2 1% Armillary Sphere (1:1)

EEENEBEXBANENGSR  TEEBTI/N -H -R=ZE - BINEBE A EE BAX
TFFE - e FPEMAEREBER  SREMES BEERRL -PEA=ZRE  #H
—EE - 0B BRFEBENEEREATA BREUSEMEE  c AERDNEE - A
miEER - REMAMBEEEN  TEZRERNEBRBMHEE -

BERRZRERESURANANARGTERER  YICKEZEANEBNEE -

The Armillary Sphere is an astronomical instrument for
measuring the position of celestial objects. It comprises
three sets of rings. The outermost one is called the
Liuheyi (Sphere of the Six Cardinal Points) which
consists of the Meridian Circle, Horizon Circle and
Fixed Equatorial Circle welded together securely
on a supporting framework. The middle one is
the Sanchenyi (Sphere of the Three Stellar
Objects) with its four components, namely, the
Solstitial Colure Circle, Equinoctial Colure
Circle, Mobile Equatorial Circle and Ecliptic
Circle joining together and rotating as a whole
around the polar axis. The innermost set which

can rotate within the Sanchenyi around the
polar axis is called the Siyouyi (Sphere of the
Four Movements) with the Hour-angle Circle,
Celestial Axis and Sighting Tube.

This is a replica of the Armillary Sphere of the Yuan
Dynasty (1279-1368) which was reproduced in the
Ming Dynasty (1368-1644) and is currently locating at
the Purple Mountain Observatory in Nanjing. It has been
adapted for use at the latitude of Hong Kong.
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FLAHMEESE MESDNE65LE  KTEER NMIEZNENTH=X
(hEERE—EHERISUA - HEA  H24B - ANEL129F

AZEEEA365UE) Horizon Circle
Meridian Circle A horizontal ring with 4 wei, 8 gan and
A vertical split ring along the north-south 12 zhi (totalling 24 cardinal points)

inscribed on the outer surface and 12 fenye

direction with graduations of 365% degrees ; . -
(kingdoms and regions) on the inner surface

on each side (As the ancient Chinese determined
that there are 365% days in a year, the full
circumference of the sky is assigned as
365" degrees)

NEE
Sphere of the
Six Cardinal Points

REREE
HRRRIRIRE -
tA+=RR—84
HMXBRAR
Fixed Equatorial Circle
Corresponding to the celestial
equator with graduations of
100 marks for 12 double hours,

so also called the ring of 100 marks
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ERABTREESKREINMFAEBREAEMNES S ERFERH EAHEN T
NE BRFREBSEER TERFEEEDNAGE  ITENEBRENEEE  UREH

RERERNE -

—7oHE =HEE
FHRREIEBRNEEE HEEENER
EORMDHNER RINE S BIZAE
Equinoctial Colure Circle ZHN\ERZTHEHR
A ring passing through Ecliptic Circle
the celestial poles 1t A split ring

a??heqéjirl'nlo?es North corresponding
of the Ecliptic to the ecliptic with
Circle 28 lunar mansions
and 24 solar terms

-z marked on the
MmitmEs inner surfaces
FHEEEEE o

g%z%— ] b IR E B
T & f K R EI G 8 Soutn L
ZI¥ AKX 1825/E FE - L=+

WEBMERE
Mobile Equatorial Circle
Corresponding to the
celestial equator with

Solstitial Colure Circle
A north-south split ring
intersecting with the solstices of
the Ecliptic Circle and having = E 1;%
graduations of 1825/8 degrees for markings of the names
half circle which start from the Sphere of th_e and boundaries of
south celestial po|e on each side Th ree Ste”al’ ObjeCtS the 28 lunar mansions
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Operation

To measure the coordinates of a particular celestial object, we first use the Sighting Tube to locate
the first determinative star to the west of the target. Then rotate the Mobile Equatorial Circle so that
the determinative star aligns with the mansion it belongs. After that, use the Sighting Tube to observe
the target star. Its celestial coordinates, namely, the “mansion extension” and “polar angle”, can then
be read from the Mobile Equatorial Circle and the Hour-angle Circle respectively.

REh

e R A R R
kA EBEEHR
HA L EE
Celestial Axis

A split bar along
the polar axis allowing
the Sighting Tube to
turn on its centre

ipi2e

I EER L

RRBREBABZ ) BE

¥ EKR1825/8F RAFKEY  +ME
BEILEAMK %S

Hour-angle Circle

A north-south split ring Sighting Tube

with graduations of 1825/8 ZE 'f%% A‘ rectar?gular tube
degrees for half circle P;EI 3 with a circular hlole
starting from the S p here of the at the centre serving

south celestial pole as a pointing device

Four Movements
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PEETRNFREERRASU [ABE] M [EEBE] REFR - FEABRFEMEEZS A
“tHN\E BEE-EEE XRENABERERABECAQMEMHNEENFEES &
BEARERABERRILEHKS -

In the ancient Chinese equatorial coordinate system, the positions are expressed in mansion
extension and polar angle. Ancient Chinese divided the region along the celestial equator into
28 lunar mansions from each of which a determinative star is chosen as a reference. The mansion
extension of a celestial object is the difference in right ascension between the object and its nearest
determinative star to the west while its polar angle is the angle measuring from the north celestial pole.

KERJEHR North celestial pole

PN
Celestial
object

BE

Determinative

ABE
Mansion
extension
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Traditional Chinese Naming for Directions

yLoN

ki3

4 wei (dimension)

NF
8 gan (stems or
Heavenly Stems)

East

+=%
12 zhi (branches or
Earthly Branches)

—t WA

24 cardinal points




1265 /R 53 B 100X ?

BEERI R - EMERE  SRERA-PA(—DNBEERAD Z—KZA) - H128
fRE100KZ -

125 /R x BIFR2BFER x 4RZ1/M (12 x 2 x 416 K %) = 100K %

How to divide 12 double hours to 100 equal parts (ke)?

Each double hour is divided into two hours: the initial and central one. Each hour is represented by 4
big marks and 1 small mark (meaning 1/6 of a big mark). Therefore 12 double hours can be divided
into 100 marks.

12 double hours x 2 hours per double hour x 4 big marks and 1 small mark (12 x 2 x 41/6) = 100 big marks

+oBR B F
12 double hours chou (01h-03h) zi (23h-01h)
E B IE |
central initial central initial
Y ! T I
I I
1/NZ= 16 K% 4K A
1 small mark = 1/6 big mark 4 big marks
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Traditional Chinese Naming for Time

+oER 12 double hours BAREE (K)
time (hour)
7 zi 23-01
H chou 01-03
= yin 03-05
g mao 05-07
= chen 07-09
B si 09-11
fas) wu 11-13
x* wei 13-15
=3 shen 15-17
i) you 17-19
® xu 19-21
£ hai 21-23




=+ 3R Gnomon (1:2)

EXRRPEASTELURRHENRESR B[R] M [E£] A - REEVUWET £
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B 1F
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HZ— B

FHRECHRMRNERBERYS  LRARE  dEF-EL - EFH - KB
KBEAHIER  EUERANERFNRE - RNSR  EESERETE - FAEL
mEM—ELE REHENLTLAXNETEEHRIEAR

The gnomon is the oldest and simplest astronomical instrument used in China. It is composed of a
vertical biao (gnomon) and a north-south aligned ruler gui lying horizontally to measure the length
of the gnomon’s shadow projected by sunshine. The gnomon can be used to determine the direction,
length of a year and dates of the solar terms, etc. This is the replica of a gnomon produced in Ming
Dynasty which is currently displayed at the Purple Mountain Observatory in Nanjing.

Operation

The day at noon with the longest shadow is the winter solstice while the one with the shortest shadow
is the summer solstice. However, this only applies to the regions to the north of the Tropic of Cancer.
The day with the shortest shadow does not fall on the summer solstice for places located south of
the Tropic of Cancer like Hong Kong.
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Want to Know More

The gnomon of the Ming Dynasty (1368-1644) was modified in the Qing Dynasty (1644-1911) with an
increase in its height. Atop the gnomon was a copper leaf with a round pinhole. At noon, sun ray
reached the gui through the hole so that the length of the shadow of the gnomon could be measured.
As the height of the gnomon was increased, the gui was not long enough for measurement. So an
additional standing gui was erected at the northern end of the gui. Since then, the total length of the
gnomon’s shadow could be computed by simple geometry.

REBR
total length of e
shadow of gnomon height of gnomon
=R xS YEES
length of gui height of gnomon ~  height of shadow
& —

on standing gui

biao (gnomon) -~
=~
~
7 A
_ ~
~
-
/ -
3 E ~ - ES
i i ~ height of gnomon
standing gui -
P
—\‘_L 3:: %2 _I% ““““““ -\--------------=--- qoottttemmmm----
height of shadow ~ < = .
on standing gui _ = _ _ _ _ _ _ length of gui '
= qui

HHRR

total length of shadow of gnomon



778 1\, H £ Equatorial Sundial (1:1)

FREAFE(F (8] JHEEN-—REHEX  -ZEERKEIE  EHEERNEME - FERX
FENEHEBRFERFT  NEENENBSERVEREEREE -
HHZRRBELRAHEANBANFEIZ2GH YEREZBANTEBEE -

E 1F

AGRHEHE  RAERSELWREEVENERNREE -EESIERSHH  ABERH
BE2EEOHE) MR EESHEASREEE(FEE) -

An equatorial sundial is composed of a template with time markings and a stylus erected perpendicularly

to the template. The template is parallel to the equator, i.e. inclined at an angle of 90 degrees minus the
latitude.

This sundial is a replica of the one placed outside the Hall of Supreme Harmony in the Imperial Palace in
Beijing with adaptation made by referencing to the latitude of Hong Kong.
Operation

Read the time from the shadow cast on the template as the Sun shines on the stylus. Between the vernal
equinox and autumnal equinox, the Sun casts its shadow on the northern face of the template. During the
period between the autumnal equinox and vernal equinox, the Sun casts its shadow on the southern face.
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I~ 38 Equator

ih 3R
Earth

ik
North
\
N BEZREFABAME
,S’ 0
‘\%. xR Direction of the Sun at noon
\ﬁ%@ during summer solstice
\
\
‘OB
\ Stylus
\Y
2H(FTHREM)
Template (parallel to equator)
#2 £ Latitude ’é
\
3
> “Q REZFEFXBGHMG

\  Direction of the Sun at noon
\ during winter solstice
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TG% o Lo - WHRU235EEARRGLHE » EFED KK MWL - KISENNFEE
T HEEDEFEANRERTFUNEER  MEEERLEMELE - KBFITRFE
B EEDEFABENREBFPUNEER -AEER-KEANRDBHEEEADHEE
BB ARFHAGHUERARFRE - B2ETRHEBOIER -

FERRASBBHNEABKERDFHRARWEERRS  EAMANLRERE » 8119
RERKEZNHE -

Want to Know More

The time obtained from the sundial is called the “true solar time” which may be different from the
watch time. This is because the watch time can be considered as a reading obtained from a fictitious
Sun moving along the equator at an average speed. In addition, different regions within the same time
zone have the same watch time.

The sundial, however, displays the true motion of the Sun. The Earth orbits the Sun in an ellipse and
thus at an uneven speed. In addition, due to the Earth’s axial tilt of 23.5 degrees, when the Sun
crosses the equator at both equinoxes, it is moving at an angle tilted to the equator. Therefore the
projection of this tilted motion onto the equator is slower than its mean motion. However, when the
Sun is at both solstices, it moves parallel to the equator. Therefore the projection of this parallel
motion onto the equator is faster than its mean motion. Even within the same time zone, people in
areas to the east would find that the Sun is in a more westward direction as compared to that viewed
by people in areas to the west. So, the sundial time in the eastern part of a time zone would be faster
than that in the western part.

To convert the watch time from the true solar time, we need to make two adjustments as mentioned
above, namely, the equation of time and longitude adjustment.
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" 5 B £ F3 E Equation of Time Adjustment
2 8 Minutes
15

10
1/

0 /

. /
N

-15

-20
1 2 3 4 5 6 7 8 9 10 11 12

B 1 Month
FHIEH - A2KE + YHERE + KEZE

Watch time = Sundial time + Equation of time adjustment + Longitude adjustment

AXNAENEREARL1143E  HEBRKENZELERL120EHEES.7E » U360E
HER24/NEFHE  BREZR+22.858 o

BlaE7 1B REBESNHERENA+3.55E » MAZBETRNERZEF 126 8l
FHEMEATF120526.370 (BN128F + 3.57088 + 22.8794&) o

The longitude of the Astropark is 114.3°E, having a deviation of 5.7° from the standard meridian of Hong
Kong of 120°E. As 360 degrees correspond to 24 hours, the longitude adjustment is +22.8 minutes.

For instance, on 1 July, the equation of time adjustment is +3.5 minutes from the above graph. If the
sundial shows 12 noon, the watch time should be 12:26.3 pm (i.e. 12 hours + 3.5 minutes + 22.8 minutes).



2 2 Star Dial (1:1)

EENBAIRE RERBAABAEENERZN-BHRHIA - LEZRREBHKAN
REHERRE > AHERYREBETR -
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BEARKZENEECHIEERE)  EMERRAT  BEHXRFAENESEFNEL -

The star dial, also called the pole-star dial, is an instrument for determining the time at night by
observation of stars. This star dial is reproduced according to the records of the Ming Dynasty
(1368-1644) but the original artifact was in existence no more.

The star dial is composed of two concentric discs. The outer disc has time markings while the inner
disc has graduations of the circumference of the sky, listing the 12 zodiacs and 24 solar terms and
having a slit for alignment of stars in the middle.

Operation

Align the central of the double hour zi (midnight, Chinese character is “F”) of the outer disc with the
suitable solar term of the inner disc. Turn the dial so that Kocab (3 Ursae Minoris) and Polaris
(0. Ursae Minoris) can appear in the silt at the same time. The time could then be read from the
pointer.
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/N B
Ursa Minor

SKBEH
Today’s date
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HEZ2EFRANRRBHESANEHERE -

Want to Know More

Circumpolar constellations such as the Ursa Minor revolve around the Polaris once about every 24
hours. The star dial makes use of this motion and has graduations of 24 hours evenly marked on the
dial surface so that turning the star dial for alignment with the Ursa Minor will tell the time.

However, as the Earth has not only rotation but also revolution, constellations will appear 4 minutes
earlier each night than the previous one. To correct this daily difference, it is necessary to adjust the
star dial with the date (solar terms) dial.

O0000 | Solar Terms oo Date 00000 | Solar Terms oo Date
I & Spring Commences | 2348 4 Feb &3 Autumn Commences | 8 488 8 Aug
[EEIN Spring Showers 28198 19Feb | B2 End of Heat 8H23H 23 Aug
B3 Insects Waken 3A6H 6 Mar BE White Dew 9A8H 8 Sep
= Vernal Equinox 3A21RH 21 Mar | }5 Autumnal Equinox 9A23H 23 Sep
b Bright and Clear 4850 5 Apr =g Cold Dew 1088H 8 Oct
BW Corn Rain 48208 20 Apr | FER& Frost 108248 | 24 Oct
YE Summer Commences | 586 H 6 May pES Winter Commences | 11B8H 8 Nov
N Corn Forms 5A21RH 21 May | NE Light Snow 118228 | 22 Nov
' Corn on Ear 6H6A 6 Jun XE Heavy Snow 12878 7 Dec
Bz Summer Solstice 6A21H 21Jun | & Winter Solstice 128228 | 22 Dec
Ng Moderate Heat 7TATH 7 Jul NE Moderate Cold 1H6H 6 Jan
RE Great Heat 7H238 23 Jul RE Severe Cold 1A20H 20 Jan

TR EHEERE-—X -

Dates of the solar terms may vary by one day.
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N
Revolution — X% BEERA—X
HERA L E RAnEHR

Position of Earth The star appears 4 minutes

after one day 5(1’@- & earlier than it did
N\-\&\\Q’ in the previous night

€I,
otation .
F®

Midnight



H £ Moon Dial (1:1)

RAENEZREE REBBAARUEMNSHRBZNIFES HAZRRERENRLR
HEREZWABERTA -

AE2ARMERVCEZMFOBRA=ZEHRIAR - TREAKZAR A6+ =FK - L8S
A% AB30KK360E @ WHEOENE FHAEH—Hk -

& 1F

ERBEREASNELAURMEEE  B2R (AERKER) BERBEEHLEAESE
MEELE RERRAERTHABREAMBRABES  EEXREARK-ERKE  {E
REFAE FFAENVEEREZ -

HZ—RhE

ARBRTBREMBRBEMRATEZN O EAERBIRNE - EHBA —BFIIEHI8D
o TRHRARNNEZHELY  MECHEBBNPELRKSE - UBARHHIRKERB
BRUAUEERA - AUSEARBERMEREE  REAB A AIRBEERNEEZ -

The moon dial or lunation dial was a chronometer based on observation of the position of the Moon.
This one is a replica of the instrument displayed outside the Palace of Benevolent Tranquillity in the
Imperial Palace in Beijing.

The moon dial is composed of two concentric discs and a vernier. The lower disc is the time disc with
graduations of 12 double hours. The upper disc is the Moon phase disc with markings of 30 days and
360 degrees. A pointer extends from the location at zeroth degree.

Operation

Align the moon dial along the meridian and adjust to the correct latitude. Rotate and fix the vernier at
the corresponding degrees on the Moon phase disc according to the table of lunar angular distance
to the Sun. Then turn the Moon phase disc and the vernier together by the pointer until the vernier
aligns with the Moon. The time can then be read along the pointer on the time disc.
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Want to Know More

The Moon rises and sets daily like the Sun due to the Earth’s rotation. In addition, the Moon revolves
around the Earth, resulting in its appearance delayed by an average of 48 minutes each night.
However, as the orbit of the Moon is an ellipse and the orbit is tilted, the time of moonrise and moonset
can vary greatly from day to day. Therefore adjustments must be made in accordance with ephemeris
so as to use the moon dial accurately.

i
Vernier
-
-
-~ N
Bx iE “Fngon 12:00 Y, P A
Pointer Pad Moon
Bias
Moon phase disc
H% ZU ﬂ% Full Moon
Time disc 180°
/
$ 7/':&/77/‘:1/7/3;/71 0:00 \
N o0-mE
| 90°- latitude
it __  _Thm—m—e— ______ . _______ 2]
North South
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0 1% Upward Looking Bowl Sundial (1:3)
MBEERREXBRBIHARNETES  AURIABLESLRBEAEE -

MEETEE-—FAECHIKNPEER  AN-—SE0RNBF -BRBAE-THEL &
BABREEER - MEEHA-—BEFFEAHRL  RigRE-RUDBEIERRAESHHH
W mPE—DIL - HERMERNDOE -

B 1F

B EDRRZHEBEAEENVE  KABEBENMEGRESERL  tMmEEERKX
BHUBEEER  WAHEKER - WANEERE  BRHIARGAEREENBRNBE
BERIREEEANEBANSNY  BREUNREZEBEERIUNGK -

The upward looking bowl sundial was an astronomical instrument designed by the astronomer Guo
Shoujing of the Yuan Dynasty (1279-1368) for observation of the Sun to determine the time and for
viewing of solar eclipse.

The main body of this sundial is an empty hemispherical bowl facing upwards which is around
3 metres in diameter. The rim is engraved with 24 cardinal points and the inner wall with a grid of
equatorial coordinates. A rod extends from the southern rim to the centre of the bowl with a rotatable
plate at the end which can turn along the north-south and west-east directions freely. The plate has
a small hole corresponding to the centre of the sundial.

Operation

Turn the rotatable plate until it is perpendicular to the Sun so that the sunlight passes through the
hole and projects on the grid. The position of the Sun and the true solar time can be read directly from
the grid. During solar eclipse, the progress, magnitude and time and position of different phases can
be measured easily with the projection on the grid. The hazard of looking at the bright sunlight
directly can thus be avoided.
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#h ¥ H 2 Horizontal Sundial (1:1)

¥ HE2HKFH2EMMENNSHER - ZARNANEEZZ2HNER  BERALXRE -

ERBEEREZESUANANAR BB THER LA HSERMAK -

2 {F
BASANEEEELNABREY  EABHEMN -
HZ—

WwFEEER ELRBFERBNBERYEE—KFEL  FAUEEH
AR I IEF I D e o

The horizontal sundial is composed of a horizontal template and an inclined ;
stylus. The inclined side of the triangular plate acts as a stylus pointing at //

the north celestial pole. This instrument is a replica of the horizontal Vi

sundial of the simplified armillary sphere designed by the astronomer /

Guo Shoujing of the Yuan Dynasty (1279-1368) which is now placed Vi

at the Purple Mountain Observatory in Nanjing. // ,
. / /

Operation S aE_ /)

Time can be obtained by observation of the projection s Latitude /| /7
/ /
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HAEEE B HHFABENNBHIEARE ABEIYBEAGEE 18149
SIS TR o

Just like the equatorial sundial, the time obtained from the horizontal sundial is the true solar time.
Adjustments in equation of time and longitude have to be made to give the watch time.

19 8% Z F % Equation of Time Adjustment

ik X & 2 #& Minutes
North celestial pole 15
p T—
N 10
RERE2 /
Equatorial sundial 5 v

of the inclined plane on the template.

Want to Know More

Actually, the horizontal sundial is a
projection of an equatorial sundial on
a horizontal surface. So the time
markings on the template are

not evenly distributed. |
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FEIGHE = B2/ + GFEHE + KEE(22.8718)

Watch time = Sundial time + Equation of time adjustment + Longitude adjustment (22.8 minutes)

Horizontal sundial



1IF 73 2 Direction Determining Table (1:1)
FAREHARANEBRFTFHARNKES > ALUAESBAREE ©
FARAE—REAFEFER  BEBEKEUEKFE - FLER—BEHNREA) BFLEES

19BZEHOR LB -
& 1F

REFME  FREFEKTFHBER - LFEHHE  FRBERNAZEZIIEAEEHER

B EAXEM—ER  REME

RERRENE_E  FZEEXBMEARE  §——

MEREE - E&M - RENBZEFRERBEXFON EERRT - &E - £8EKE
RAMSCHEE  RPBUBEESR  ESHELSEE -

AERER  EEFERPLE
MREXEL » DRIRKRKE
RRFELE  BEEFRRA
ERBELETRE-FT8
ERESHEXRME - S5
RERE - EZERKBHIM -
BEFREEHEBHEFT
FHAEH ERELEFEEF
TR EREPORREBAXE
Bl - E o LWRP LB
BERESR B=ZHHNE T
EEZ2 -LBENSEEREH
BE -

EERF KRG
The Sun at
summer solstice

Celestial equator

XERFKRB EHRTA
The Sun a.t :i:é; Inclination of
winter solstice s - the ecliptic
. KRB

BEEE
Finding
the Latitude

2 Latitude

North celestial pole
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The direction determining table is an astronomical instrument designed by the astronomer Guo
Shoujing of the Yuan Dynasty (1279-1368) to determine the direction and latitude.

It is a square plate surrounded by a trench for levelling. A pole is erected at the centre. A total of 19
concentric circles of equidistance are engraved on the plate.

Operation

To determine the direction, lay the table horizontally. After sunrise in the morning, mark the
intersection formed by projection of the pole top and the outermost circle to the west. One after
another, mark all intersections formed between projection (shadow) of the pole top and all the
concentric circles. Similarly, mark all intersections made between the circles and projections of
the pole top to the east in the afternoon. Lastly, join the two intersections on each circle for all
the 19 circles. Bisect the lines and join their mid-points will give a line showing the north-south
direction.

To find the latitude, draw two perpendicular lines representing the pole line and the equator
at the centre of the table. Then draw two lines parallel to the equator line on each side with a
separation equal to the inclination of the ecliptic. Each of the lines will intersect with two points
on the outer circle, representing the directions of the Sun at summer and winter solstices. Hang
the table vertically along the meridian plane. At noon on either solstice, attach three pegs
separately at the centre of the table and the two intersecting points. Rotate the table on the
centre until the shadows of the three pegs align. The then inclination of the pole line is the latitude.

AE R [
Determining
the Direction
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Hh .
A8 H £ Human Sundial
ERNo B ERBRNERS  HEERNAESGD  REBEMNKREERNER -
Stand with one foot on each side of the centre line at the current month. Then read the time

from your shadow.

7 #2 Minutes 1) B = F8 2 Equation of Time Adjustment
15
-
10 |4 1IN
5 ,/ \ //—\
0 \ pd /l

. S 7
N

'15 N~
-20

1 2 3 4 5 6 7 8 9 10 11 12
B 19 Month

FHRIEM - D2HH + YBHZREE
(EEEZBEARBBNAEST HETSEFEXAS)

Watch time = Human sundial time + Equation of time adjustment
(Longitude adjustment is already made on the time markings of the human sundial.

Please see the equatorial sundial for details)
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