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This study examines the scale unique instruments used for astronomical observation during the Joseon dynasty. The 
Small Simplified Armillary Sphere (小簡儀, So-ganui) and the Sun-and-Stars Time-Determining Instrument (日星定時儀, 
Ilseong-jeongsi-ui) are minimized astronomical instruments, which can be characterized, respectively, as an observational 
instrument and a clock, and were influenced by the Simplified Armilla (簡儀, Jianyi) of the Yuan dynasty. These two 
instruments were equipped with several rings, and the rings of one were similar both in size and in scale to those of the 
other. Using the classic method of drawing the scale on the circumference of a ring, we analyze the scales of the Small 
Simplified Armillary Sphere and the Sun-and-Stars Time-Determining Instrument. Like the scale feature of the Simplified 
Armilla, we find that these two instruments selected the specific circumference which can be drawn by two kinds of scales. 
If Joseon’s astronomical instruments is applied by the dual scale drawing on one circumference, we suggest that 3.14 was 
used as the ratio of the circumference of circle, not 3 like China, when the ring’s size was calculated in that time. From the 
size of Hundred-interval disk of the extant Simplified Sundial in Korea, we make a conclusion that the three rings’ diameter 
of the Sun-and-Stars Time-Determining Instrument described in the Sejiong Sillok (世宗實錄, Veritable Records of the King 
Sejong) refers to that of the middle circle of every ring, not the outer circle. As analyzing the degree of 28 lunar lodges (lunar 
mansions) in the equator written by Chiljeongsan-naepyeon (七政算內篇, the Inner Volume of Calculation of the Motions 
of the Seven Celestial Determinants), we also obtain the result that the scale of the Celestial-circumference-degree in the 
Small Simplified Armillary Sphere was made with a scale error about 0.1 du in root mean square (RMS).

Keywords: astronomical instrument, ring’s scale, ratio of the circumference of a circle, Celestial-circumference-degree ring, 
Hundred-interval ring, Joseon

1. INTRODUCTION

During a 5.5 year period that started in 1432, King Sejong 

(r. 1418-1450) and his officials made 15 kinds of astronomical 

and timekeeping instruments. Some instruments were 

reconstructions of instruments that had previously been 

made in China, and others were created by using designs that 

blended various functional parts and applied them toward a 

specific aim (Mihn et al. 2015). Among the newly-developed 

instruments, the Small Simplified Armillary Sphere (小簡儀, So-
ganui) and the Sun-and-Stars Time-Determining Instrument 

(日星定時儀, Ilseong-jeongsi-ui) are the representative ones in 

the Joseon dynasty. 

The parts structurally integrated in the Small Simplified 

Armillary Sphere and the Sun-and-Stars Time-Determining 

Instrument and how to use them has been previously described 

based on records in the Sejong Sillok (世宗實錄, Veritable 

Records of the King Sejong) (Needham et al. 1986). It has been 

pointed out that the major parts and its function of these two 

instruments originated from the Simplified Armilla (簡儀, Jianyi) 

of the Yuan dynasty (Kim et al. 2012). Nha et al. (1994) and Lee 

(1996) have investigated the Simplified Armilla remained in 
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China and suggested a Joseon period reconstruction model of the 

Simplified Armilla. Lee & Kim (2002) gathered records about the 

Small Simplified Armillary Sphere and analyzed its structure. 

Lee et al. (1995) reviewed the function and specifications of 

parts of the Sun-and-Stars Time-Determining Instrument, 

while Lee & Nam (1998) proposed its reconstruction model and 

explained the possibility of the association with the Automatic-

striking Clepsydra (自擊漏, Jagyeok-ru). Nam (2002) has asserted 

that the Sun-and-Stars Time-Determining Instrument was used 

to adjust time of the Automatic-striking. Rufus (1936) has first 

introduced two instruments that are similar to the Sun-and-

Stars Time-Determining Instrument, and Song et al. (1994) has 

reported their specifications. 

It has been contended that the ring’s size of Joseon period 

astronomical instruments was appropriately selected to 

draw the scale on the ring’s circumference (Mihn et al. 2015). 

Though several cases have been studied, there have been no 

conclusions reached about the association between a ring’s 

size and its scale of the Small Simplified Armillary Sphere 

and the Sun-and-Stars Time-Determining Instrument. The 

ring diameters of the Small Simplified Armillary Sphere are 

analogous to those of the Sun-and-Stars Time-Determining 

Instrument, and the scale reveals such similarity. These 

points enable us to grasp the characteristics of the ring’s size 

of those instruments as well as their scales. The specifications 

of the Sun-and-Stars Time-Determining Instrument are 

confirmed in the Sejong Sillok, while those of the Small 

Simplified Armillary Sphere are established in the Gukjo-
Ryeoksang-Go (國朝曆象考, Reference for Astronomy and its 

Calendar of Our Country) (Lee & Moon 2004). The type of the 

ring scale can be seen from the ring’s name described in the 

inscription and the memoir of the Sejong Sillok (Needham et 

al. 1986).

 We explain the scale drawn on the ring in Section 2, and 

analyze the scale’s characteristics and error of the Small 

Simplified Armillary Sphere and the Sun-and Star Time-

Determining Instrument in Section 3. In Section 4, we make 

some conclusions on the three rings featured on these two 

instruments of the Joseon dynasty.

2. RING’S SIZE AND SCALE 

2.1 Specification and Graduations

The Small Simplified Armillary Sphere and the Sun-and-

Stars Time-Determining Instrument were first made in 1433 

and 1437, respectively, under the reign of King Sejong of 

Joseon. Both two instruments have all three rings, with the scale 

engraved on each. The instruments can be characterized as 

observation instrument and clock, respectively, by extracting 

the corresponding function from the Simplified Armilla (Kim et 

al. 2012).

Mihn et al. (2015) summarized the specifications of the 

Small Simplified Armillary Sphere and the Sun-and Star 

Time-Determining Instrument in detail. The Sun-and Star 

Time-Determining Instrument has three concentric rings 

which are placed on the equator; the Celestial-circumference 

degree-and-fraction ring, the Sundial Hundred-interval 

ring, and the Star-dial Hundred-interval ring. The outermost 

ring is 2.00 ja (41.4 cm) in diameter and is also engraved by 

graduations of the Celestial-circumference degree, which 

is 365.25 du in a turn. The middle and the inner ring have 

Hundred-interval graduations with 1.84 ja (38.1 cm) and 1.68 
ja (43.8 cm) in diameter respectively (Mihn et al. 2015). The 

scale of the Hundred-interval comes from 12 double-hours 

and 100 intervals per day in Chinese astronomy.

The Small Simplified Armillary Sphere also has concentric 

rings; two concentric rings and the other ring perpendicular 

to them. On the equatorial plane, the Hundred-interval 

ring is fixed within the equatorial ring. The former is 1.84 ja 
in diameter and the latter is 2.00 ja (Mihn et al. 2015). It is 

different from that the fixed Hundred-interval ring of the 

Simplified Armilla is out of its equatorial ring (Lee 1996). 

The declination ring of the Small Simplified Armillary 

Sphere is perpendicular to the equatorial plane but identical 

to the equatorial ring in terms of the size and the scale. 

The equatorial ring has the scale of 28 lunar lodges as well 

as Celestial-circumference degree, while the declination 

ring has a half of the Celestial-circumference degree scale 

on each of the two semicircles, which is divided by the 

two poles; the North pole and South pole. The analysis of 

the connection between a ring’s size and its scale is made 

only with those of the Sun-and Star Time-Determining 

Instrument, which is greatly similar to aspects of the Small 

Simplified Armillary Sphere. 

2.2 Shape

There are two shapes of rings historically employed in 

astronomical instruments of Korea and China; one is a thin 

flat ring which resembles a washer like Fig. 1(a) and the other 

is a thin band ring like Fig. 1(b). Because the ticks for scale 

were drawn on the circumference of the ring (Mihn et al. 

2015), a thin flat ring has at least two circumferences of an 

outer diameter and an inner diameter on which t scales can 

be marked (see the Fig. 1). In this paper, the inner, the middle, 

and the outer circumference of a thin flat ring are considered.

The specifications of a ring are expressed as diameter, 

width and thickness. In the Chinese literature, the diameter 
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means the outer diameter, regardless of whether it is a thin 

flat ring or a thin band ring. The inner diameter of a thin flat 

ring is determined by subtracting two times the width from 

the outer diameter. In the same way, the inside diameter of 

a thin band ring is determined by subtracting two times the 

thickness from the outside diameter, and is negligible if that 

thickness is small.

An example of a thin flat ring is the three rings of the Sun-

and Star Time-Determining Instrument as well as the Small 

Simplified Armillary Sphere. Because the diameter and width 

of the outermost ring are 2.00 ja and 0.08 ja, respectively 

(Mihn et al. 2015), it can be easily seen that 1.84 ja is the inner 

diameter, which is equal to the size of the next inner ring at 

the same time. The inner diameter of the middle ring is also 

identical to the (outer) diameter of the innermost ring.

An example of a thin flat ring is a Chinese armillary sphere 

(or Ptolemaic armillary sphere), which was mainly made 

by Joseon Neo-Confucians out of bamboo or other wood. 

A Chinese armillary sphere usually formed in two or three 

layers; the outermost layer to fix the polar axis, the middle 

layer to move objects such as the sun and the moon, and 

the innermost layer for viewing stars. The outermost layer is 

united by a meridian (double) ring, an east-west or equatorial 

ring and horizontal ring. The middle layer combines a 

solstitial colure, an equinoctial colure, an equatorial ring, 

an ecliptic ring and so forth. Each layer is formed a sphere 

as joining several points of each ring. The innermost layer is 

placed by a declination ring.

2.3 Scales on the Circumference

In pre-modern China and Korea, the scale of rings was 

directly drawn on the circumference by splitting the necessary 

ticks equally, rather than using a protractor (Mihn et al. 2015).  

 d aκ
=
Π

 [ja] (1)

Here d is the diameter of a circle, a is the size of the unit 

scale. ∏ means the ratio of the circumference to the diameter, 

for which 3 was used in China but is more accurately π = 

3.141592…. κ is the ratio of division which is 100 in Hundred-

interval scale, and is 365.25 in Celestial-circumference degree 

scale.

In the past China it is actually convenient to select a ring’s 

diameter of which circumference can be divided into the 

Celestial-circumference degree or the Hundred-interval 

graduation. However it is not easy to use only an integer times 

circumference when many rings are entangled with each 

other or an instrument itself is miniaturized like the Sun-and-

Stars Time-Determining Instrument.

When we work on the premise that na m= , where n and 

m are all integers, Eq. (1) is changed to the following.

 

  
1 nd
c m
κ

=
Π

 (2)

Here, c is the unit conversion constant if c=100, and the 

unit of a (or n) changes from ja to pun. (1 ja = 10 chi = 100 

pun ). For example, where κ=365.25 [du], Eq. (2) means 

looking for d [ja] when it is n [pun] per m [du] and c=100. 

Table 1 shows diameters with the integer scale of unit length 

in Celestial-circumference degree (du) and the Hundred-

interval with regard to ∏ (Mihn et al. 2015).

2.4 Division of a Graduation 

Entering the 18th century, the nonius scale (橫截線) with 

a transversal line was introduced in Joseon. According to the 

Chapter ‘Armillas and Gobles (曆象)’ in the Gukjo-ryeoksang-

Fig. 1. The shape of the ring used in an armillary sphere. (a) A thin flat ring can create 
many circumferences for scale, but (b) a thin band ring has a single circumference if its 
thickness is not broad.

(a) thin flat ring (b) thin band ring

dinside ≒ doutsided = {din, dmid, dout} 

the outside of the ring
(doutside)middle circle (dmid)

outer circle (dout)

inner circle (din)

the inside of the ring
(dinside)
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go, the Equatorial Armillary (赤道經緯儀) and the Horizontal 

Sundial (地平日晷) were made by Kim Yeong (金泳) in 1789 

(Lee & Moon 2004). 

The Equatorial Armillary has the median ring (子午規), 

the equatorial ring (赤道規) and the declination ring (四遊

規). The Median ring is the biggest ring and is drawn with a 

Babylonian 360-degree scale, which was brought from the 

West, rather than 365.25 du. Every degree is divided into 6 

parts on a transversal line. This transversal line for scale is 

used on instruments made by Tycho Brahe in Europe (Brahe 

1602; Chapman 1989) and then was brought into China by 

Catholic missionaries in the period from the late Ming to 

the early Qing. Jacques Rho (羅雅谷, 1593-1638) and Johann 

Adam Schall von Bell (湯若望, 1591-1666) in the Celiang 
quanyi (測量全義, Complete Definition of Measurements) 

had introduced this nonius scale and applied it to the 1/10 

degree scale of many instruments installed on the Beijing 

Old Astronomical Observatory (古觀象臺) (Zhang 2000). 

The nonius scale of Brahe’s instruments kept declination 

error within about 2´ in his observations (Wesley 1978).  

However, in the 15th century, when the Small Simplified 

Armillary Sphere and the Sun-and Star Time-Determining 

Instrument were manufactured, it was not known how 

to divide a graduation into several parts. A right-angled 

triangle might have been used to divide m du into n pun. 

How to divide m du into n pun is shown in Fig. 2. First, draw 

a right-angled triangle with a 3:4:5 length ratio to match the 

scale of n pun. Second, draw the m-1 lines parallel to another 

side from m-1 points every one pun of the m-pun side to the 

n-pun side of the right-angled triangle. Then, m  parts on the 

n-pun side can be made equally.

In the right-angled triangle with a 3:4:5 length ratio, 1 
du can be separated into the units of 3/5 pun, 3/4 pun, 4/5 

pun, 5/6 pun, 5/4 pun, 4/3 pun, and 5/3 pun. Since 1 pun is 

2.07 mm, if m-pun side is divided into 0.5 pun units, 1 du of 

n-pun side can be divided into 3/10 pun, 3/8 pun, 4/10 pun, 

5/12 pun, 5/8 pun, 3/8 pun, 4/6 pun, and 5/6 pun. Table 2 

shows diameters of the miniaturized rings with sub-pun 

scale for the Celestial-circumference degree by virtually 

drawing a right-angled triangle. 

3. RESULTS AND DISCUSSION 

3.1 Two Types of Scale on the Same Circle

It is considered that the Sun-and-Stars Time-Determining 

Instrument and the Small Simplified Armillary Sphere are  

astronomical instruments structurally simplified by trans-

forming the Simplified Armilla (Kim et al. 2012). The 

Simplified Armilla, which was first designed by Guo Shoujing 

(1231~1316), has a distinctive structure from an armillary 

sphere, also a traditional instrument in old China. The 

specifications of the Simplified Armilla, which are defined in 

the Astronomy Treatise of the Yuanshi (元史, History of the 

Yuan Dynasty), are extremely similar to its reconstruction 

in the Ming dynasty (Nha et al. 1994). In the Simplified 

Armilla, the equatorial ring is a inscribed ring about the 

Hundred-interval ring; with the former 6.0 ja in diameter and 

the latter 6.4 ja. According to the rubbing of the Simplified 

Armilla of the Ming dynasty (Nha et al. 1994), the Celestial-

circumference scale of the equatorial ring faces the hundred 

interval time scale of the Hundred-interval ring on the 

circumference of 6.0 ja in the diameter. In other word, the 

Celestial-circumference scale is carved on the outer circle of 

the equatorial ring and the Hundred-interval scale is done on 

Table 1. Diameter with a multiple integer scale of unit length in the 
Celestial-circumference degree (du) and the Hundred-interval as to ∏  
(see Mihn et al. 2015)

(a) Celestial-circumference 
degree (κ = 365.25) 

(b) Hundred-interval 
    (κ = 100)

κ [pun]
(c=100)

d [ja]
(∏=3)

d [ja]
(∏=3.14)

κ [pun]
(c=100)

d [ja]
(∏=3)

d [ja]
(∏=3.14)

 1 1.218 1.163  1 0.333 0.318
 2 2.435 2.326  2 0.667 0.637
 3 3.653 3.490  3 1.000 0.955
 4 4.870 4.653  4 1.333 1.274
 5 6.088 5.816  5 1.667 1.592
 6 7.305 6.979  6 2.000 1.911
 7 8.523 8.143  7 2.333 2.229
 8 9.740 9.306  8 2.667 2.548
 9 10.958 10.469  9 3.000 2.866
10 12.175 11.632 10 3.333 3.185
11 13.393 12.795 11 3.667 3.503
12 14.610 13.959 12 4.000 3.822
13 15.828 15.122 13 4.333 4.140
14 17.045 16.285 14 4.667 4.459
15 18.263 17.448 15 5.000 4.777
16 19.480 18.611 16 5.333 5.096
17 20.698 19.775 17 5.667 5.414
18 21.915 20.938 18 6.000 5.732
19 23.133 22.101 19 6.333 6.051
20 24.350 23.264 20 6.667 6.369

Table 2. Fractional division of the Celestial-Circumference degree 
scale (κ = 365.25) applied to the right-angled triangle

n/m
[pun/du]
(c=100)

d
[ja]

(∏=3)

d
[ja]

(∏=3.14)

n/m
[pun/du]
(c=100)

d
[ja]

(∏=3)

d
[ja]

(∏=3.14)
3 / 5 0.731 0.698 3 / 10 0.365 0.349
3 / 4 0.913 0.872 3 / 8 0.457 0.436
4 / 5 0.974 0.931 4 / 10 0.487 0.465
5 / 6 1.015 0.969 5 / 12 0.507 0.485
5 / 4 1.522 1.454 5 / 8 0.761 0.727
4 / 3 1.623 1.551 4 / 6 0.812 0.776
5 / 3 2.029 1.939 5 / 6 1.015 0.969
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the inner circle of its own ring. 

In Table 1, when ∏=3 and 1 du in the Celestial-circumfer-

ence degree is 5 pun long, then the diameter of that circle 

is 6.09 ja. Also, when 1 interval in the Hundred-interval 

scale is 18 pun long, then the diameter of that circle is 6.0 ja.  

The two diameter values calculated from the different scale 

system are similar to each  other and are comparable to the 

value reported by Nha et al. (1994). Moreover, as recorded 

by the Astronomy Treatise of the Yuanshi, every interval 

of the Hundred-interval ring was split into 36 parts and 

every du of the equatorial ring was divided into 10 parts in 

the Simplified Armilla. Dividing by 0.5 pun, every interval 

(1 interval = 16 pun) and every du (1 du = 5 pun) can easily 

make 36 parts and 10 parts, respectively. Meanwhile in 

Table 1, when ∏=3.14, the diameter of the Hundred-interval 

ring is 6.05 ja if 1 interval is 19 pun and the diameter of the 

equatorial ring is 5.82 ja if 1 du is 5 pun. This, while not 

impossible, is not as easy as dividing into 36 parts from 

19 pun as 18 pun in the Hundred-interval ring. It also has 

a significant difference of 0.18 ja (4.6 cm) between the 

recorded value of the equatorial ring of Yuanshi and the 

calculation in Table 1. 

3.2 Ratio of the Circular Circumference 

The Sun-and-Stars Time-Determining Instrument was 

designed to take advantage of the Hundred-interval ring, the 

equatorial ring as well as the Polar-fixing ring of the Simplified 

Armilla. It can be used to measure the nocturnal time by 

adding another Hundred-interval ring. In the Sun-and-Stars 

Time-Determining Instrument these were called the Sundial 

Hundred-interval ring, the Celestial-circumference ring, and 

Fig. 2. Dividing a scale by using the right-angled triangle with a 3:4:5 length ratio. 

(a) 3 pun per 4 du

(d) 4 pun per 5 du

(g) 5 pun per 6 du

(b) 3 pun per 5 du

(e) 5 pun per 3 du

(h) 5 pun per 12 du

(c) 4 pun per 3 du

(f ) 5 pun per 4 du

3 pun 4 pun3 pun

4 pun 5 pun

5 pun 5 pun

5 pun

1 du 1 du

1 du

2 du 4 du2 du 4 du2 du 4 du

1-
6

3-
12

3-
12

1-
6

1-
12

1-
12

1-
6

1-
6

1-
6

1-
6

2-
12

2-
12

1 du 1 du

1 du 1 du

1 du 1 du 1 du1 du

1 du 1 du

1 du 1 du 1 du

1 du1 du 1 du

1 du

1 du1 du

1 du

1 du

4 
pu

n

4 
pu

n

3 
pu

n

3 
pu

n 3 pun

3 p
un

3 p
un

4 pun
4 pun

3 pun

5 p
un

5 p
un

5 pun

5 pun
4 pu

n
4 pu

n
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the Star-dial Hundred-interval ring, respectively (Needham 

et al. 1986). Unlike the Simplified Armilla, the Celestial-

circumference ring is an inscribed ring about the Sundial 

Hundred-interval ring. As mentioned earlier, this alignment 

is the same as in the Small Simplified Armillary Sphere, in 

which the equatorial ring is also out of the Hundred-interval 

ring. As was described in the Sejong Sillok, every du of the 

Celestial-circumference ring was divided into 4 parts, and 

every interval of the two Hundred-interval ring was split into 

6 parts.

From the Simplified Sundial, it can be considered that the 

Hundred-interval scale is carved on the outer circle of the 

Sundial Hundred-interval ring of the Sun-and-Stars Time-

Determining Instrument (Lee et al. 2016). This artifact has 

a single ring with the Hundred-interval scale of which every 

interval has 6 divisions, like the description of the Sejong 
Sillok. This ring is 40.2 cm in outer diameter, 31.0 cm in inner 

diameter, and 4.52 cm wide, which can be converted to 1.94 ja, 

1.05 ja, and 0.22 ja individually. 

In the summary of Mihn et al. (2015), the three rings of 

the Sun-and-Stars Time-Determining Instrument are 2.00 ja, 

1.84 ja and 1.68 ja in diameter, respectively. In Tables 1 and 2, 

when ∏=3 and if 3 du is 5 pun, then the diameter of that circle 

is 2.03 ja. If one interval is 5 pun, then the diameter of that 

circle is 1.67 ja. In these cases, the Hundred-interval scale can 

be drawn on the outer circumference of the innermost ring 

or on the inner circumference of the middle ring as shown 

in Fig. 2(g) (see Fig. 3). The Simplified Time-Determining 

Instrument is the same structure as the Sun-and-Stars Time-

Determining Instrument (Lee et al. 2016), and the lateral side 

of a wheel and handle, on which three rings are located and 

maintained, is drawn with arbitrary lines dividing 1 du into 

4 notches. If the Celestial-circumference scale can be on the 

outer circumference of the outermost ring, it is convenient 

that these lines are easily drawn and compare with the outer 

ring’s scales. In the scale of 5 pun per 3 du, if 1 du is separated 

into 4 ticks, it is 0.42 pun (0.86 mm) per part. 

However when ∏=3, the circumference between the 

Celestial-circumference ring, that is the outermost ring, 

and the Sundial Hundred-interval ring, that is the middle 

ring, is not individually engraved with its own scale. In other 

words, the interfacial circle between the equatorial ring and 

the Hundred-interval ring of the Small Simplified Armillary 

Sphere has no scale. Differently from the example of the 

Simplified Armilla in Section 3.1, if ∏ is applied to 3 in two 

minimized Joseon instruments, then it is concluded that 

two kinds of scale cannot be drawn to one circumference 

of a circle. However, where ∏=3, Joseon astronomers could 

select two rings designed by each type of scale on one circle 

because it is 2.00 in diameter, if the interval is 6 pun. Then, 

the common circumference of the Celestial-circumference 

ring and the Sundial Hundred-interval ring is produced 

by a circle in the range of 2.00 ja to 2.03 ja in diameter. It is 

also beneficial to divide an interval into 6 parts where the 

interval is 6 pun. 

 Mihn et al. (2015) has suggested that Joseon astronomers 

calculated ∏ as 3 when they made astronomical instruments. 

When ∏=3.14 in Table 1, it is 1.91 ja in diameter if an interval 

is 6 pun, which is easy to divide using 6 notches, in the 

Sundial Hundred-interval scale. In such the ∏ in Table 2, 

if 3 du is 5 pun, it is 1.94 ja in diameter, which is identical to 

the diameter of the Hundred-interval ring of the Simplified 

Sundial (Song et al. 1994). Considering this Hundred-interval 

ring, it can be supposed that the outer circle of the Sundial 

Hundred-interval ring that is 1.92 ja in diameter is in contact 

with the inner circle of the Celestial-circumference ring. This 

is similarly applied to the Small Simplified Armillary Sphere. 

If so, as shown in Fig. 3, it is 2.08 ja in outer diameter and also 

2.00 ja in middle diameter of the Celestial-circumference 

ring where ∏=3.14. Continuously it is 1.84 ja in the middle 

diameter and 1.76 ja in the inner diameter of the Sundial 

Hundred-interval ring, and it is 1.68 ja in the middle diameter 

and 1.60 ja in the inner diameter of the Star-dial Hundred-

interval ring. When 3.14 is used as ∏ in Table 1, if one interval 

is 5 pun, then the diameter of that circle is 1.59 ja, which is 

close to the inner diameter of the Star-dial Hundred-interval 

ring. In this circle, an interval is made with 6 divisions inside 

by using Fig. 2(g). As the outer diameter of the Celestial-

Fig. 3. Specifications of the three rings of the Sun-and-Stars Time-Determining Instruments, where ∏ is 3 or 3.14.

Celestial circumference degree ring

center

inner diameter
4 pun

4 pun
middle diameter

outer diameter

Sundial Hundred-Interval ring

Star-dial Hundred-Interval ring

1.52
1.60

1.60
1.68

1.68
1.76

1.76
1.84

1.84
1.92

1.92
2.00

2.00
2.08

[ja] if  ∏ = 3
if  ∏ = 3.14[ja]
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circumference ring is to be 2.08 ja, if the wheel of the same 

size of the Simplified Time-Determining Instrument is carved 

with arbitrary lines dividing 1 du into 4 notches in its lateral 

side, it is to be 0.45 pun (0.93 mm) per part.

Table 3 shows three ring’s sizes of two Joseon period in-

struments when ∏ is 3 or 3.14. In the summary of Table 3,  

when ∏=3.14, it is represented in the Sejong Sillok that the 

specification of three rings is for the middle diameter. 

However when ∏=3, the specification of the Sejong Sillok 

follows the Chinese convention by recording the ring’s size 

as its outer diameter. In terms of the record, it might be 

correct that ∏ is 3, but in terms of the Korean artifact it is 

correct to use 3.14 as ∏.    

3.3 Scale Error 

The Celestial-circumference scale is engraved in the 

equatorial ring and the declination ring of the Small Simplified 

Armillary Sphere and is 5 pun as 3 du regardless of ∏ in  

Section 3.2. According to the Sejong Sillok, this equatorial ring 

has a scale of 28 lunar lodges as well (Needham et al. 1986). 

The Celestial-circumference scale is drawn in three types on 

the ring. One type is just the Celestial-circumference scale 

itself like the Celestial-circumference degree-and-fraction 

ring of the Sun-and-Stars Time-Determining Instrument. 

Another is a half of the Celestial-circumference scale 

(182.625 du) drawn from the south/north pole to another pole 

on two semicircumferences, like the declination ring. The 

other is the combination scale with 28 lunar lodges like the 

above example of the equatorial ring in the Small Simplified 

Armillary Sphere. The last type is identical to the equatorial 

ring of the Simplified Armilla (Lee et al. 1996). 

The whole-degrees-in-equator (赤道宿度) of 28 lunar 

lodges (lunar mansions) can be found in the Chiljeongsan-
naepyeon (七政算內篇, the Inner Volume of Calculation of 

the Motions of the Seven Celestial Determinants) (Yu et al. 

1973) which was promulgated in 1443 (Lee 2007). The royal 

observatory of Joseon already had possessed the Shoushi 

lijing (授時曆經) imported from Yuan and Ming in 1423 (Lee 

2007) before the inscription of the Small Simplified Armillary 

Sphere was composed by Jeong Cho (? ~ 1434) in 1433. 

The whole-degrees-in-equator of 28 lunar mansions of the 

Chiljeongsan-naepyeon is equal to that of the Shoushi lijing. 

The Chiljeongsan-naepyeon said that this whole-degrees-in-

equator of 28 lunar lodges is observational values obtained by 

using the Simplified Armilla. As mentioned above, basically 

a du was divided into 4 parts in the equatorial ring of the 

Small Simplified Armillary Sphere. Table 4 shows the whole-

degrees-in-equator of 28 lunar lodges and a scale error of the 

equatorial ring of the Small Simplified Armillary Sphere

In Table 4, almost all lunar lodge’s whole-degrees-in-equator 

have the unit of 0.1 du except the Maiden, the Emptiness, 

the Bristle, the Draw-a-bow, and the Wing constellation, 

which have also 0.05 du in a common difference and can be 

easily calibrated. Moreover, the Maiden and the Emptiness 

constellations are successive constellations. The Draw-a-bow 

and the Wing constellations are the same.

In general, because the whole-degrees-in-equator of the 

Emptiness constellation includes a residual produced by 

the remaining Celestial-circumference degree out of the 

significant number of its scale, the origin of this scale tends 

to begin with the Danger constellation. That is why the start 

point of the Danger constellation corresponds to the rat (子) 

branch (the north) in the Joseon Planisphere, for instant, 

Cheonsang-Yeolcha-Bunya-Jido (天象列次分野之圖).

It is not possible to reconcile the subunit between the 

whole-degrees-in-equator of the Chiljeongsan-naepyeon and 4 

parts below a du in the Small Simplified Armillary Sphere. In 

Table 4, each whole-degrees-in-equator of the Small Simplified 

Armillary is changed to an appropriate value reflecting its 

original whole-degree every lunar mansion. Basically, the 

range of 0, ¼, ½, and ¾ du is set by [-0.10, 0.10], [0.15, 0.35], 

[0.40, 0.06], and [0.65, 0.85] respectively. Although there is no 

interval of the Bristle constellation, the whole-degree of ¼ du is 

imposed. To eliminate the accumulated difference, the Tail and 

the Crossbar constellation is added ¼ du. If so, the difference 

Table 3. Specification of the three rings of the Sun-and-Stars Time-Determining Instruments 
(SSTD) and the Small Simplified Armillary Sphere (SSAS)

SSTD 
(scale)

SSAS  
(scale)

circle
∏= 3 ∏= 3.14

diameter 
[ja]

Length
of the unit

diameter 
[ja]

Length
of the unit

Celestial-
circumference ring

 (365.25 du)

equatorial ring / 
declination ring 

(365.25 du)

outer
middle
inner

2.00
1.92
1.84

5 pun / 3 du
-
-

2.08
2.00
1.92

-
-

5 pun / 3 du
Sundial Hundred-

interval ring 
(100 interval)

Hundred-interval 
ring 

(100 interval)

outer
middle
inner

1.84
1.76
1.68

-
-

5 pun / int.

1.92
1.84
1.76

6 pun / int.
-
-

Star-dial Hundred-
interval ring 

(100 interval)
-

outer
middle
inner

1.68
1.60
1.52

5 pun / int.
-
-

1.76
1.68
1.60

-
-

5 pun / int.
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between the scale of the Small Simplified Armillary Sphere and 

the original whole-degrees-in-equator of 28 lunar mansions 

corresponds to about 0.1 du in root mean square (RMS).

4. CONCLUSIONS

It is well known that the Small Simplified Armillary Sphere 

and the Sun-and-Stars Time-Determining Instrument were 

made as observation instrument and clock in 1433 and 1437, 

respectively, by inspiring from the Simplified Armilla. These 

Joseon’s two instruments as well as the Simplified Armilla kept 

several graduated rings set up on a heavenly coordinates. The 

positon of a celestial body can be measured by the ring carved 

with Celestial-circumference degree, while the time can be 

read from a Hundred-interval ring. In the case of these Joseon’s 

instruments, the former’s ring is placed outside the latter’s ring, 

and vice versa in the case of the Simplified Armilla. 

From the Simplified Armilla, its scale feature has a direct 

influence upon to draw graduations on the ring of two Joseon’s 

instruments. In the past, the ring’s scale was drawn on its 

circumference, without using angles. Three rings of the Small 

Simplified Armillary Sphere and the Sun-and-Stars Time-

Determining Instrument resembled a thin flat shape, and 

allowed the selection of several circumferences on which a 

scale is drawn. In the Simplified Armilla, the scale of Celestial-

circumference degree and Hundred-interval’s scale were 

shared on only one circular circumference. Although the order 

of two graduated rings in two Joseon’s instruments is dissimilar 

to that of the Simplified Armilla, it can be certain that the dual 

Table 4. The whole-degrees-in-equator of 28 lunar lodges carved in the Small 
Simplified Armillary Sphere

four 
displacements 
(四象)

28 lunar lodges 
(28宿)

Whole-
degrees-in-

equator

Equatorial ring of 
the Small Simplified 

Armillary Sphere
obs. (T)

[du]
scales (M)

[du]
T – M
[du]

Blue Dragon 
the East

(東方青龍)

Horn (角) 12.10 12 ○ 0.10
Neck (亢) 9.20 9 ¼ -0.05
Bottom (≈Antiscale) (氐) 16.30 16 ¼ 0.05
Room (房) 5.60 5 ½ 0.10
Heart (心) 6.50 6 ½ 0.00
(twist) Tail (尾) 19.10 19 ¼ -0.15
Sieve (≈Flipper) (箕) 10.40 10 ½ -0.10
sum 79.20 79.25 -0.05

Black Tortoise 
the North
(北方玄武)

(southern) Measure (斗) 25.20 25 ¼ -0.05 
Ox (牛) 7.20 7 ¼ -0.05 
Maiden (女) 11.35 11 ¼ 0.10 
Emptiness (虛) 8.9575a 9 ○ -0.05 
Danger (危) 15.40 15 ½ -0.10 
House (室) 17.10 17 ○ 0.10 
(eastern) Wall (壁) 8.60 8 ½ 0.10 
sum 93.8075 93.75 0.0575

White Tiger 
the West

(西方白虎)

Astride (pattern) (奎) 16.60 16 ½ 0.10 
Mound (back) (婁) 11.80 11 ¾ 0.05 
Stromach (胃) 15.60 15 ½ 0.10 
Pleiades (≈Buttock) (昴) 11.30 11 ¼ 0.05 
End (畢) 17.40 17 ½ -0.10 
Bristle (≈Antler) (觜) 0.05 0 ¼ -0.20 
Mix (≈Triad) (參) 11.10 11 ○ 0.10 
sum 83.85 83.75 0.10

Red Bird 
the South
(南方朱雀)

(eastern) Well (井) 33.30 33 ¼ 0.05 
Spirits (鬼) 2.20 2 ¼ -0.05 
Willow (柳) 13.30 13 ¼ 0.05 
Star (星) 6.30 6 ¼ 0.05 
Draw-a-bow (≈Spread) (張) 17.25 17 ¼ 0.00 
Wing (翼) 18.75 18 ¾ 0.00 
Crossbar (軫) 17.30 17 ½ -0.20 
sum 108.40 108.50 -0.10

Total degree [du] 365.25(75) 365.25 0.00

athe Celestial-circumference degree in Shoushili is 365.2575 du, and 0.0075 du, the 
residual always attached to the Emptiness constellation. However this residual is 
supposed to be omitted in the Small Simplified Armillary Sphere.



53 http://janss.kr 

Byeong-Hee Mihn et al.   Two Scales on the Circumference of Ring

scale drawing is revived at the equatorial ring and Hundred-

interval ring of the Small Simplified Armillary Sphere plus the 

Celestial-circumference ring and Sundial Hundred-interval 

ring of the Sun-and-Stars Time-Determining Instruments. 

The circle with 1.92 ja in a diameter can be drawn by 5 pun ∏ 

as 3 du for the Celestial-circumference degree and by 6 pun as 

an interval for a hundred-interval time.

The ratio of a circular circumference was calculated as 3 in 

the Simplified Armilla. However the ratio of a circumference 

of a sundial’s disk was reckoned as 3.14 in Joseon dynasty 

(Mihn et al. 2015). In the Small Simplified Armillary Sphere 

and the Sun-and-Stars Time-Determining Instrument, 

the ratio of circumference to diameter is not confirmed. 

According to the Sejong Sillok’s record it seems that 3 is 

used as the ratio of a circumference to its diameter, and the 

combination of two kinds of scale is never reflected, similarly 

to the Simplified Armilla. However, in the report of the artifact 

of the Simplified Sundial (Song et al. 1994; Lee et al. 2016), 

there is a clue that a circumference to diameter ratio of 3.14 

was used. If the Celestial-circumference degree scale and the 

Hundred-interval time scale can be practically used on the 

common circumference, then the sizes of these rings based 

on the record of the Sejong Sillok meant a value of a middle 

diameter of that ring.

The equatorial ring of the Small Simplified Armillary 

Sphere has the scale of the Celestial-circumference degree 

adapted by the whole-degrees-in-equator of 28 lunar 

mansions. In the Small Simplified Armillary Sphere, a du, 

the unit of this scale, was divided into four divisions (0.9 

mm per a part) which is different from 10 divisions in the 

Simplified Armilla. According to our analysis, the scale 

error of the whole-degrees-in-equator of 28 lunar mansions 

is about 0.1 du. The observation by the Small Simplified 

Armillary Sphere included at least 0.1 du error in terms of 

accuracy. 
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