
ApPENDIX 1 

Hipparchus's Table of Chords 

The construction of this table is based on the facts that the chords 
of 60° and 90° are known, that starting from chd 8 we can calculate 
chd(180° - 8) as shown by Figure Al.1, and that from chd S we can 
calculate chd ~8. The calculation of chd is goes as follows; see Figure 
Al.2. Let the angle AOB be 8. Place F so that CF = CB, place D so that 
DOA = i8, and place E so that DE is perpendicular to AC. Then 

ACD = iAOD = iBOD = DCB 

making the triangles BCD and DCF congruent. Therefore DF = BD = 

DA, and so EA = iAF. But CF = CB = chd(180° - 8), so we can 
calculate CF, which gives us AF and EA. Triangles AED and ADC are 
similar; therefore ADIAE = ACIDA, which implies that AD2 = AE·AC 
and enables us to calculate AD. AD is chd i8. 

We can now find the chords of 30°, 15°, 7~0, 45°, and 22~0. This gives 
us the chords of 150°, 165°, etc., and eventually we have the chords of all 

P chord 8 = PQ, 
chord (180C 

- 8) = QR, 
QR 2 = PR2 _ PQ2. 

FIGURE A1.l. 

R 
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FIGURE A1.2. 

multiples of 71°. The table starts: 

8 
chd 8 

2210 
2 

1,341 
30° 

1,779 
45° 

2,631 
5210 

2 
3,041 

We find the chords of angles not listed and angles whose chords are not 
listed by linear interpolation. For example, the angle whose chord is 
2,852 is 

( 2,852 - 2,631 1)0 . 
45 + 3,041 _ 2,631 x 72 = 49° approxImately. 



ApPENDIX 2 

Calculation of the Eccentric
Quotient for the Sun, and the 

Longitude of its Apogee 

This is Hipparchus's method as described by Ptolemy. However, Ptolemy 
used his own table of chords; I use the figures from Hipparchus's table as 
reconstructed by Toomer [103]. 

The basic data are that the interval from spring equinox to summer 
solstice is 94~ days and the interval from then to autumn equinox is 92~ 
days. In Figure A2.1, T is the earth, 0 is the center of the sun's orbit, H 
and L are the equinoxes, and] and K are the solstices. 
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FIGURE A2.1. 
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FIGURE A2.2. 

The sun turns through the angle HOL in 

It turns through a whole circle in 
Therefore the angle HOL is 

92~ + 94~ days 
= 187 days. 

365;14,48 days. 
184°20' , 

and so NOH + VOL = 4°20', 
and so 
Therefore, by linear interpolation, 
The sun turns through the angle HOK in 
Therefore 
But NOH = !UOH and so 
and so 
Then 
Therefore, by linear interpolation, 
and so 
But 

and so, because T02 = TQ2 + OQ2, 
Thus 

This is the eccentric-quotient. 
As above 

and so (see Figure A2.2) 
Then by linear interpolation, 
and so 

UOH = 4°20'. 
HU = 260. 

94~ days. 
HOK = 93°9'. 
NOH = 2°10'. 
POK = 59'. 
KOX = 1°58'. 

KX = 118, 
OQ = 59. 
TQ = !HU 

= 130, 
TO = 143. 

TOION = 143/3438 
= 1124 approximately. 

OQIOT = 59/143 
= 2830/6876 

OQIOY = 2830/3438. 
OYQ = 49°, 
OTQ = 241°. 

Therefore the apogee is 241° west of the summer solstice, i.e., its 
longitude is 651°. 



ApPENDIX 3 

Ptolemy's Table of Chords 

Ptolemy's table of chords is much more sophisticated than the one that 
we think Hipparchus used (see page 128). The chords are in a circle of 
radius 60 instead of 3,438, which makes calculations much easier. The 
interval between entries is ~o instead of 7!0; and the smaller the interval 
the smaller the errors introduced by linear interpolation. Attaining a 
smaller interval is not merely a question of subdividing more finely. 
Hipparchus could easily have produced a table with intervals of 3~o or l~o 
or ~~o by the halving process, but such a table would have been awkward 
to use. Ptolemy stated and proved a theorem (usually known today, in 
fact, as Ptolemy's theorem) which enabled him to calculate the chords of 
x + y and x - y if the chords of x and yare known. He used Euclid's 
construction of a regular pentagon to find the chord of 36°, which, since 
he knew the chord of 37~0, enabled him to find the chord of 1!0. 

It is not possible to trisect an angle of 1~0 by Euclidean methods, but it 
is possible to find a good enough approximation to the chord of ~o by 
using the result that 

if x> y, 
chd x x 

then -- <-. 
chd y y 

Taking x = 1~0 and y = 10 , we have 

chd 1° > ~ chd l~o 

> ~ x 1;34,14,41 > 1;2,49,47. 

Similaly, taking x = 10 and y = ~o, we can show that 

chd 1° < 1;2,49,55. 

Between them these show that chd 10 = 1 ;2,50 correct to two sexagesimal 
places. It is now easy to calculate the chord of ~o to two places and to 
complete the table. (Ptolemy's own explanation of his calculations was a 
trifle careless. He worked to only two sexagesimal places, and stated that 
the chord of 10 was both greater than 1 ;2,50 and less than 1 ;2,50.) 
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ApPENDIX 4 

Calculating the Radius of the 
Moon's Epicycle 

On page 133 we saw how Hipparchus (or Ptolemy) could calculate the 
radius of the moon's epicycle from data obtained by observing three 
eclipses. Here are the details of one such calculation carried out by 
Ptolemy using eclipses observed by the Babylonians in the first and 
second years of the reign of Marduk-apal-iddina, about 720 B.C. The time 
intervals between the eclipses, reduced to mean solar time, were 354 
days, 2 hours, 34 minutes from the first to the second, and 176 days, 20 
hours, 12 minutes from the second to the third. From the anomalistic 
period Ptolemy calculated how far round the epicycle the moon traveled 
in these two intervals. If the positions of the moon on the epicycle at the 
times of the eclipses are PI, P2, and P3, respectively, then, measured 
clockwise 

(1) 

From the times of the eclipses, converted to Alexandria time, Ptolemy 
found the longitudes of the sun and hence of the moon. From these, as 
described on page 133, he found (see Figure A4.1, in which T denotes the 
earth) 

(2) 

(1) and (2) are the numerical data for the calculation. 
Ptolemy several times used the table of chords to find the proportions 

of a right-angled triangle. This is how it is done. Let ABC he a triangle 
with a right angle at B (see Figure A4.2). Suppose that the anglc ACB 
is ~x and we want to find ABIAC. If 0 is the midpoint of AC, then 
A 0 B = x. If we look up x in the tahle of chords and find that chd 
x = y, this means that AB = Y on a scale in which AO = 60. Thus 

ABIAC = y/120. 

This is the reason for such items as ~ x 6°48' or ~ x 1°14' in various steps 
of the calculation. 
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Let PzT cut the epicycle at X (Figure A4.3). Drop perpendiculars XY 
and XZ to TP3 and TP1• Drop a perpendicular P3W to PlX. Choose a 
scale in which XT = 120. Then: 

XTZ =! x 6°48' from (2) 
Therefore XZ = 7;7 from tables (3) 

arc P2P1 = 360° - arc P1P2 

= 53°35' from (1) 
Therefore P2XP I = t x 53°35' by the angle-at -the-

circumference theorem 
P2TPI = t x 6°48' from (2) 

Therefore XPIT =! x 46°47' by subtraction 
Therefore XZIP1X = 47;38,30/120 from tables 
Therefore PIX = 17;55,32 from (3) (4) 
Again, XTY = ! x 1°14' from (2) 
Therefore XY = 1;17,30 from tables (5) 

P2XP3 =! x 150°26' from (1) and the angle-at· 
the-circumference 

P2 TP3 = ! x 1°14' theorem from (2) 
Therefore XP3T = ! x 149°12' by subtraction 
Therefore XY:P~ = 115;41,21/120 from tables 
Therefore P3X = 1;20,23 from (5) (6) 

arc PIP3 = arc P2P3 - arc P2P 1 

= 96°51' from (1) 
Therefore P~ =! x 96°51' from the angle· at-the· 

circumference theorem 
and WP~ =! x 83°9' being 90° - P~ 
Therefore P3WIP3X = 0;44,53,7 
and XWIP~ = 0;39,48,57,30 from tables 
Therefore P3W = 1;0,8 and XW = 0;53,21 from (6) (7) 
Then PIW = PIX-XW 

= 17;2,11 from (4) and (7) (8) 
Then Pl~ = PIW 2 + P3W 2 

= 290;14,19 + 1 ;0,7 from (7) and (8) 
= 291;14,36 

Therefore PIP3 = 17;3,57 (9) 
But arc PIP3 = 96°51' from (1) as above 
Therefore (see Figure 10.5, in which C is the center of the epicycle) 

PIP3 /CR = 1;29,46,14 from tables 
Therefore P~/CR = 1;29,46,14 x 1;20,23/17;3,57 from (6) and (9) 

= 0;7,2,50 (10) 
Therefore arcP~ = 6°44'1" from tables 
Therefore arc P2X = 157°10'1" from (1) 
Therefore P2XICR = 1 ;57,37,32 from tables 
But XTiCR = 0;7,2,50 x 120/1;20,23 from (6) and (10) 

= 10;31,13,48 
Therefore P2TICR = 12;28,51,20 by addition 
Then PzT·XTICR2 = 131;18,20,5,32 by multiplication 
But P2T·XT = RT·ST by a theorem in geometry 
and TC 2 = RT·ST + CR2 by another. 
Therefore TC 2 /CR2 = 132;18,20,5,32 
and so TCICR = 11 ;30,8,42 
giving CRITC = 0;5,13. 



ApPENDIX 5 

The Eccentric-Quotient and 
Apogee of Mars 

As pointed out on page 166, Ptolemy could calculate the eccentric
quotient and the direction of apogee of Mars if he knew the angles 
marked Z lTZ2, Z2TZ3, ZlEZ2, and Z2EZ3 in Figure 6.32. This is by no 
means obvious, so let us follow the method in some detail. 

In Figure AS.l, the points Zl, Z2, Z3, E, and T are as in Figure 6.32, K 
is the point where Z3T cuts the circle ZlZ2Z3 again, and KF, KG, ZlH, 
and EN are perpendicular to ZIT, Z2 T, Z2K, and Z3K, respectively, A is 
the apogee. 

Knowing Z2TZ3, we know the angles KTG and TKG, and KGITK. (i) 
We know Z2KZ3 (it is ~Z2EZ3)' and so by (i) we know Z2KG 

and KGIZ2K. (ii) 

A 

K 

P 

FIGURE AS.1. 
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Knowing ZI TZ3, we know FTK and KFITK. (iii) 
We know ZjKT (it is ~ZIEZ3) and Z\ TK (by iii) and 

therefore TZ\K and KFIZ\K. (iv) 
We know Z1KH (it is ~Z1EZ2)' so we know Z\HIKH and Z\KIKH. (v) 

Now in terms of KG we know Z2K (by ii), TK (by i), KF (by iii), Z1K 
(by iv), and KH (by v). Therefore we know Z2H. We also know Z\H (by 
v), so we know Z1Z2 (in terms of KG). But we also know Z1Z2 in terms 
of the radius r of the circle Z1Z2Z3, because we know the angle ZIEZ2. 
Therefore, we know all these lengths in terms of r. In particular, we know 
Z1K, therefore Z)EK, therefore Z3EK, therefore KZ3. 

Knowing Z3K and TK, we know Z3T. Since AT· TP = Z3T· TK, we 
know AT· TP. But AT· TP + TE2 = r2, so we know TE (in terms of r) 
-we have found the eccentric-quotient TElr. 

We know Z3N (it is ~Z3K) and Z3T. Therefore we know NT. We know 
also TE, so we know the angle NTE. This gives us the direction of TE 
(the direction of apogee) in term of the observed direction TZ3 . 



ApPENDIX 6 

Reversed Epicycles 

In Figure 6.9, let T be the earth, let C be the center of the epicycle of a 
planet revolving about T anticlockwise in a circle of radius 60, and let P 
be the planet revolving clockwise round C in an epicycle of radius r. The 
minimum velocity of P as seen from T (counting anticlockwise velocities 
as positive) occurs when P is at the point A beyond C on the line TC. 

Let the sidereal period of the planet be x years and its synodic period y 
years. Then the (angular) velocity of the line TCA about T is 1/x 
revolutions per year. The distance Tis 60 + r and so the linear velocity of 
A is 21t(60 + r)/x. The angular velocity of the line CP relative to CT is l/y 
revolutions per year, and so the linear velocity of P, when it is at A, 
relative to A is 21trly. Thus the condition that the planet should retrogress 
is 21trly > 2rc(60 + r)lx, i.e., y < rxl(60 + r). 

Figures from the Almagest are as follows: 

r x rxl(60 + r) y 

Mercury 221 2 1 0.03 0.3 
Venus 431 

3 1 0.4 1.6 
Mars 391 

2 1.9 0.7 2.1 
Jupiter 111 

2 11.9 1.9 1.1 
Saturn ~ 2 29.4 2.9 1.0 

This shows that the first three planets will not retrogress. This conclusion 
would not be reversed if we made the orbit of C eccentric and introduced 
an equant. 

Besides this, it is possible that if Ptolemy went through the detailed 
calculations to find the parameters of the planets' orbits using clockwise 
epicycles, his data would not yield coherent results. And, for the outer 
planets, making it part of his theory that CP points toward the mean sun, 
coupled with the fact that the synodic periods are greater than a year, 
requires the epicycle to rotate anticlockwise. 
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Appendix 6. Reversed Epicycles 247 

If the motion of the sun is presented as epicyclic motion (see Figure 
7.1) then, because the line joining the mean sun to the sun is in a fixed 
direction in space, the sun must move clockwise round its epicycle, like 
someone walking down an up-escalator at precisely the speed of the 
escalator. It is possible that the clockwise epicycle for the moon was 
copied from the theory for the sun. In spite of all this, there is evidence 
that some early Greek astronomers did use clockwise epicycles [154]. 
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Answer to the question on page 197: The next day is 2 Ik 5 Pop. 
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Li Ti 255 
Libra 67 
Lui Chuo 86 
Loanhead of Daviot 51 
Lockyer, Norman 252 
long-count 197 
longitude 32, 69 
longitudinal period 166 

see also sidereal period 
Lounsbury, Floyd G. 251 
Loyang 100 
lu 67 
luhunga 67 
luni-solar calendar 19 

MacKie, E.W. 249 
madhya 182 
magnitude of eclipses 75, 85, 143, 150 

of stars 152 
Malmstrom, V.H. 254 
al-Ma'mun 193 
manda 182,187 
mandakendra 182, 187 
mandocca 182, 184 
Manilius 254 
Maoris 2 
maps, Chinese 85 
Maragha 193 
Mars 21 

in Babylonian astronomy 69, 79 
in Chinese astronomy 86 
in Greek astronomy 116, 159, 166-

170 
in Indian astronomy 179, 184 
Kepler on 218-232 

mash 67,68 
mash 67 
mashtabba 67 
Maspero, H. 255 
Maunder, E.W. 8,135 
Mayas 14,23, 196-204 
mean elongation 160 
mean longitude 133 
mean moon 133 
mean solar day 141 
mean solar time 141 
mean sun 130, 223 
Mecca 195 
Melanesia 10 
Mercury 21 

in Babylonian astronomy 69, 80 
in Chinese astronomy 86 
in Indian astronomy 179, 184 
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Mercury (continued) 
Copernicus on 208 
Ptolemy on 159-163 

Meru 187 
Metaphysics 117 
Meton 66, 111, 128 
Metonic cycle 20 
mi 95 
Micmac 4 
Micronesia 11 
midday (= noon) 26 
midnight 9 
midsummer 8, 30 

interval to midwinter 11 
at Stonehenge 48-50 
see also solstice 

midwinter 11,54 
see also solstice 

Mikhailov, A.A. 258 
miles, Arabic 121 
Miletus 141 
milky way 94 
Ming shi 98, 107 
moxian 107 
month 13,20,82,87,88 

length of 68,75-78,89, 127 
names of 20 

moon 12-21 
in Babylonian astronomy 65-78 
in Chinese astronomy 85, 106 
in Indian astronomy 181 
in Mayan astronomy 198-199 
Copernicus on 208-209 
Eudoxus on 113-114 
Hipparchus on 131-133,240-241 
Ptolemy on 143-148,240-241 
anomalistic period of 75, 106, 127, 

131-133 
declination of 15, 16 
full 13, 15, 71, 145 
half 122, 145 
inclination of (to the ecliptic) 13, 

16, 148 
irregularity of 17, 75, 114 
latitude of 74-75, 143 
latitudinal period of 127, 143 
megaliths and 49,56 
new 15,71 
orbit (path) of 13, 64 
parallax of 146-148 
size and distance of 113, 122, 

147-148 
velocity of 76-77 

moonrise 13, 15-16,49,68 

moonshine 110 
motion of the earth 4, 111, 121-122, 

188 
muxing 21 
mul 66,67 
mul-apin 64 
mul-babbar 21 
music of the spheres 111 

Nabu-nasir 141,172,179 
Nakayama, S. 255 
nangar 67 
Nanhai 101 
Nanjing (f'ianking) 99 
Na~ir ai-Din 191 
navigation 11 
Needham, Joseph 250 
Neugebauer, Otto 64,71,78,115, 

187,204,255 
Newgrange 12 
new moon 15,71 
new year (Chinese) 87 
Newham, C.A. 253 
Newton, Isaac 207 
Newton, R.R. 144,171 
Nibiru-maruk 21 
Nile 8,119 
Nilsson, M.P. 252 
Nindaranna 21 
Nine maidens 57 
nisannu 20 
node 13-14,74,143,179 
Nohpat 23 
noon 26-27,30,96-99,102-103 
north 26 
Norway 10 
notch (in horizon) 57-58,60-61 
nova 95 
numerals 

Arabic 190 
Babylonian 69, 124 
Greek 123 
Indian 178 
Mayan 198 

obliquity 9,25 
estimates of 9, 44, 96, 105-106, 

148, 194 
in armillaries 35 
in Chinese astronomy 105 
in Indian astronomy 179 
Ptolemy on 139-140 

observations (contrasted with 
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calculations) 68 
O'Kelly (0 Ceallaigh) 252 
omens 94-95 
opposition 13,21,168-169,219-224 
oracle bones 84 
orbit, shape of 227-233 
orientation (of edifices) 11, 14,23, 

25-26,45-63,82 
Orion 2,82 
Osiander 205 
Ovenden, Michael 4, 135 

pa 67 
pabilsag 67 
Palenque 199,202 
Pan Nai 255 
Pannekoek, A. 249 
Pappus 124 
parabola 57 
parallax 6, 133 

of Mars 220 
of the moon 133, 146-149 
of stars 149, 201 

parameter 129, 161 
parapegma 111,141 
parhelion 95 
Parker, R.A. 83 
Parmenides 110 
Pedersen, Olaf 250 
Pegasus 3 
Peking = Beijing 
pendulum 10 
Peri megathon kai apostematon heliou 

kai selenas 122 
Peri takhon 117 
perigee 160, 163 
periodicity 110 
Persia 86 
Petersen, Y.M. 257 
Phaenomena 117, 136 
Phaseis aplanon asteron 177 
Philip of Macedon 172 
It 187 
Piggot, s. 253 
Piini, E.W. 258 
Pingree, David 250 
Pisces 2, 67, 112 
planetarium, mini- 5 
planets 8, 21 

in Babylonian astronomy 79-81 
in Chinese astronomy 86 
in Greek astronomy 115-117, 155-

173 

in Indian astronomy 181-187 
Plato 146 
Pleiades 2, 66 
plinth 27, Figure 1.9 
Pliny 119, 124 
plough 4 
plumb-line 2, 31 
pole (gnomon) 27-31,66,91,96-99, 

119 
pole, celestial 5,7, 24, 41, 97, 136 
pole of a great circle 113 
pole-star 5,24, 141 
Polynesia 11 
Pondicherry 188 
Posidonius 120 
power-drive 41 
Prague 218 
precession 24,34, 79, 135, 150-153, 

170 
prediction of eclipses 19,212 
priestesses 11 
Prodromos dissertation em 

cosmographicarum 218 
proper motion 8 
prosthaphaeresis 133, 145 
Prutenic tables 212 
Psammites 122 
Ptolemaic system 173 
Ptolemy 138-177,206,239,244-245 

his geographical treatise 121 
on Hipparchus 124, 134 
his instruments 27, 35-38 
on the size of the earth 121 
on the size of the universe 1, 172 

pyramids 25-26 
Pythagoras 111 
Pythagoreans 111, 146 

Qian Han shu 93 
qi-lin 92 
quadrant 28, 32, 212 

radius-rule 226 
Rahu 179 
Raqqa 194 
ratio 129, 161 
Rawlins, Dennis 119, 120, 128 
rectangle 45, 50, 53 
reference-object 38 
reference-stars 155 
refraction 6, 24, 50, 112, 214 
regression of the nodes 14, 74 
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regular (uniform) circular motion 146 
Rehm, A. 254, 257 
reign-period 87 
Relativity 207 
retrograde motion 

in the Almagest 157, 164, 170 
in Babylonian tables 79 
in Chinese astronomy 86, 109 
of comets 207 
in Eudoxus's theory 114 
retrogression 21, 164 
of Venus 22 

Rhodes 120,124,137,152 
rifa 93,105 
Ricci Matteo 41,253 
right ascension 32, 142 
rin 67 
rising, direction of 9-10,13-15,23, 

136 
rising-times of ecliptic arcs 74 

of constellations 136 
river of heaven 94 
rod, vertical (= gnomon) 26, 66, 91, 

119 
Roman months 20 
Roslund, C. 254 
Rothman, Christopher 210 
Rudolph II 215 
Rudolphine tables 236 
Ruggles, Clive 58 
Russia (reports from) 85 

Sagittarius 67 
sahurmash 67 
Salbatani 21 
Samarkand 32, 193 
San guo zhi 93 
San tong 92-93 
Sanskrit numerals 178 
Sarawak 10 
Sarmizegetusa 51-52 
Saros 19, 75-78, 127 
Saturn 21-22, 159 

in Babylonian astronomy 80 
in Chinese astronomy 86 
in Indian astronomy 179, 184 

Saylh, A. 258 
Schiaparelli 116 
schoenus 252 
Schwartz, C. 256 
Scorpio or Scorpius 3, 67, 135 
sea-shell 189, 198 
seasons, length of 111,131 

Seleucid era 72 
Severin, Christian 140,214,218 
sexagesimals 69, 123 
sextant 212, Figure 10.6 
shadow, earth's 18, 111, 118 

of a rod 27-31,96-103 
Shandu 101 
al-Shatir, Ibn 192 
she 74 
shi 90 
ShiShen 92 
Shi ji 93 
Shou-shi 102-108 
Shu jing 84 
Shui xing 22 
sidereal day 9, 179 

period 80-81,116,127,159,179 
see also longitudinal period 166 
year 25 

si fen almanac 86 
sfghra 182, 186 
sfghrakendra 185, 186 
sfghrocca 182, 184, 188 
sign of the zodiac 66-68, 112 
Simplicius 113, 116, 146 
sine 179 
Sirius 20, 82, 138 
Skorpios 67 
solar day 9, 142 
solar time 142 
solstice 10 

Chinese time of 90 
determination of 10,57,97-99 
observations at 44,91,96-99, 103 
position on ecliptic 68 
time-intervals from 11, 25, 111, 130 
in tribal astronomy 10-11 
used by Hipparchus 125 
used by Ptolemy 140-141 
see also midsummer 

Somayaji, D.A. 187 
Somerville, Boyle 56 
Sosigenes 146 
south 26 
Southern Cross 2 
sphuta 182, 185 
sphuramadhya 185 
Spica 135 
stade 119 
stars, Ptolemy on 150-155 

list (catalogue) of 38,64-65,85, 
124 

station-stone 45, 50 
statistics 54, 137, 152 



Stephenson, F.R. 96 
Stilbon 222 
Stonehenge 10,45-55 
Strabo 119,256 
Stukely, William 51,256 
Sui xing 22 
Sultan of Turkey 213 
sun 8-13 

in Babylonian astronomy 71-73 
in Chinese astronomy 91 
in Greek astronomy 113,128-131, 

140-143 
in Indian astronomy 179-181 
declination of 11,44,58 
distance of 91, 123, 149, 179 
irregularity of 11, 72, 92, 114 
megaliths and 45,48-62 
size of 110-111,122 

sunrise 9-11,48-50,68 
sunset 4, 9-11, 57, 68 
sunspots 85, 172 
supernova 95,212 
Swerdlow, N.M. 258 
Syene 119 
synodic month 13 
synodic period 21-23,80,86,157, 

159,200 
Syntaxis 138 
systems A and B 78 

table of chords 128,139,236-237, 
239 

of eclipses 201-202 
of the moon's motion 106-107 
of parallax 149 
of planets' motions 86, 108-109 
of sines 180 
of the sun's motion 141 
Alphonsine 194 
Hakemite 194 
Prutenic 212 
Rudolphine 236 
Toledan 194 

Tai shi ling 101 
Tang dynasty 87, 96 
target-practice analogy 152 
Taurus 67, 135 
Techne Eudoxou 117 
Teeple, John E. 202, 251 
telescope (constellation) 2 
template 94 
temple 11, 53 
Tetrabiblos 177 

Index 

Thales 110 
Thorn, Alexander 51-58,249 
Thompson, J.E.S. 251 
Thompson, R.C. 254 
thoth 20, 141 
tides 206 
Timocharis 135, 152 
Tlingit 2 
Toledan tables 194 
Tong dian 105 
Toomer, G.J. 128,237 
top, spinning 25 
transversal 215 

267 

tribal names of stars 2 
trigonometrical tables 128, 139, 180 
trilithon 45, 50 
tropical year 25 
true direction 132 
true (as opposed to mean) 223 
trunks, celestial 88 
tu xing 21 
tun 197 
al-Tiisi 192 
Tycho (= Tyge) Brahe 175,210-218 

Udaltar 21 
uinal 196 
Ulugh Beg 32, 193 
ululu 20 
umbrella 5 
uniform (regular) circular motion 146 
ura 67 
Uraniborg 214 
ush 71 
Uxmal 23 

Van der Waerden 250 
variance 152 
Varuna 187 
Vedic 178 
Veen 214 
velocity of the moon 76, 77, 106-108 

of the sun 72, 78 
Ven 214 
Venus 21-23 

in Babylonian astronomy 69,80 
in Chinese astronomy 86 
in Greek astronomy 154, 163-166 
in Indian astronomy 179, 181-185 
in Mayan astronomy 14, 199-201 
= Hesperus 110 

vernal (spring) equinox 38 



268 

"Viking ship" 62 
Virgo 67 

Wang Chong 85 
WangXun lUI 
Wesley, W.G. 258 
whole disc sunrise 49 
winter solstice 90, 104 
Wlodarczyk 155 
Wood, J.E. 249 

Xanadu 10 
Xia xiao zheng 92 
xiu 4,85 
xuanye 90, 94 

Yangcheng 32,94 
year 9,25,87 

Babylonian estimate 128 
Brahe's estimate 214 
Chinese estimates 92-93, 101, 105 
Hipparchus's estimate 126 
Indian estimate 179 
length of 194 
rough estimate 9 
supposed Mayan estimate 204 

Index 

YIJlng 94 
ying fu 29 
yojana 179 
Yuan shi 98, 101-109 
Yucatan 23 
yuga 179 
Yunus, Tbn 194 

zenith 137 
zero 70, lU9, 198 
zero date 141,172,197 
Zeus 21 
zib 67 
Zieljahrtexte 69 
zhi 87 
zhi yuan 102 
Zhou bei suan jing 90 
zibatanu 67 
zib-me 67 
zig-zag 76-78 
zodiac 66-67, III 

and precession 142 
zodiacal anomaly 164 
zodion 66 
Zu Chonzhi 97 
Zulu 10 
Zuiii 10 


