun and Chi are Han Dynasty's units of length. 10 cun=1 chi) tall, that is, 19.2 cm
tall with 2.2 cm in width and 1.3 cm in thickness. There is an axle at the bottom of the gnomon to
join the ruler below, just like a hinge, so it can be close and open. The ruler is one chi and five cun
long, that is, 34.39 cm long with 2.8 cm in width and 1.4 cm in thickness. When not in use, it can be
folded into a long flat ruler-shaped box so that it can be carried on. The graduations are marked on
the ruler. There are 15 markings in cun. Smaller than cun, there is fen (10 fen=1 cun) marked with
dot. The graduated markings are slightly uneven with traces of modification. It is 11.49 cm long
from zero to 5 cun and 23.33 cm long from zero to 10 cun with a total of 34.39 cm in length ending

in 15 cun. Yizheng Eastern Han Sundial is now preserved in Nanjing Museum.

«ee«a LI
TIME SERVICE SECTION
[ S C-IN
TIME COMES HEAVENLY
SERVED SINCERELY

«««a

28 mx% | |

L]
22 B A PR VETY ¥ S —

17

1.3@a}<H

19.2 & %

ATk

017

{AEZR I
Yizheng

Eastern Han
Sundial

Jb

R A B 4

BMTEHENREETHA A ELAMLER

The configuration of the Eastern Han sundial in Nanjing Museum

shl — BH & A w AR

000



9 7Rl [ ))5)
v
8 NAVIGATION STARS AND SINAN
HE A HIER
ANCIENT CHINESE
NAVIGATION TECHNOLOGY
BAEAR LER LR ELHA
The copper sundial unearthed from the Eastern Han tomb in Yizheng
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Li Lan Steelyard Clepsydra
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A steelyard clepsydra is a type of water clock which is completely different from other forms
of water clock in terms of the principle. It is a timepiece by which time is measured by the flow of
water into a bucket, and where the amount is then weighed by a Chinese steelyard scale. It was
invented by Li Lan, a Taoist of the northern Wei Dynasty around 450 A.D., so it is also called Li Lan
steelyard clepsydra. Water is siphoned through a thin tube (formerly known as "kewu") from one
bigger reservoir bucket to the other inflow bucket which is suspended via a hook, and the weight of
the inflow bucket can be indicated by the scale. A Primer for Beginners. Volume 25 compiled by Xu
Jian et al. recorded the usage of Li Lan steelyard clepsydra, "The kewu is made of brass and bent
like a hook to lead water from the reservoir bucket to the inflow bucket. When water in the inflow
bucket reaches one sheng (Chinese unit of volume), the weight is one catty and the time interval
is a quarter.” Tests have shown that the steelyard clepsydra has the daily error of no more than 1
minute, more accurate than other clepsydras. For this reason, steelyard clepsydras were the main
official timing devices after the Sui Dynasty and had been used into the Northern Song Dynasty
when Yan Su lotus clepsydra was formally adopted.

British scholar Dr. Joseph Needham first pointed out its importance. From the perspective of
design, the difference between the steelyard clepsydra and the traditional water clock is that the
latter measures time by constant volume flowed per unit of time, while the former measures time
by constant mass flowed per unit of time.
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Xi'an Small Wild Goose Pagoda Sundial
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Unearthed in Xi'an Xincheng Square in July 1976, Xi'an Small Wild Goose Pagoda Sundial is 33 cm
in diameter and 4.5 cm in thickness. There is a long knuckle with a diameter of 1.5 cm at the
bottom of the dial, through which a pin can be inserted in laterally to join the base, thus allowing
the dial to rotate a limited angle. It can be inferred that this is a quasi-equatorial sundial whose
dial plate can be moved in altitude (Ancient Astronomical Relics in the Central Shaanxi Plain by
Liu Ciyuan, Zhang Minggia). During the half-year period from the vernal equinox to the autumnal
equinox, keep the dial plate parallel to the equator, while during another half-year period from
the autumnal equinox to the next vernal equinox, gradually rotate the dial plate by the appropriate
angle with the seasons, so the sun shadow can be cast from above. The biggest difference between
the Small Wild Goose Pagoda Sundial and other sundials is that its dial plate and base are coupled
together by an axle so that the dial plate can be rotated so as to allow the sun to shine on the front
in winter too and to match the local latitude. The sundial is housed in Xi'an Wild Goose Pagoda
Museum (present-day Xi‘an Museum), hence the name. Based on its style and characters, it was
made in the Sui Dynasty (581 A.D.-618 A.D.) or the early Tang Dynasty (618 A.D.-907 A.D.).
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Small Wide Goose Pagoda,
Xi‘an, Shaanxi
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The image of the restored Xi‘an

Small Wild Goose Pagoda Sundial

(Only the dial plate remains. The

base plate, gnomon and support bar
are imaginary.)
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The dial plate of Small Wild Goose Pagoda sundial (upper left), the reverse side (upper
right), the side view (bottom left), the image of the restored structure (bottom right)
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Schematic diagram of an equatorial sundial indicating time
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Horizontal Sundial with the New Mechanism (top) and the dial plate (bottom), currently
in the Palace Museum
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An equatorial sundial on the raised platform of the Hall
of Supreme Harmony in the Forbidden City, Beijing
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A gilded bronze horizontal-equatorial sundial made in England
in the 18th century, currently in the Palace Museum
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Dragon Boat Incense Timing
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Anincense clock which emerged no later than the Northern Song Dynasty (960 A.D.-1127A.D.), is a
timekeeping device that uses the burning incense to measure time (A Study of the Folk Timepiece
“Incense Clock" by Wang Lixing). The picture below shows "Dragon Boat Incense Timing". One or
more lighted incenses are placed on a container shaped like a dragon boat. Several threads with
metal beads on both ends are placed across the incenses. At regular intervals, the incense will
burn one of these threads, making the metal beads drop onto the brass tray below, giving off a
sound and reporting time. Despite its relatively poor timing accuracy, it is still an easy-to-use folk
timepiece, and thus it was very popular for a time.
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Dragon Boat Incense Timing
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Water-driven Astronomical Clock-tower
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Illustration of the Water-driven Astronomical Clock-tower in Essentials of
a New Method for Mechanizing the Rotation of an Armillary Sphere and
Celestial Sphere written by Su Song
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The water-driven astronomical clock-tower is a hydraulic-powered large astronomical
instrument that integrates timekeeping, time broadcasting, astronomical demonstration and
observation. The design and construction by Su Song and Han Gonglian started in the first year
of the Yuanyou period (1086 A.D.) of Emperor Zhezong of Song and were completed six years
later. Divided into three levels, it is about 12 meters high and 7 meters wide with very delicate
structures. The bottom level is the power and timing system. A man raises water to the top
"celestial flume" tank by rotating the waterwheel, from where the water flows to the two-level
clepsydra. The two-level clepsydra employs flooding system to ensure the constant water level
of the constant-level tank, thereby the evenness of the water jet can be achieved. A siphon leads
the water from the constant-level tank to one of the 36 scoops mounted on the driving wheel
which moves forward in turn under the effect of gravity. This is the power system of the entire
instrument. The timing system is a five-storey wooden pavilion which announces or displays the
dusk, dawn, and midnight, etc. with four musical instruments, namely ring, drum, bell and gong
played by wooden minions. A celestial sphere is placed on the middle level. By the performance
of the linkwork called "eight superimposed wheels”, it is rotating following the diurnal motion of
the celestial bodies to demonstrate the celestial phenomena in real time. The top level is equipped
with an armillary sphere which is actually a telescope but with no lens. Whenever the linkwork
devices of "eight superimposed wheels" and "celestial pillar” moves, it rotates the armillary
sphere in real time, keeping pace with the movement of the celestial body. The armillary sphere
is placed in a chamber with a removable roof which is advantageous for observing the sky as well

as preventing rain and wind.
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The mechanical power transmitting device of the water-driven astronomical clock-tower
consists of a set of lever components such as “celestial stopping device™, "celestial counterweight”
and “celestial lock™ which can turn the continuous and stable motion of water flow into the uniform
intermittent mechanical motion, similar to the anchor escapement of modern clocks. Earlier
than Europe by six centuries, it is believed by British historian of science Joseph Needham that
"The water-driven astronomical clock-tower may be the originator of the European medieval
astronomical clock.”

The astronomical clock-tower was seriously damaged in 1127 A.D. when the invading Jurchen
army of Jin captured Bianliang (now Kaifeng), the capital city of the Northern Song Dynasty. After
the components of the clock-tower were carted back to the central capital (now Beijing) of Jin, they
were unable to piece it back together. The Southern Song Dynasty tried to restore this elaborate
masterpiece according to Su Song's treatise "Xinyi Xiangfayao" (lit. Essentials of a New Method for
Mechanizing the Rotation of an Armillary Sphere and Celestial Sphere), but they never succeeded.
Since then, the astronomical clock-tower can only be seen in the historical records, witnessing a
peak of ancient Chinese astronomical instruments and machinery manufacturing.

The three innovative contributions of the water-driven astronomical clock-tower are: The first
is the design of the system of "celestial counterweight™ "celestial stopping device™ and "celestial
lock™ which moves with the scoops, similar to the modern clock escapement. The second is the
establishment of the astronomical tracking system—"celestial pillar" and "eight superimposed
wheels"— to operate the rotation of the armillary sphere and celestial sphere, similar to modern
clock drive of an equatorial mounted telescope. The third is the removable roof which is the
prototype of the dome of modern astronomical observatories.
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Illustration of a wooden pavilion in Essentials of a New Method for Mechanizing the Rotation
of an Armillary Sphere and Celestial Sphere written by Su Song

LB ik By sREBEM LSO ERBTTHE, FEaA—HB, s
M MBI RE, KENLS QRN FEHA KR %K. R
AGHA KA, XFHARL: “BFERALE, AR F—F, HoK

ANEBEY, DNEFPEHFH, WiEALFosr,;, % &, KB AR & IE; E R A5 s B ) AR A 105 A 4545 09 KB AL R S AR R
FZF, RABR T T EZ,; FWE, RAEE4E;, FELE, 2H K 1:5 scale model of Water-driven Astronomical Clock-tower in Time Science Museum of National

Time Service Center

AR Ao

00000000 00000000



AR Al 327735
NAVIGATION STARS AND SINAN
I RS ATBAR

ANCIENT CHINESE
NAVIGATION TECHNOLOGY G

«««a

wd

==

L—7

/l_)r
;Z
ARV

036

KB R E

|

Yy /& s

Clock-tower

Ll

L

N \J‘\\\j

@ #AL Armillary sphere T % Steering wheel

@ /K3 Water level ® #E % Pivot wheel

® =& Ruler X # Celestial reservoir

@ # = Legendary turtle cloud @ F /K% Constant-level tank

® &4 Dragon column @ B R AL Eight superimposed wheels
® X A= Celestial pillar (Lit. Day and night wheel)

@ X 4% Celestial lock ® i % H4E Terrestial cabinet
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Structure of Water-driven Astronomical Clock-tower
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Structure of the parts of Water-driven Astronomical Clock-tower
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Dengfeng Observatory
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Dengfeng Observatory, located in Gaocheng town, 15 kilometers southeast of Dengfeng County, Henan
Province, was built by Guo Shoujing in the Yuan Dynasty. "A pole with eight chi in height and a ruler with
one zhang and three chi or more in length™ had been the main style of ancient Chinese gnomons since the
Zhou Dynasty. Used like an enlarged gnomon whose pole is forty chi high and ruler is one hundred and
twenty-eight chi long, Dengfeng Observatory was completed around 1279 A.D. Its tower-like structure
which is nearly 10 meters high is equivalent to an upright pole, while the 31-meter-long causeway-
like stone lying due north is equivalent to a measuring ruler for the sun shadow. There are two cabins
connected by a beam on the tower. A water clock for timing is inside one of them and an armillary sphere
or abridged armilla for observing is in the other. At noon every day, the sun casts the shadow of the middle
beam on the measuring ruler and the length of the shadow at noon can be measured. The noon shadow
on the winter solstice is the longest, while that on the summer solstice is the shortest. From one winter
(summer) solstice to the next winter (summer) solstice, it is the length of a tropical year. In ancient China,
this method was used to determine the length of a year and the time of the "summer/winter solstice,
spring/autumn equinox”, which laid the foundation for the formulation of the calendar. Guo Shoujing also
invented the "shadow device” that can be moved on the measuring ruler. It used the principle of pinhole
imaging to improve the accuracy of the shadow length measurement greatly. The Season-granting
Calendar (Shou Shi Calendar) made by Guo Shoujing had become one of the most precise calendars in

the Chinese history because of the observational data from the observatory.
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Present-day appearance of Dengfeng Observatory
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Yanyou Clepsydra
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A clepsydra was used as a main timing tool in ancient China where a single-tank water clock
was used at the beginning and a compound water clock made of multiple tanks was used later to
improve the accuracy of timing. "Yanyou Clepsydra” made in the third year of the Yanyou period of
the Yuan Dynasty (1316 A.D.) is a compound clepsydra with four tanks: sun tank, moon tank, star
tank and water-receiving tank placed in order from top to bottom, to which the water drips in turn
accordingly. There is a copper ruler in the middle of the lid of the water-receiving tank with hour
markings on it. Awooden rod in front of the ruler is borne on a float below. The water in the water-
receiving tank will increase evenly over time, and the wooden rod borne on the float is thus lifted
evenly. By comparing the wooden rod with the hour markings on the copper ruler, the passage of
time can be indicated. Its style is shown in the upper illustration on the following page.

Because of the adoption of a phase-by-phase water-level compensation method, the constant
water level in the star tank of the compound clepsydra keeps the flow rate into the water-receiving
tank uniform, so that the rod is evenly borne up by the float and the accuracy of timing is greatly
improved.

In the Tang Dynasty, Lv Cai (approximately 600 A.D.-665 A.D.) made a compound clepsydra with
four tanks.

EHERTER

Schematic diagram of Yanyou Clepsydra
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Lv Cai's compound clepsydra in the Tang Dynasty
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Xi'an Bell and Drum Towers
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Ancient Chinese people used to serve the time in cities by ringing bells and beating drums. Bell and drum
towers were generally set up in the center of the large cities, while watchtowers equipped with timing devices
like sundial and clepsydra were often set up in prefectures and counties. The bell and drum towers in the city
center were almost the tallest buildings in ancient times, from where the sound of clear bell and vigorous
drum was loud enough to travel to every corner of the city. Many cities in China still preserve ancient bell and
drum towers, which have become historical relics that witness the development of time service.

According to the historical records, the ancient Chang'an city (now Xi‘an) had a long history of "heralding
the daybreak by using bells and drums”. During the Han and Wei Dynasties, time was served by morning drum
and evening bell, while during the Tang Dynasty, time was served by morning bell and evening drum. During
the Yuan, Ming and Qing Dynasties, the bell and drum time service system had still been maintained. The
existing bell tower in Xi'an was built in the seventeenth year of the Hongwu Period (1384) of the Ming Dynasty
with a height of 36 meters and the drum tower located in the northwest of the bell tower was built in the

thirteenth year of the Hongwu Period (1380) of the Ming Dynasty with a height of 33 meters.

0 2 Bk Ae b AR

Xi‘an Drum Tower and Bell Tower
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Wang Zheng Wheel Clock

AR “ReEh” , BHRBERER (1571—1644) RKFH77H B IS fh
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Wang Zheng (1571 A.D.-1644 A.D.), a scientist of the late Ming Dynasty invented a mechanical
timer called "wheel clock” that combined the western striking clock with the traditional Chinese
timekeeping system. The principle is to set up a mechanical system formed by a set of four
mounting gears on a frame of two upright iron rods so that the cards of the 12 two-hour periods
can be displayed by the push of the wooden men and the time can be broadcast by the strike of
the bell or gong with the rotation of the gear train driven by the heavy bob. Wang Zheng drew a
schematic diagram of the wheel clock in /llustrated Book of Instruments. It is a wooden cabinet
in shape with two layers inside. The upper layer indicates and broadcasts the time and the lower
layer is equipped with a powertrain, in which "heavenly balance” is actually a verge and foliot
escapement where "the magic of the wheel clock lies”.
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The ancient Chinese navigation technology has undergone a long process of exploration. In summary, it is mainly by the
methods of geomagnetic navigation and astronavigation, as well as the comprehensive application of these two methods
with landmark navigation. Outer Chapters of the Works of Master Bao Pu.Reclusion by Ge Hong in the Western Jin Dynasty

recorded that "Those who travel to Lake Yunmeng must rely on a compass to get the direction. Those who travel to a vast sea

Dt 3

must resort to Polaris to return.” Pingzhou Table Talk written by Zhu Yu in the Northern Song Dynasty recorded "The seamen

know geography, who will observe the star when it is dark, observe the sun when it is bright and watch the compass when it

(=

is overcast.” Both of these two books refer to these two kinds of methods.

<4
&

During the Warring States Period of the third century B.C., the Chinese discovered the polarity of the lodestone and made

it into a south-pointing tool — Sinan. After continuous improvement, more sensitive and accurate guiding tools, such as

/

south-pointing fish, south-pointing turtle and south-pointing needle suspended by silk were made. During the Northern
Song Dynasty, the Chinese discovered the magnetic declination and began to use the south-pointing needle for navigation
and orientation. Besides, there came the compass with the azimuth bearing. In the Yuan Dynasty, the compass was further
used to determine the sea route, called the needle path.

As far as astronavigation is concerned, as early as the Qin and Han Dynasties more than 2,000 years ago, the Chinese
people identified the direction by watching stars and the sun. Various instruments for observing stars had been invented and
various star maps had been drawn. In the Tang Dynasty, navigation and orietation were by means of the combination of star
observation, south-pointing needle and the compass. During the Song, Yuan, Ming and Qing Dynasties, astronavigational
technology had been developed greatly. The altitude of a star and heading could be determined by star observation, also
known as “star-guided ocean crossing technique”.

Inthe early Ming Dynasty, the navigator Zheng He led a large fleet to voyage to the western ocean many times, during when

DNISSOYD NVHDO AAdIND-AVLS
HLNOS ONINYTAOD HNOLSHAOT

his fleet used a needle path map alongside the compass and the star-guided ocean-crossing technique of astronavigation.
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be wrong to restore the base plate of sinan by using Han-style copper divining base plate.” "The
base plate front is designed with eight heavenly stems, twelve earthly branches and four diagonal

directions, totaling twenty-four cardinal directions spaced evenly.” It can be seen that the sinan

restored by Mr. Wang Zhenduo is made from a whole piece of lodestone along the magnetic field

. into the shape of the Han-style ladle by scouring and polishing. The handle points to the south and
. " o the gravity of the whole ladle falls just into the center of the bowl. The base plate where the ladle is
g AL RBER 1953 4 ZAT 89 ¢ A7 3] v 69 ¥R % A A o, . A
) ] ) ) placed is coppery, smooth, square outside and round inside with “stem-branch” and four diagonal
Restored sinan model A stamp of sinan issued in 1953

directions making up twenty-four cardinal directions around it.

5]

South-pointing Ladle (Sinan)

alF R IEF E A, BAAFESREREHZ — REHIT 2 000 2
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Mgt —+PE, REPAPY, 7 AW, ERESEASEKNEEZEHRR
RIRMA G r AR, Z0d BEBCHT BB IS I AT, AIWider, FHERAD
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The south-pointing ladle (sinan), the ancestor of compasses, is one of the Four Great Inventions
in ancient China. It first appeared in the Warring States Period more than 2,000 years ago. Han Fei
Zi. Rule the Country by Law recorded "The late king set up a sinan to determine the direction.” In
the early first century A.D., Discourses Weighed in the Balance. Auguries Verified by Wang Chong
in the Eastern Han Dynasty recorded "A south-pointing ladle is placed on the ground. When it
stops rotating, the handle points to the south.”

In the 1940s, famous Chinese historian of science Wang Zhenduo gave sinan a textual analysis,

test and restoration. He pointed out in Sinan, South-pointing Ladle and Compass—The Discovery WWWWWWWWM
and Invention of Magnetostatics in Ancient China (Part 1) that "Sinan is carved from a lodestone.
It is the most straightforward to take a lodestone first, then align it with the magnetic field, next IHRBRELH G b HELR

carve the south-pointing part into the handle, and the north-pointing part into the bowl.” "It won't Inneige @ it siimem am i e (i i by W drems e
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South-pointing Needle

ZENHBEALER (210—256) i (B RMEER -BHE/)
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LRV (1031—1095) f9 (BFEREWR) LB 7T A LHEWITE, B %5
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WNNE, BUMH, FAMNTERE" DU fara B B2 F7T i,

Guan's Geographic Enlightenment. the Eighth Paraphrase which was written by the astrologist
Guan Lu (210 A.D.-256 A.D.) in the State of Wei of the Three Kingdoms Period pointed out the use
of the south-pointing needle in Fengshui (or Geomancy in English).

The Dream Pool Essays by Shen Kuo (1031 A.D.-1095 A.D.) in the Northern Song Dynasty
recorded the method of artificial magnetization "When geomancers rub the needlepoint with a
lodestone, it is able to point to the south”. The magnet magnetized artificially is a great progress.
The "dry needle” and "water needle” were made accordingly, making the mass application of
south-pointing needles possible. In 1119, Pingzhou Table Talk written by Zhu Yu in the Northern
Song Dynasty recorded during the Xuanhe Period of the Northern Song Dynasty, "The seamen
know geography, who will observe the stars when it is dark, observe the sun when it is bright and
watch the south-pointing needle when it is overcast.” Besides, various methods concerning the
use of the south-pointing needle were also recorded in this book.
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Illustration of lodestones in Classified Materia Medica of the Northern Song Dynasty
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A compass in an oval ivory case of the Qing Dynasty
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A wearable compass in shape of blue silver cicada of the
Qing Dynasty
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B 77(/—‘—1 2 (ET ﬂ.‘#] > ‘:P @ “»‘1‘\4] é& 59?\)%1_» g A compass in a gilded copper case of the Qing Dynasty

Illustration of "Art of Needle-making” in Encyclopedia of Technology (Tiangong Kaiwu) by Song Yingxing of the
Ming Dynasty
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South-pointing Fish
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A south-pointing fish was mentioned in the military work named Military Classics which was
written by Zeng Gongliang and Ding Du in the Northern Song Dynasty in 1044 A.D. "First cut a thin
iron sheet into a two-cun-long and five-fen-wide piece with its head and tail sharp as a shape of
fish, then cast it in a charcoal fire until it turns red all over, next pull it out of the fire and place
it in the direction of the meridian with the tail facing to the north, after that dip it into water with
the tail tilting slightly downward. When in use, place a water bowl flat in a calm place with the
fish floating on the water surface. Its head always points to the south.” This is another method of
artificial magnetization.

The south-pointing fish is more convenient, sensitive and accurate than sinan. It need not a
smooth copper plate but a bowl of water. Regardless of whether the bowl is flat or not, the water
surface is always flat. Since the liquid friction is smaller than the solid friction, the south-pointing

fish is more flexible to turn.
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Image of a south-pointing fish drawn by Wang Zhenduo based on Military Classics
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Hanging Needle (Silk-suspended Needle)
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The Dream Pool Essays written by Shen Kuo in the Northern Song Dynasty recorded that "A
magnetic needle may be made to float on the surface of water, but it is rather unsteady. It may be
made to place on a nail or the edge of a bowl, but it turns too fast and is slippery and easy to fall.
It is best to suspend it by a single cocoon fiber of new silk attached to the center of the needle by
a piece of wax first, then hang it in a windless place. It will always point to the south”. This kind of
the south-pointing needle suspended by silk is also called hanging needle. Although it is highly
sensitive and accurate, it is susceptible to wind disturbance due to the lightness of the needle and
silk.
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Magnetic needle on water
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Magnetic needle on the edge of a bowl
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Magnetic needle on a nail
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W A5 v A AT ¥ Magnetic needle suspended by a silk

TE, B THTHL

A ERE L

Bk, a4 TAA B LA T AT E S
Wy mAEE . bk, RIEFEA R,

FRGREGH GO OHEERRIRA

Wang Zhenduo illustrated the four experiments to set up a south-pointing needle mentioned by Shen Kuo
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Magnetic Declination
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The Dream Pool Essays written by Shen Kuo recorded the discovery of the magnetic declination
"When geomancers rub the needlepoint with a lodestone, it is able to point to the south, but it is always
displacing slightly east rather than pointing due south”. To set up a magnetic needle, Shen Kuo made
four experiments: 1. Float a magnetic needle through a wick on the water. 2. Place a magnetic needle on
the rim of a bowl. 3. Place a magnetic needle on the finger nail. 4. Suspend a magnetic needle by a silky
thread. He found that the fourth one had the highest sensitivity and accuracy, which further prompted
him to discover the discrepancy between the magnetic meridian and the geographical meridian, known
as magnetic declination. In 1115 A.D., in Exhibition of the Meaning of Materia Medica, Kou Zongshuang
stated that "When a magnetic needle through a wick floats on the water, it points to the south but shows a
Bing-point variation”. He explicitly explained the magnetic declination and its angle in degrees.

Dispelling Doubts by Chu Yong (around 1101 A.D.-1165 A.D.) in the Song Dynasty clearly expressed
the magnetic declination in degrees "Geography is the subject to determine the direction first. There are
24 cardinal directions in 120 points. The variation of a needle direction of ‘Bing-wu’ position is 2.5 points
southwest, while the variation of a needle direction of 'Zi-wu' is 2.5 points southeast. Isn't it too far to
predict good or back luck?” It means that 120 points divided by 24 cardinal directions is equal to 5 points
per cardinal direction, so the magnetic declination is 2.5 points, or 7.5 degrees.

Itis a concept unknown in Europe for another four hundred years until Columbus, a European, voyaged
to America in 1492 A.D.
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General Records of the Tombs written by geomancer Yang Weide
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General Records of the Tombs written by geomancer Yang Weide in the first year of the Qingli Period
(1041 A.D.) of the early Northern Song Dynasty recorded “the position between a needle direction of
‘Bing-wu' and 'Ren-zi"" is approximately equal to the geographic north-south meridian. Geomancer Wang
Jialso pointed out a magnetic needle points not to the geographic true north, but to "the position between
‘Xu-wei'". "Xu" and "Wei" are the names of the stars. The position between "Xu-wei" is actually the same
meaning as the position between "Bing-wu" and "Ren-zi".

The prince Zhu Zaiyu (1536 A.D.-1611 A.D.) of the Ming Dynasty also noted that magnetic declination

varies from place to place.
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South-pointing turtle
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Illustration of a wooden south-pointing turtle by Wang Zhenduo based on Comprehensive

Comprehensive Record of Affairs by Chen Yuanliang in the later Southern Song Dynasty Record of Affairs

recorded the south-pointing turtle which is carved into a shape of turtle out of wood with a needle
inserted in the tail. It is not put in water, but installed on the smooth bamboo nail with a magnet “WARZN & F— A, — i k4L, 2FRELF4ANE, A)KFLER

in the hollow lower abdomen so that it can turn freely. When it is still, its tail points to the south. . » N . : . ”
: L o . . DAHATT, mBFRKR, GATHB—R, ZaTFLEEREFTIRIL, ARATEE

According to historians, a south-pointing turtle should be invented earlier than 1325 A.D. and was

later developed into a dry compass. BRI CFHRS T
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Needle Bowl
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In an unearthed shipwreck of the Yuan Dynasty, a white glazed ceramic bowl was found. A big
symbol shaped like the Chinese character "E" was glazed in brown on the interior bottom of
the bowl with another Chinese character "$t" on the exterior bottom. According to the research
carried out by scientific historian Wang Zhenduo, the character "E" represents three floating
magnetic needles. It was in this needle bowl that the south-pointing needles floated to indicate
the direction when sailing.

When in use, float the needles in the needle bowl of water, then the direction can be indicated
with the help of the character "E". First, arrange the vertical line of "E" parallel to the center line
of the hull, then the angle between the floating needles and the vertical line indicates the heading
of the hull.The angle changes with the turn of the hull to show the heading shift. Besides, the
needle bowl of the Ming Dynasty housed in the Palace Museum has twenty-four cardinal directions

around the interior bottom, making it easier to observe when in use.
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Schematic diagram of the needle bowl
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Mariner's Compass
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Copper wet card compass with cardinal points for graveyard geomancy in the Ming Dynasty
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Mariner's compass

When the south-pointing needle was first used, there was no fixed azimuth bearing. With the
need to measure the direction, a compass with the integration of the magnetic needle and the
azimuth bearing appeared. A compass which is applied to the seafaring is a mariner's compass.

The ancient seafaring practices originated very early in China. During the Qin and Han Dynasties,
maritime intercourse between China and other areas such as Korean Peninsula and islands
of Japan had been practised. The time when the compass was used for seafaring should begin
between the later Tang Dynasty and the later Northern Song Dynasty. Mr. Wang Zhenduo pointed
out in Sinan, South-pointing Ladle and Compass—The Discovery and Invention of Magnetostatics
in Ancient China (Part 2): "In the third year of the Kaicheng Period of the Tang Dynasty (838 A.D.),
vessels sailing between Japan, Korea and China weren't equipped with magnetic needle, so the
application of the needle to the seafaring wouldn't be earlier than the third year of Tang Kaicheng

Period. According to Pingzhou Table Talk, the application of the needle by the seagoing vessels

in Guangzhou region was in the second year of the Yuanfu Period (1099 A.D.) when the author's

father served as the governor of Guangzhou. Thus, the application of the needle to the seafaring
must begin in any year during these 261 years from the third year of the Kaicheng Period to the

second year of the Yuanfu Period.”
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The earliest recorded mariner’'s compass can be traced back to the Northern Song Dynasty. The
earliest recorded mariner's compass can be traced back to the Northern Song Dynasty. Pingzhou
Table Talk by Zhu Yu in the Northern Song Dynasty described the prosperity of the maritime
business in Guangzhou at that time and the use of the mariner’'s compass by Chinese vessels.
Wu Zimu in the Southern Song Dynasty also wrote in his Dream Sorghum :"When windy or rainy
or overcast, only by the compass can you travel. Mastered by the seaman who dares not make an
iota of mistake for it is related to everyone's life on board.” From this it can also be seen that the
compass plays an important role in navigation.

The compass rose is usually divided into 24 directions. It adopts heavenly stems, earthly
branches and four diagonal directions spaced evenly with "Zi, Kui, Chou, Gen, Yin, Jia, Mao, Yi,
Chen, Xun, Si, Bing, Wu, Ding, Wei, Kun, Shen, Geng, You, Xin, Xu, Gan, Hai and Ren"” in clockwise
order among which "Zi" and "Wu" point to the north-south direction, while "Mao™ and "You" point
to the east-west direction. These 24 cardinal directions are called "single needle point”, such as
"single needle point of Mao"”, while the intercardinal directions halfway between the 24 cardinal
directions are called "seam needle point”, such as “(seam) needle point between Jia and Mao".

Thus in total, there are 48 points with an accuracy of 7.5 degrees per point.

079

e ® &
Mariner's
Compass



g

Needle Path

PEERET AT e, DT EBOE R, RHTKERER. fE
TR RIS O R UL AT R i fa AR “BHi8” , B “HHE”
M HLE] AR — ik LA RFERIAT T A, ROX LA 2 Rk, 21
AR, FFERA B RO A SE RO SE R, IR0 AT IR “H R E 7
MEHE 230, AR LR B SE AR, F—Migk LREFR, FHZFE
USRI, B8 AR TTHI, SN N JE IR 2 i Bl A1 22 i i ek B (45
M) , AUIMAT, sUCEREH AR ShiA. WA ICREFA N EIER 2 H
BRI IRXAEIE) FITERIEY (FERIEIR) 5.

In ancient China, the needle direction and speed over elapsed time which were used to
determine the orientation and course respectively, together with the detailed descriptions of the
water depth, anchor location composed the navigation guide called needle path. On a route from
place A to place B, there are different courses. Connect these courses into a set of line segments
with the needle directions, speed over elapsed time and topographies marked on each of them to
create a chart called "needle path”. From place A to place B, the needle path varies from route
to route, while on the same route back and forth, the needle path also varies because of the
monsoon. During the Yuan Dynasty, Zhou Daguan, a native of Wenzhou, was ordered to visit Zhenla
(now Cambodia) with the diplomatic corps. On his voyage, he used the needle path to orientate.
The existing needle path charts in some detail are Sail Before the Wind of the early Ming Dynasty
and Orthodox Laws of Orientation of the early Qing Dynasty.
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Needle Path Chart of Sending the Boat to Sail before the Wind to Bestow the Noble Title
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The Chinese sailboat in Brief Gazetteer of Ryukyu
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Navigation for ancient Chinese sea vessels typically used landmarks, route guides and nautical
charts. Sail Before the Wind of the Ming Dynasty recorded "When sailing in the past, people
knew mountains, sands, the shallowness and depth of the ocean, the islands and the reefs. They
mastered the seamanship and they were able to look for mountains, recognize anchor locations
and observe the stars like Polaris”. Landmark navigation requires the crew to keep in mind the
location and topography of islands and coastal landmarks. It also requires them to measure the
depth of water, check the sea-floor sediment texture, the color change of seawater and so on.
Book of Time, Needle Path Chart and Nautical Chart are drawn by depicting terrain of mountains
and islands along the route marked with text as references for ships.
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Astronavigation

FEERPEERERCEMSMEANERZ — GFE /M- RR) F
B#H: “RAEBN, WEKP, BERKE, #Bitiz(T. EEA%, AR
o #EALE 3, AATLMEWER., #MAHE, BEHE, £ilF), BNz
., 7 HERERYW “RREMEERTT, B ERKERENT, REEKNE
XK, KRTFHERTH, MRERNHLCE, XERNEHLR, EILET
RS, XSPARERTER., MRERENMOLE, MHELORK, FALEHR
MR, EEWEZARTT o ATAANE, AMIEEUERETHT.
TEATCHT 140 48, PHIXNZ EgmE) G F-57@E 0D hic#:  “KEfAm
BHE, AERP, WSHRMER, 7 W, BN L@ R SFERA T,
RERMEE (£337—422) 19 (BEIL) Hic#: “KigsrEILE,
WRPE, WEHARELE. 7 MRRAKN (BRX) hEE: SN
WP HEEA, WHIRAME, ” XEFE “PAE” BifERdems, mEHE
R4 2 DOLINR BH IR B9 75 R RINE LA Y. BT S,  “Z&ER”
FEMRA LR, ATDAMER&E, #EMA., FIENEE, BOVZHENTE
BT B

52 3T EAE

Schematic diagram of star-guided navigation

China is one of the earliest countries to master the astronavigation. The Classic of Poetry.
Lesser Court Hymns. Da Dong recorded "the Phosphorus appears in the east in the morning and
the Hesperus appears in the west in the evening. The handle of the Net Asterism is long and
curved, open wide in the sky. The Winnowing Basket Asterism is shining in the southern sky with
its tongue sticking out, but this basket cannot winnow chaff. The Southern Dipper Asterism is
at the side of the Winnowing Basket Asterism, with its handle lifted to the east, but this dipper
cannot scoop the wine”. It can be seen that in the Western Zhou Dynasty, people can determine the
direction by stars. As early as 140 B.C., Huainanzi. Qi Folklore Admonition by Liu An in the Western
Han Dynasty recorded "If you get lost when riding a boat, knowing nothing about direction, you
will be enlightened when you see Polaris.” It is obvious that the orientation can be determined at
that time by observing the stars. Buddha Kingdom by the eminent monk Faxian in the Eastern Jin
Dynasty (about 337 A.D. -422 A.D.) recorded "The vast sea is boundless, hard to know the direction.
Only by referring to the sun, the moon, and stars, can we progress.” Wu Zimu in the Southern Song
Dynasty wrote in Dream Sorghum that "The seaman observes the sunrise and sunset to know the
Yin and Yang”. The so-called "Yin and Yang" here refers to north and south. Furthermore, it clearly
points out that it is by the direction of the sunrise and sunset that the orientation is determined.
"The star-guided ocean crossing technique” had greatly developed during the Yuan and Ming
Dynasty. It could be used to determine the latitude, the orientation and make the nautical chart,

becoming an important navigation method for ocean voyage.
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Armillary Sphere
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An armillary sphere is an astronomical instrument for use in observation in ancient China. It
is mainly composed of a spherical framework of rings and a sighting tube (aiming device), which
represent the principal circles of the heaven to measure the equatorial, ecliptic and horizontal
coordinates of the celestial bodies and the culminant stars at dusk, dawn and midnight. The first
well-documented inventor was Luoxia Hong (156 B.C.-87 B.C.) in the Western Han Dynasty. The
earliest armillary sphere had only an exterior equatorial ring and an interior sighting-tube ring. In
the Tang Dynasty, astronomer Li Chunfeng added a framework of three luminary set to measure
the ecliptic and moon's path coordinates of the celestial bodies. In the Yuan Dynasty, astronomer
Guo Shoujing simplified it into an abridged armilla. The earliest existing armillary sphere in China

was made in the Ming Dynasty and now displayed at the Purple Mountain Observatory in Nanjing.
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The Yuanyou armillary sphere recorded by Essentials of a New Method for Mechanizing the Rotation of
an Armillary Sphere and Celestial Sphere of the Northern Song Dynasty
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An armillary sphere of the Ming Dynasty
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Illustration of an armillary sphere of the Ming Dynasty
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Dioptra

ERXIR “sE", BPEERUBRENGZE, —RIEMEFEN LR
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A dioptra, also known as "a sighting tube" was used to observe the celestial bodies in ancient China.
It generally refers to a hollow tube mounted on an armillary sphere so as to aim at the star and fix
its position. Zhuangzi. The Floods of Autumn recorded that "This is just like peeping at the heaven
through a tube, or aiming at the earth with an awl. Aren't both implements too small for the purpose?”
Answering Difficult Questions of a Guest by Dongfang Shuo of the Western Han Dynasty (154 B.C.-93 B.C.)
recorded “to see the sky through a tube and to measure the sea with a ladle.” So it is speculated that
there were simple sighting tubes in the pre-Qin period and the size and shape of the sighting tube had
been gradually perfected in the Western and Eastern Han Dynasties. The History of the Song Dynasty.
Musical Temperament and Calendar Part Nine recorded "The dioptra is five chi and seven cun long with
roundness inside and squareness outside. It is a hollow rod with six fen in diameter, whose range of vision
encircles the angular diameter of the sun. Enclosed in the sighting-tube ring, it can move around, going

anywhere to observe the celestial bodies.
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A dioptra in a sighting-tube ring recorded by Essentials of 095
a New Method for Mechanizing the Rotation of an Armillary

Sphere and Celestial Sphere
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A dioptra recorded by State Building Standards of the Song Dynasty
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Shaanxi Jingbian Han Dynasty Tomb Star Map
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In a brick-chambered tomb of the Eastern Han Dynasty which was excavated in 2015 in Qushu
Trench by Yanggiao River, Jingbian county, Shaanxi Province, precious murals such as a well-
preserved star map of the Han Dynasty were discovered, dating back to the middle and late Eastern
Han Dynasty (about 100 A.D.-200 A.D.). The star map mural represents the relative locations of
three enclosures, twenty-eight lunar lodges, central and peripheral asterisms, galaxy, the sun
and the moon. It is the first star map discovered by Chinese archaeologists that contains all four
elements of the four symbols and twenty-eight lunar lodges: asterism shape, asterism number,
asterism sign and asterism name.
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Shaanxi Jingbian Han Dynasty tomb star map
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The restored image by Mr. Xu Gang in Beijing
(Weibo “Zuo Jin Guan Xing_Xu Gang™)
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The moon
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The Turtle Beak Asterisms
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Niwa (Mother Goddess of Chinese mythology)
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Dunhuang Star Map
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BT EE S, BAAHE. (BUREE) mRORIE. BSHE ER
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Discovered in a cave containing a cache of manuscripts in Dunhuang in 1900, it is to date the first hand-
painted star map that distinguishes constellations of the three schools with different colors and symbols
and it is also one of the world's oldest extant star maps with relatively more stars. The atlas consists of a
map of Purple Forbidden Enclosure (North Polar region) and 12 maps of equatorial and ecliptic regions
south of Purple Forbidden Enclosure (the apparent path of the sun across the celestial sphere which is
divided into 12 segments), showing a complete northern sky visible in China. There are also 25 drawings
of cloud with divination texts, followed by the god of lightning at the end of the atlas. Twelve maps in the
atlas are creatively plotted by using a projection system which is very similar to Mercator projection.
It also uses three different styles of dots — black open circle, black dot and yellow dot — to mark the
positions of 1,339 stars grouped into 257 asterisms. The text accompanying each star map describes the
name, the astrological prediction and the terrestrial territories thought to be influenced by that region.
It is generally believed that the star map was drawn during the reign of Emperor Li Xian, Zhongzong of
the Tang Dynasty (705 A.D.-710 A.D.). There is a line of text which reads "your servant Chunfeng says",
referring to astronomer and Taoist Li Chunfeng during the reign of Emperor Taizong of Tang, one of the
possible authors believed by some scholars. The extant Dunhuang star map is probably a copy of the
original manuscript. The observation site might have been in Chang'an (present-day Xi'an) or Luoyang,
both at latitude of 34°N. Now it is housed in British Library in London.

“«««a

SR
NAVIGATION SECTION
#anlm AR

LODESTONE GOVERNING SOUTH
STAR-GUIDED OCEAN CROSSING

“««a

@000



E= ] L 2000500
R d AR

NAVIGATION STARS AND SINAN
ANCIENT CHINESE
NAVIGATION TECHNOLOGY

“(e««a

102

(B RIE)
Dunhuang
Star Map
CHIZZB my A
Dunhuang Star Map's details
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Suzhou Stone-carved Planisphere
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Itis the world's oldest extant whole-sky planisphere engraved on stone by Wang Zhiyuan in the
seventh year of the Chunyou Period in the Southern Song Dynasty (1247 A.D.). Drawn by Huang
Shang in the first year of the Shaoxi Period in the Southern Song Dynasty (1190 A.D.) according
to observations made during the Yuanfeng Period in the Northern Song Dynasty (1078 A.D.-1085
A.D.), it is a circular whole-sky chart at the upper part of the stele. Its outer circle is about 91.5
centimeters in diameter and the chart itself is about 85 centimeters in diameter. The stele is 216
centimeters high and 108 centimeters wide with caption "Tian Wen Tu" (astronomical chart) at
the top, hence the name "Astronomical Stele”. The planisphere depicts the sky in a classical way,
adopting the three concentric circles along with radiating lines which demarcate the 28 mansions,
extending to a circle centered on the north celestial pole. Two intersecting circles represent the
celestial equator and ecliptic with an angle of 24 degrees. An irregular band running across the
chart outlines the Milky Way. A text of more than two thousand words below the planisphere
summarizes some astronomical knowledge known at that time and points out "a list of 1,565
stars in 283 asterisms”. The observations were made from a latitude of about 35° north, which
corresponds to Kaifeng, the capital city at that time. It preserves some information about star

observations and star positions in the 11th century, which has very high scientific value.
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through a hole in the middle of the card. When using the latitude hook, pull one end of the string
tight in the right hand towards the eye while hold the other end in the left hand away from the body
until the arm is straight. If the card is the right size, the lower edge of the card will be even with
the horizon and the upper edge be occluding Polaris, then the elevation of Polaris can be indicated.
The units are "zhi" (finger) and "jiao" (quarter). One “zhi" is equal to four “jiaos", which is about

1.9°. Latitude can be obtained by measuring the altitude of Polaris, the Midday Sun or other stars.

sk S K3 The dead reckoning can also be plotted in a combination of the latitude,the heading and speed.
SFEER

Star-guided Ocean Crossing Technique
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As early as 2,000 years ago during the Qin and Han Dynasties, the Chinese began a few sailing
activities and mastered the astronomical method of distinguishing direction and position by
observing stars. Star-guided ocean crossing technique is the art of navigation that determines the
vessel's latitude and geographic position by observing the altitude of stars such as Polaris. When

sailing at deep ocean, vast sea, where there is nothing to rely on, only by celestial bodies can you

BF > o 3F & B B g 3 BF o B4 IF (R S B BF & R s e o

o 2 3t B T B g o BF o PO I S o EE | R o R RS

determine the location.

In the early Ming Dynasty, Zheng He employed the star-guided ocean crossing technique in his
voyages to the west ocean on the basis of "determining the east and west by the rise and set of the
sun and the moon, judging near and far by the rise and fall of the stars”. The tool of this technique
is called Chinese latitude hook which is a set of 12 square wooden cards. The side of the largest 7
card is about 24 centimeters long with the remaining pieces decreasing 2 centimeters one by one RitEE2H (&)

in size, and thus the side of the smallest one is about 2 centimeters long. A string is attached . )
A copy of a star-guided ocean crossing map (part)
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A star-guided ocean crossing map in Zheng He's Nautical Chart

KRERRF AN CKEE> 6§ AR P 4teE2B, €N

T TARAT LA Fe) R R XA ASZE (B R .

ZARIEFEFZRARXTAFAMEEARLZEHEAR, RREREZ 4.

TA AL R L F ARSI .

000000

««««a S

NAVIGATION SECTION
#anl AR

LODESTONE GOVERNING SOUTH

«««a

STAR-GUIDED OCEAN CROSSING

\\
\

7 v )
/////4/////

REECE T FHEMR FLFEM O ONFER LR SR

12-finger card 11-finger card ~ 10-finger card ~ 9-finger card  8-finger card 7-finger card 6-finger card

% =
B 9 35 AR Z XM

5-finger card 4-finger card 3-finger card

NF BT 12 e & 2 1
— R — 38 The small square ivory card 12 cards of Chinese
2-finger card 1-finger card latitude hook
12322 HTEH
Schematic diagram of 12 cards of Chinese latitude hook
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Schematic diagram of Chinese latitude hook measuring the height of a celestial body
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Commonly used reference stars for star-guided ocean crossing technique
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Commonly used reference stars for star-guided ocean crossing technique

EEZREMNGAZEZERE: LRE (Mea) , LEWE (DREE B
Y) , WEFZ (T FE o« B 7~ 8) , BhkZ2 (RFEFE o) , BfH
BB AE (RFAEo §) , BITME (FAHREa B) , H5h, “D+"3
NREE, “KEZTHRERF.

«««a

115

JUREZ=3 VN
Star-guided

Ocean Crossing
Technique



332293>>>

{(«g«a

)
25

-}

NOILDIS ASHAOdD

FEFE S EEF

ONIAFAYNS ANVT ‘ONIdIVIN ATID

LRI & 2R SMBR N EZA R 7. HEALE
2000 ZAEHTHLAR T &, MARRARTH, ks,
MAE, ER, D BRE, fBEE. LEEE, BELL
HIE, MG KSR, WaBoe, HHEET,
HIEARSE, EIT R TR ERAWAKLER, Wit NEE,
E—ATINH, 2HIRRER (BIZE) 5, XLEMRHH
B 75 T A e A SEEAE P E DA E A A B, (AR
TI RS A AL IS 5 A AR T AR

Surveying and mapping are important parts of navigation technology.
The Chinese invented various tools of surveying and mapping more than
2,000 years ago, such as the level and ink line, the pencil compass and
carpenter’s square, the gnomon and ruler, the compass, the sighting
tube, the south-pointing carriage, li-recording carriage and so on. Various
methods of surveying and mapping had been gradually summed up, such
as the right triangle theorem, squared map with grid system and scale,
the six principles of cartography. Moreover, many important surveying and
mapping practices had been carried out, such as craftsmen constructing
the capital, the monk Yixing's geodetic survey, a drawing of Yuji Tu map of
territories of the Song Dynasty and so on. These theories and practices in
surveying and mapping played an important role in the social governance
of Chinese dynasties and the exchange of science, technology and culture
between the East and the West.
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Xi'an Banpo Site
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In 1952, archaeologists discovered a site of matrilineal clan of primitive society in Banpo Village,
Xi‘an City, Shaanxi Province, dating back to the Yangshao culture of the Neolithic Period around
6,000 to 7,000 years ago. In this site, there are clusters of residential areas, including 46 round or
square houses with doors facing south, from which it can be inferred that Banpo people were able

to distinguish directions accurately, probably by observing the sun, the moon and stars.
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Level, Ink Line, Pencil Compass, Carpenter’ s Square
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If you want to know the flat and straight, you must have the level and ink line. If you want to
know the circle and square, you must have the pencil compass and carpenter’s square. Records
of the Grand Historian. Annals of Xia Dynasty recorded Dayu controlled flood with "the level and
ink line in the left hand, pencil compass and carpenter’s square in the right hand”. A "level” is a
tool used to measure true horizontal, which was recorded in Book of Han. An "ink line" is a tool
used to measure distance, draw straight line and find true vertical. A "pencil compass” is a tool
used to inscribe circle or arc. A "carpenter’s square” is a tool used to lay out square structure
and measure right angle, that is to say a framing square. Book of Han. Musical Temperament and
Calendar recorded that "The balance is generated when the weight and the object are even. The
operation of the balance generates the pencil compass. The circle drawn by the pencil compass
generates the carpenter’s square. The square drawn by the carpenter’s square generates the ink
line. The straight line drawn by the ink line generates the level. The accurate levelin turn generates
the balance of the weight and the object. These are the five laws". In other words, "weight, balance,
pencil compass, carpenter’s square, ink line and level” are the basic requirements for measuring
and weighing things.
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The level, ink line, pencil compass and carpenter's square from
Collected Illustrations of the Three Realms of the Ming Dynasty
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The level in Complete Books of the Four Imperial
Repositories
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Fuxi holds the carpenter’'s square.

Niwa holds the pencil compass
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"The capital city” in Artificers’ Record drawn by
Nie Chongyi of the Northern Song Dynasty

122 EARE

B Craftsmen Constructing the Capital
Craftsmen

Constructing
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Rites of Zhou. Artificers’ Record written in the Spring and Autumn Period and the Warring
States Period, described the spatial layout of the capital city of the Zhou Dynasty, as well as the
questions of measuring the horizontality and the direction when constructing the capital. It also
put forward the methods of using the level and sundial shadow to determine the horizontality and

the direction.
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It recorded that "When craftsmen construct the capital city, they use the level to ensure the
levelness of the land. They raise the pole to make a sundial to correct the east and west directions
by observing the pole shadow at sunrise, sunset, and midday. They correct the north and south
directions by observing Polaris at night. When craftsmen construct the capital city, they square the
city with nine li (Chinese unit of distance) in length and three gates on each side. There are nine
vertical and nine horizontal roads in the city, all of which have nine carriageways. The temple is on
the east and the altar is on the west. The imperial palace is at the front and the market is at the
back, both of which cover one hundred mu (Chinese unit of land measurement)”.

B, R AR <JAAL-FZ i) 4 E X

Some images in Rites of Zhou. Artificers’ Record from a copy of the Ming and Qing Dynasties
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Shang Gao Theorem (Right Triangle Theorem)
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The right triangle theorem is also called Shang Gao theorem or Pythagorean theorem.
"Arithmetical Classic of the Gnomon and the Circular Paths of Heaven" (Zhoubi Suanjing) written
in the 1st century B.C. recorded that as early as the 11th century B.C. in the early Western Zhou
Dynasty, mathematician Shang Gao put forward the right triangle theorem for the case of the 3-4-5
triangle and its application in geodesy and astronomy.

In the beginning of Zhoubi Suanjing, a dialogue between the Duke of Zhou and Shang Gao
about mathematical knowledge was recorded. The Duke of Zhou asked: "I heard that you are very
proficient in mathematics. | would like to ask: the sky is so high that there is no ladder to go
up and the earth is so wide that there is no ruler to measure, then how can we get the data
about the sky and the earth?” Shang Gao replied: "The generation of numbers comes from the
understanding of the shapes like square and circle. One of these principles is that when the length
of the perpendicular is 3 and the length of the base is 4, then the length of its hypotenuse must
be 5. This principle was summed up by Da Yu when he was controlling the flood.” Zhoubi Suanjing
also recorded the application of the right triangle theorem by Chenzi, the descendant of the Duke
of Zhou: "In order to calculate the hypotenuse from right triangle sides, first take the sum of the
squares of the lengths of the two legs, next take the square root of the sum, and this root is the
length of the hypotenuse.”
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Arithmetical Classic of the Gnomon and the
Circular Paths of Heaven (Zhoubi Suanjing)
from a Song Dynasty copy
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Military Map is the world's earliest extant color-coded military map. Being 98 cm long and 78 cm

wide, it is a garrison map drawn in three colors — red, black and cyan. The map highlights military

g Eiﬁ;ygﬁtﬂ contents, with mountains and rivers as foils placed on the second plane. A red outline with black

Ancient Maps of quqngdui Han Dynasty Tombs background is adopted to highlight the nine garrison locations and their command centers. The
boundary of the defense zone is drawn in red along the surrounding ridges on which the beacon

towers are indicated.
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B, R THENICE, REBRESERET, 1973 EMEKDD LERZERE
FHEBNE (FRFICCH -4, HIATH 168 4) HTT 3 BLHER B L6 LT ED
LHEIE, 3R GUBE) GEEE) f GREE) . X2HE L Topagraphic Map unearthed

in Tomb 3 of Mawangdui Han
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Dynasty Tombs
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Dynasty Tombs Dynasty Tombs
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The history of cartography in China is very long. There are records of maps in ancient books
such as Rites of Zhou and Guanzi in the pre-Qin period, but maps at that time have been lost. In
1973, three ancient maps drawn on silk were unearthed in Tomb 3 of Mawangdui Han Dynasty
Tombs in Changsha City, Hunan Province (buried in the 12th year of Emperor Wen of the Han
Dynasty, i.e., 168 B.C.). They are Topographic Map, Military Map and Prefecture Map. Dating back
to about 2,200 years ago, they are the world's oldest extant maps based on actual measurement
and they reflect the superb Chinese cartographic techniques during the Qin and Han Dynasties.
The orientation of the cardinal directions displayed on these maps is south at the top, north at
the bottom, east to the left and west to the right, contrary to conventional maps today. Two of the
maps— Topographic Map and Military Map have been verified and restored by the Palace Museum

and other relevant institutions. N o 2.9
LI = 5 E

h e KEERY

Military Map unearthed in Tomb 3

The Deep and Flat Defense Zone Map of Changsha State in the Early Western Han Dynasty, also
known as Topographic Map, is a square map whose each side measures 96 cm. The four basic
elements of the modern topographic map, namely river, mountain, road and residential area, are

all displayed on the map in detail. of Mawangdui Han Dynasty Tombs
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Restored Topographic Map
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Li-recording Drum Carriage (Odometer Cart)
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A li-recording drum carriage is an odometer cart used in ancient China for calculating the
mileage. It is developed from the "li-recording carriage”. Its principle is to calculate the mileage
by means of differential gears. The earliest written records about the li-recording carriage were
found in Miscellaneous Records of the Western Capital by Liu Xin of the Han Dynasty (50 B.C.-23
A.D.). It is thus evident that there had been carts that could be used to calculate the mileage by
the Western Han Dynasty. The Book of Jin. Carriage and Costume recorded: "Li-recording drum
carriage, which is drawn by four horses, takes a similar style to the south-pointing carriage. A
carved wooden figure inside holds a drumstick. At the completion of every li, the wooden man

strikes a drum.”
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Li-recording drum carriage
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Stone relief of a "li-recording drum carriage” on an ancient tomb unearthed from Mount Xiaotang in
Shandong Province
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Schematic diagram of li-recording drum carriage A stamp of “li-recording drum carriage” issued in 1953
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South-pointing Carriage
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A south-pointing carriage is an ancient Chinese vehicle that uses a geared mechanism to
indicate direction. No matter how the carriage turns, the wooden figure placed at the top is aimed
southward by hand at the start of a journey. The origin of the south-pointing carriage was very
early. There is a legend of an early south-pointing carriage made by the Yellow Emperor when
he engaged in battle with Chiyou in the field of Zhuolu. In the third year of the Qinglong Period
(235 A.D.) of the Wei Dynasty, Ma Jun made a south-pointing carriage that employed a geared

mechanism and an automatic clutch device.
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Model of a restored south-pointing carriage
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Schematic diagram of the south-pointing carriage reinvented by Wu Deren
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Pei Xiu stated that the six principles of cartography are interrelated and very important in map

*IJ _Y_W making. The comprehensive application of these six principles has solved the problems of the
=17\ . . A

graduated scale, the rectangular grid, road distance and so on. Therefore, the six principles of

Six Principles of Cartography

cartography had become the basis of the Chinese cartographic theories since the Western Jin

Dynasty. It was not until the end of the Ming Dynasty when the world map with parallels and
IR AR 2 B0 S A B @i@, U N 2B S AR RS R A meridians spread to China, China began to adopt new cartographic methods. It has an important

AGROER T, %5 (224271 FBE, WARE HUmEHE poslenin fhe istory of cartography n Ehina and around he worle
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of
Cartography
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The six principles of cartography are the earliest cartographic theories in ancient China. It was
put forward in the Western Jin Dynasty by Pei Xiu who summed up the predecessors’ experiences
in cartography. Pei Xiu (224 A.D.-271 A.D.), courtesy name Jiyan, a native of Wenxi County, Shanxi
Province, was the Minister of Works and was later promoted to prime minister during the reign
of Emperor Wu of Jin. He explicitly described six mapping principles in the preface of his Yu Gong
Geographical Map:

In making a map there are six observable principles: 1. the graduated scale (Fen Lv), which is
a means of determining the map's scale; 2. the rectangular grid (Zhun Wang), which is the way
of depicting correct relations between various parts of the map; 3. road distance (Dao Li), which
is the way of fixing the lengths of derived distances; 4. measuring the high and the low (Gao Xia),
that is, land measurement in the terrian; 5. measuring right angles and acute angles (Fang Xie), 5 Jé_}i;rg\éu j_“,;%,] A 7»_\.44‘”
that is, angles of elevation and depression; 6. measuring curves and straight lines of the rivers

Six principles of cartography established by Pei Xiu of
and roads (Yu Zhi). the Western Jin Dynasty
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Monk Yixing's Geodetic Survey

B—17 (683—727) , RN, ALK, 4ZF, XRGERREEE,
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Monk Yixing (683 A.D.-727 A.D.), secular name Zhang Sui, was deep in astronomical almanac.
In the 12th year of the Kaiyuan Period of the Tang Dynasty (724 A.D.), he initiated and organized
a largest-ever terrestrial-astronomical survey covering 12 locations from the Uighur, a tribe
of Teli (now southwest of Ulaanbaatar, Mongolia) in the north to Linyi (now central Vietnam)
in the south, with today’s Henan Province as the center. The survey was under the direction of
imperial astronomer Nangong Yue and others who went to these locations to "take gnomonic
measurements and then report to the court”™. Monk Yixing adopted "the right triangle theorem
to calculate the difference between shadow lengths of the sun (observed at the same time at two
places) along the same meridian”. There were several observations done for each site—one for
the height of Polaris, one for the noon shadow length of an 8-chi-high pole at the two solstices
and two equinoxes, one for the lengths of day and night. The four major observation sites along the
same meridian were Baima (Now Hua County), Junyi, Fugou and Shangcai. For 2.1 cun in shadow
length, the corresponding distance running from the Baima to Shangcai was 526 li and 270 bu.
Thus the erroneous concept that 1 cun in shadow length corresponded to 1,000 li in distance was
overthrown. According to the measurement data, Monk Yixing concluded that for one degree

of height of Polaris, the corresponding distance between two places along the same meridian
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was 351 li and 80 bu (Tang Dynasty's unit of distance, or 129.22 km), which was longer than the
present-day value of the length of one degree of meridian arc, that is, 111.2 km. Although Monk
Yixing's calculation was fairly accurate, it was the world’s first record of the length of meridian arc

based on field measurement, which was very scientifically valuable.
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"Squared map with grid system and scale” refers to a cartographic method of making coordinate
grids on the map in accordance with certain proportion to control the direction and distance among
various objects. Maps drawn by this method have very high accuracy.
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"One Belt One Road" is the short name of "Silk Road Economic Belt” and "21st Century
Maritime Silk Road". In 139 B.C., Zhang Qian led a group of people to Central Asia from
Chang'an to explore the "Silk Road" for the first time, which was called "a journey to
explore the virgin land” in history. Thus the Silk Road had become a trade access between
China and Central Asia. During the reign of Emperor Taizong of Tang, the eminent monk
Xuan Zang spent 16 years on a pilgrimage to India along the Silk Road via Central Asia for
Buddhist scriptures and sermons. In the Tianbao Period of the Tang Dynasty, Monk Jian
Zhen attempted to visit Japan six times and finally made it to Japan along the maritime Silk
Road in 754 A.D. The Travel of Marco Polo wrote in several places: "Many merchants come
and stop at the outskirt of the Yuan capital.” In the early 15th Century, Zheng He conducted
seven voyages to the "Western” or Indian Ocean. He opened up the intercontinental routes
between Asia and Africa, marking the peak of the maritime Silk Road. From past to present,
navigation technology has made important contributions to the development of "One
Belt One Road". Great Tang Records on the Western Regions is a famous historical and
geographical masterpiece. Zheng He's Nautical Chart plays an important role in the world
history of cartography, geography and navigation.
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Zhang Qian's Mission and Exploration to Central Asia
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Zhang Qian (164 B.C.-114 B.C.), courtesy name Ziwen, a native of Chenggu, Hanzhong County
(now Chenggu County, Hanzhong City, Shaanxi Province), was an outstanding diplomat, traveler,
explorer and the pioneer of the Silk Road in the Han Dynasty. In the second year of the Jianyuan
Period of Emperor Wu of Han (139 B.C.), Emperor Wu dispatched Zhang Qian to the Western
Regions (Central Asia) to build an alliance with Rouzhi against Xiongnu. He returned in the third
year of the Yuanshuo Period (126 B.C.), which lasted 13 years. In the fourth year of the Yuanshuo
Period (119 B.C.), Zhang Qian was sent on a second mission to the Western Regions, which lasted
4 years.

Zhang Qian’s two expeditions to the Western Regions opened up the northern and southern
routes for the Han Dynasty to the Western Regions, which objectively promoted the exchanges
between each other. Emperor Wu of Han bestowed Bowang Marquis on him because of his
military glory. Historian Sima Qian also praised him for his great mission to the Western Regions

as "ajourney to explore the virgin land”. He went through all kinds of hardships on his mission to
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Central Asia. When he passed through the Gobi Desert, he determined the direction by observing
the sun by day and the stars at night. Also accompanied by a guide named Ganfu (also called Tang
Yi Fu), he achieved the feat of exploration. Following the footsteps of Zhang Qian, later generations
blazed the world-renowned Silk Road.

In 1877 A.D., German geographer Ferdinand von Richthofen coined the term "Silk Road™ in his
book China to refer to the corridor mediated by silk trade for more than two hundred years from
114 B.C. to 127 A.D. between China, Central Asia and India. This term was quickly accepted by the

academia and the public.
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Zhang Qian (164 B.C.-114 B.C.)
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A mural depicting Zhang Qian's mission and exploration to Central Asia (Mogao Cave 323)

Woodblock print of “Countries in Central Asia in the Han Dynasty” during the Jingding Period of the Southern
Song Dynasty(1260 A.D.-1264 A.D.), now housed in National Library of China
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A Zhang Qian special sheet and a minisheet issued by China in 2017
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Records of the Grand Historian. Treatise on Dayuan
published by Huang Shanfu's bookstore in Jianan

County during the Qingyuan Period of the Southern
Song Dynasty
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Route map of Zhang Qian’s first mission to Central Asia
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Route map of Zhang Qian's second mission to Central Asia
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Route map of Zhang Qian’s mission to Central Asia
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Monk Xuan Zang's Journey to the West
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Xuan Zang (602 A.D.-664 A.D.) was a famous Buddhist monk, an outstanding Buddhist scholar,
translator and traveler in the Tang Dynasty. In the second year (628 A.D.) of the Zhenguan Period
of Emperor Taizong of Tang, Xuan Zang set out to the west to explore the contradictions and
discrepancies in the Buddhist texts. Moving westward along the ancient Silk Road opened up by
Zhang Qian, he navigated by the sun and stars. On his westward journey, sometimes he traveled
with business travelers and sometimes he was helped by authorities or friends, like when he
passed through the Iron Gate Pass, he was full-time escorted by a Turkic officer. Xuan Zang went
through hardships during his sixteen-year (628 A.D.-643 A.D.) overland journey to Nalanda Temple,
the Indian Buddhist center where he obtained Buddhist scriptures, studied various schools such
as the Mahayana and Hinayana. He also acquired many Indian Buddhist texts, which he had long
been engaged in translating. In addition, in his 12 volumes of Great Tang Records on the Western
Regions completed in the year 646 A.D., Xuan Zang recorded his thirty-thousand-li journey to the
west with 110 countries he visited and the geographies, products, cultures and customs of the
28 countries on hearsay. This "Records” is a valuable document of Central Asia along the Silk
Road, a world-famous historical and geographical masterpiece and the best geographical guide

for Emperor Taizong's later westward expedition.
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A 2016-24 Xuan Zang special sheet issued on September 4, 2016 depicts Xuan Zang was translating the Scriptures
after he returned to China.
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Image of Monk Xuan Zang (collection of Tokyo National Museum, Japan)
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A mural of Monk Xuan Zang's Journey to the West to Obtain Buddhist Scriptures in Yulin Caves, Guazhou County,

Gansu Province
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Photoprint of Great Tang Records on the Western Regions (part)
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Route map of Monk Xuan Zang's journey to the west and back
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Monk Xuan Zang's journey to the west (outbound)
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Monk Xuan Zang's journey to the west (inbound)
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Touring exhibition of statue of Jian Zhen paying a visit back to China sheet
issued by China in 1980
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Monk Jian Zhen's Eastbound Travel
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Jian Zhen (688 A.D.-763 A.D.), secular surname Chunyu, a native of Guanglin Jiangdu (now
Yangzhou City, Jiangsu Province) was a famous medical expert and an eminent monk who
propagated Buddhism in Japan. Since the first year of the Tianbao Period of the Tang Dynasy
(742 A.D.), he had attempted to visit Japan six times at the invitation of Japanese monks but had
failed five times. He went through a lot of hardships and finally arrived in Japan in the year 754 A.D.
along the East China Sea route of the maritime Silk Road on his sixth attempt. He had lived in
Japan for ten years and worked tirelessly to spread the cultural achievements of the Tang Dynasty.
Toshodai Temple which was set up by Jian Zhen is a famous Buddhist complex in Japan. Jian Zhen
determined the direction by observing the sun by day and the stars by night. His fifth attempt to
Japan encountered howling winds and roaring waves. After drifting southward for more than ten
days, they were led by a group of white fish to Zhenzhou (now Sanya City, Hainan Province). He

finally succeeded on his sixth attempt to Japan after going through hardships.
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Statue of Monk Jian Zhen in Toshodai Temple in Nara, Japan
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"The Ordination of Teenage Chunyu" in volume 1,

passage 1 of The Sea Journey to the East of a Great
Bonze from the Tang Dynasty

"The Failure of the Second Attempt to Japan™ in volume

2, passage 1 of The Sea Journey to the East of a Great
Bonze from the Tang Dynasty
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"Japanese emissary's official visit to Jian Zhen" in volume 4, passage 3 of The Sea Journey to the East of a Great
Bonze from the Tang Dynasty
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Route of Jian Zhen's fifth attempt to Japan

EAAHARDEASEEA (FF)

Route map of Monk Jian Zhen's attempts to Japan
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Route of Jian Zhen's sixth attempt to Japan
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The Arab Astronomer Jamal ad-Din of the Yuan Dynasty
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The establishment of the Mongol Empire promoted the cultural exchanges between Arab in
Central Asia and China. In 1267 A.D., Persian astronomer Jamal ad-Din who previously worked
at Maragheh Observatory reached Kaiping city, the upper capital of the Yuan Dynasty and was
summoned to the presence of Kublai Khan. In the same year, Kublai Khan issued the Islamic
almanac known in China as Eternal Calendar compiled by Jamal ad-Din. He had made seven
Islamic astronomical instruments including ecliptic sphere, organon parallacticon, an instrument
for measuring the time of the two Equinoxes, a mural quadrant, cosmo-sphere, tellurion, Persian
astrolabe. In 1271 A.D., the Islamic Observatory (later called the North Observatory) was set
up in the upper capital of the Yuan Dynasty, where Jamal ad-Din was appointed as the director
(equivalent to the director of present-day National Astronomy Observatory). The seven Islamic
instruments were all placed there.

Under the leadership of Jamal ad-Din, the geographic records of the whole empire, that is,
the famous The Unified Domain of the Grand Yuan Dynasty in 1,300 volumes had been completed
after 17 years of effort beginning from the year 1286 A.D. This "Records” expanded the geographic
knowledge of the Chinese territory at that time with a large amount of mapping information and
Arabic mapping techniques introduced by Jamal ad-Din from the Western Regions, which had

profound influence on Chinese cartography in Yuan and Ming Dynasties.
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The Unified Domain of the Grand Yuan Dynasty (Yuan Dynasty edition, 19.5 cm*25.5 cm)
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Left: The Travels of Marco Polo mini souvenir sheet issued by Vatican on March 15, 1996
Right: A stamp of Marco Polo receiving the golden holy book from Kublai Khan
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The Travels of Marco Polo
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Marco Polo (1254 A.D.-1324 A.D.) was an ltalian traveler in the middle Ages. In 1271 A.D., he
traveled east by land with his father and uncle. Four years later, in 1275 A.D., they arrived in Dadu
(present-day Beijing) of the Yuan Dynasty. He traveled around China for 17 years and returned
to Venice by sea in 1291 A.D. Marco Polo dictated an account of his travels to his good friend
Rustichello da Pisa who then wrote The Travels of Marco Polo in French in 1299 A.D. With the
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publication of this book, once again kindled the passion of the western world to pursue the oriental
golden dream and the book became the "pilot chart” of oriental explorations. Marco Polo set sail
west on a boat steered by Chinese navigators from Quanzhou to Venice via Persia, which also left
important oriental navigational messages for the medieval Europe. The Travels of Marco Polo
recorded the Chinese seacrafts and navigational situation at that time. After the seacraft entered
the vast Indian Ocean through the Malacca Strait, there were records of the height of Polaris. When
the seacraft arrived in Melibar (present-day Malabar), the western shoreline of India, he recorded
"in this country you see more of the North Star, for it shows two cubits above the water”. From this
it can be inferred that Chinese navigators had mastered star-guided ocean crossing technique by
then. In 1887 A.D., his descendants donated a box of 14 parchment documents in the 13th century
to the U.S.Library of Congress, five of which were said to be Marco Polo's nautical charts, providing
people with a very rare overview on an epic journey between Europe and China along the maritime
Silk Road in the 13th century.
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Marco Polo’s 24-year travel route

000000

At et
EXCHANGE SECTION
we g N g
i i QDY E i
ONE BELT ONE ROAD
PEOPLE TO PEOPLE BOND

«a

e

187

oy R[ - il
The Travels

of
Marco Polo



A TEF

Zheng He's Expeditionary Voyages
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Zheng He (1371 A.D.-1433 A.D.), also known as "Triratna Eunuch”, was a native of Kunyang
(present-day Jinning, Yunnan province). He was born in a Muslim family. Zheng He's voyages,
historically known as "Zheng He's expeditionary voyages to the western ocean” reached Southeast
Asia, the Red Sea and East Africa via the South China Sea, the Southwest Pacific and Indian Ocean
from the 3rd year of the Yongle Period of Ming (1405 A.D.) to the 8th year of the Xuande Period of
Ming (1433 A.D.). Sent by the Ming Emperors, Zheng He conducted seven voyages to the western
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ocean and visited more than 30 countries and regions in Asia and Africa over 28 years with a large
fleet of more than 200 vessels and 27,000 people, which promoted the maritime trade and cultural
exchanges between the Ming Dynasty, Southeast Asia and African countries.

The accomplishment of the voyages embodied the superb achievements of the ancient Chinese
navigation techniques. Zheng He comprehensively applied various navigation methods such
as astronomical navigation (star-guided ocean crossing technique), compass navigation and
landmark navigation to his great voyages. The water compass was then used on the sea vessels
to determine the direction and the dry compass was later introduced. Zheng He's fleet employed
star-guided ocean crossing technique, that is, the Chinese latitude hook to determine the latitude
by observing the sun or Polaris, etc. As they mainly traveled along the coast, they adopted the
landmark navigation where there were geomorphic features, while they adopted star-guided
ocean crossing technique to determine the location where there were not. Together with the
hydrological survey (water depth and seabed sediment), specific position of the fleet could be
confirmed in comparison with the previous log and needle chart.

Zheng He's voyages opened up the intercontinental routes between Asia and Africa. He
conducted ocean expeditions to the Western Pacific and India Ocean where he collected a large
number of data on marine science. Zheng He's Nautical Chart was drawn on the basis of a large
number of ocean surveys. The essence of Zheng He's Nautical Chart is that it's "not stick to the
scale”, which means it varies properly in scale. It can be scaled down to hold tens of thousands of
miles in one of a set of the chart. Joseph Needham, a famous British historian of science, spoke
highly of Zheng He's nautical chart in The History of Chinese Science and Technology : "it is the

world’s first true scientific nautical chart.”
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1 90 Illustration of Zheng He's expeditionary voyages, as a prelude to the Taoist Canon of the Princess of Heaven (part)
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Zheng He's Nautical Chart restored by Prof. Zhang Jian of Sichuan University
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The 580th Anniversary of Zheng He's Expeditionary Voyages souvenir sheet issued by China in 1985 The 600th Anniversary of Zheng He's Expeditionary Voyages souvenir sheet and minisheet issued by China in 2005
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The comparison of Zheng He's expeditionary voyages and the three major voyages by Europeans
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Silk Road Landscape Map
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Silk Road Landscape Map
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Itis a royal map in the Ming Dynasty's court, approximately drawn between the third year to the
eighteenth year of the Jiajing Period (1524 A.D. -1539 A.D.) of the Ming Dynasty. It is now housed in
the Palace Museum in Beijing. The green-colored landscape scroll used within the Ming Imperial
Household Department is 30.12 meters long and 0.59 meters wide. It depicts a vast geographic
range from Jiayuguan Pass in the east to Tianfang City (present-day the holy city of Mecca in Saudi
Arabia) in the west. This map is filled with a large amount of geographical information with the
clear marks of as many as 211 western toponyms including many important cities along the Silk
Road such as Dunhuang (Shazhou City) in China, Samarkand ("Stargazing Pavilion", present-day
"Ulugh Beg Astronomy Observatory") in Uzbekistan, Herat (Heilou City) in Afghanistan, Isfahan
(Yasi City) in Iran, Damascus (Hami) in Syrian and Mecca (the Kingdom of Tianfang) in Saudi
Arabia. This scroll comprehensively reflects the glorious scenes during the mid-Ming Dynasty

along the Silk Road which lasted for more than a thousand years.
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Matteo Ricci in China
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Matteo Ricci (1552 A.D.-1610 A.D.) was an ltalian Jesuit missionary and a scholar. He began
his missionary work in China in the 10th year of the Wanli Period in the Ming Dynasty (1582 A.D.),
where he had lived for 28 years until his death. Li Madou was his Chinese name. Matteo Ricci
made extensive contacts with officials and elites to spread western scientific and technological
knowledge of astronomy, mathematics and geography. He introduced the western map projection
to China and drew more than 10 world maps. He also measured the longitude and latitude
coordinates of many cities in China and translated many foreign toponyms into Chinese. Some of
the toponyms he translated such as "Atlantic” "Mediterranean” "Cuba” and "Canada” are still in

use today.
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In the 29th year of the Wanli Period (1601 A.D.), Matteo Ricci went to the capital Beijing to offer
his self-made Shanhai Yudi Quantu map. In the 30th year of the Wanli Period, he collaborated with
official Li Zhizao to create Kunyu Wanguo Quantu (The Great Universal Geographic Map) which
was woodblock printed.

The original map now is lost, only six copies of which are known to exit. They are the copies
of Li Zhizao's map printed in 1602 in brownish ink on six paper panels. Kunyu Wanguo Quantu
now housed in the University of Minnesota is one of the two well-preserved maps of these six
original copies. Mounted on one large paper, the pigment-free map is the first world map in China
that uses western mapping techniques as well as the earliest extant map in Chinese to show the
Americas. It also shows East Asia at the center of the world map, setting a precedent for the world

map drawn in Chinese. There is also a colored copy in Nanjing Museum.
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Portrait of Matteo Ricci, a collection of National Heritage Board of Singapore
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Matteo Ricci souvenir sheet issued by Italy and Vatican
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Kunyu Wanguo Quantu [drew during the Wanli Period in the Ming Dynasty; the map (six paper panels) is about
167.5 cm x 371.2 cm with each panel about 167 cm x 61.5 cm or smaller; the scale is about 1:12500000.]
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Beijing Ancient Observatory
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Beijing Ancient Observatory was built in the 7th year of the Zhengtong Period of the Ming
Dynasty (1442 A.D.). It was then called "Guanxing Tai" ("Stargazing Observatory”). Several
large astronomical instruments were placed on the platform, such as the Abridged Armilla,
the Armillary Sphere, and the Celestial Sphere, whereas the timing instruments, such as the
gnomon and clepsydra were placed below. In the Qing Dynasty, "Guanxing Tai" was renamed
"Guanxiang Tai" ("Astronomy Observatory”). During the reign of Emperor Kangxi and Emperor
Qianlong of Qing, the western missionaries Ferdinand Verbiest, Kilian Stumpf and Ignaz Kogle
successively designed eight large bronze astronomical instruments which were the Equatorial
Armillary Sphere, the Ecliptic Armillary Sphere, the Celestial Instrument, Sextant, Quadrant
Muralis, the Horizon Circle, the Altazimuth, and the Elaborate Equatorial Armillary Sphere. After
the Revolution of 1911, "Guanxiang Tai” was renamed "Central Guanxiang Tai" and later "National
Museum of Astronomy” in 1929. From the 7th year of the Zhengtong Period of Ming to 1929, the
Ancient Observatory had been engaged in astronomical observation for 488 years, the longest
standing record for continuous observation among the extant ancient observatories. The Ancient
Observatory has long been enjoying a good reputation worldwide for its completeness in structure
and instrumental equipment. In addition to the Chinese tradition in the aspects of modelling,
pattern and fabrication, the eight bronze instruments made in the Qing Dynasty also reflect the
post-Renaissance achievements in the large astronomical instruments in aspects of scale, table
and structure. These astronomical instruments are historical testimony to the scientific and
cultural exchanges between the East and the West.
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Illustration of Astronomical Instruments by Ferdinand Verbiest
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The Celestial Instrument
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The Elaborate Equatorial Armillary Sphere
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Fine brushwork painting of the Assembly of the Sun, the Moon and Five Planets with 48.9 cm in length

and 1342.6 cm in width AR a
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The long-standing and splendid Chinese civilization has created the brilliant achievements in ancient
Chinese navigation techniques. The invention of the compass, the development of astronavigation of "star-
guided ocean crossing technique”, the manufacture of the spectacular "water-driven astronomical clock
tower” and the summarization of cartographic methods of "six principles of cartography” and "squared
map with grid system and scale” made important contributions to the development of world’s navigation
technologies. At the same time, forerunners at home and abroad opened up the ancient Silk Road and the
Maritime Silk Road by navigation techniques, which promoted economic and cultural exchanges and the
progress of human beings around the world.

The review of history is to better face the future. Today, the global satellite navigation and positioning
technology is flourishing. The Beidou Navigation Satellite System is dedicated to serve "One Belt One
Road" initiative. It is playing an increasingly important role in boosting unimpeded global trade, building

a community of shared future and promoting the common prosperity for all mankind.

217



EBERME (CIP) #hiE
FEAM 0 PEGERSMEAR © X %/ =E,
BRIk, XKEEGE . -- P9 PRSI,

2022.9

ISBN 978-7-5693-2204-0

L OF 1. O% O @ 1. O -
RS - Bl - #4833 IV, © TN96-092

FHERRA E B TE CIP #Efz (2021) 25 130884 5

B B  EEAE: PEHASER
QIANXING-SINAN: ZHONGGUO GUDAI DAOHANG JISHU

W B OE LK M XDkaE
REHRIE KM TED
HEERI ok
HARZIT  PHL2E KR

(PHLZ 4K 1 5 HEBZmAS 710048)
7] b http://www.xjtupress.com
! & (029) 82668357 82667874 (HWiimEH L)

(029) 82668315 (&i4i77)
& H (029) 82668280
Ep Rl PREIFENSHRAA
F & 889mmx1194mm 1/16  EHsk: 15.75  F#: 56 T%F
hROREDR 202249 A 1Rk 2022 4 9 A5 1 (REN
] =  ISBN 978-7-5693-2204-0
E ft  86.007C

WRAXFRE RINBFR



	空白页面
	空白页面



