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Two questions:

e was sophisticated plane trigonometry used by
Hipparchus?

e does the equant precede Ptolemy and the
Almagest?

Perhaps surprisingly, both questions are best

answered by looking at 500 A.D. astronomy texts
from India.
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Toomer (Centaurus, 1973)
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from Almagest 4.11 and Hipparchus.
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However, Toomer made an error in analyzing the
epicycle case, and expressed doubt about the entire
thesis. However, Toomer overlooked something:

10 : . J. Toomer

The problem is to find the ratio of the radius of the deferent, R (= OC),
to the radius of the epicycle r. This is achieved via the intermediate step
of finding r in terms of s, s being the distance OB between O and the
place where the straight line from O to one of the points M meets the
circle again in B. The solution is as follows (R’ is throughout the radius
of the base circle, or 3438"; Crd is the chord expressed in terms of that
base circle).
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But where does 3162 come from?
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In Indian astronomy

7= 02832 3416
20000
and
7=+10=3.1622...

This suggests that Hipparchus was using a
circle of circumference 10,000 (i.e. a Greek
myriad), and hence a diameter of

. 10,000 10,000

1) T \/ﬁ

—1,000/10 = 3162

So Toomer was correct after all.
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In fact, there are many 1deas common to
Greek and Indian astronomy, but Indian
astronomy 1s generally less advanced than
the Almagest:

e The equation of time.

e Obliquity of the ecliptic.

e Parallax.

o Trigonometry scales.

e Retrograde motion.

e Model of Mercury.

e Determination of orbit elements.
e Values of orbit elements.

e Star catalog.

e Zodiacal signs.

e The second lunar anomaly.
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This has led to what might be called the
Pingree — van der Waerden Hypothesis:

The texts of ancient Indian astronomy
give us a sort of wormhole through
space-time back into an otherwise
inaccessible era of Greco-Roman
developments in astronomy.

500-600 AD India

‘ Indian texts
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Thus the essentially universally accepted
view that the astronomy we find 1n the
Indian texts 1s pre-Ptolemaic. Summarizing

the prevailing opinion, Neugebauer wrote 1n
1956:

“Ptolemy’s modification of the lunar
theory 1s of importance for the problem of
transmission of Greek astronomy to India.
The essentially Greek origin of the Surya-
Siddhanta and related works cannot be
doubted — terminology, use of units and
computational methods, epicyclic models
as well as local tradition — all indicate
Greek origin. But 1t was realized at an
early date in the investigation of Hindu
astronomy that the Indian theories show
no influence of the Ptolemaic refinements
of the lunar theory. This is confirmed by
the planetary theory, which also lacks a
characteristic Ptolemalic construction,
namely, the “punctum aequans,” to use a
medieval terminology”.
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eccentric plus epicycle model

equant plus epicycle model
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Indian Planetary Theories

eccentric orbits (manda)

sing(a) =—esmna

epicycles (sighra)
tan p(y) =
(1) o = Z — ﬂyA
2) V=AW
3 ¢=V,— A
@ 7=Avs

Aryabhata’s text says:

rsin y
l+rcosy
v, =4+ Y%q(a)
Vv, =V + ) p(7)
V, =1 +q(a)
A=vy+p(y)

half the mandaphala obtained from the apsis 1s minus
and plus to the mean planet. Half from the sigraphala

1s minus and plus to the manda planets. From the

apsis they become sphutamadhya [true-mean]. From
the sigraphala they become sphuta [true].
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Pingree wrote in 1971:

“The orbits of the planets are concentric with the
center of the earth. The single inequalities
recognized in the cases of the two luminaries are
explained by manda-epicycle (corresponding
functionally to the Ptolemaic eccentricity of the
Sun and lunar epicycle, respectively), the two
inequalities recognized in the case of the five star-
planets by a manda-epicycle (corresponding to the
Ptolemaic eccentricity) and a sighra-epicycle
(corresponding to the Ptolemaic epicycle). The
further refinements of the Ptolemaic models are
unknown to the Indian astronomers.”

and again in 1980:

“The Indians’ geometrical models for computing
the corrections to the planets’ mean longitudes,
while derived from Greek sources, are crude in
comparison to Ptolemy’s.....The dimensions of the
epicycles of the five planets selected by Aryabhata
I are unrelated to Ptolemy’s eccentricities and
epicycles, as is clear from Table 4 in that same
article; and Aryabhata I has nothing corresponding
to the Ptolemaic equant.”
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Jupiter

— Almagest = Sunrise

500

502 504 506 508 510 512

Most of the difference 1s due to poor orbit
elements in the Sunrise model.

What happens 1f we use identical orbit
elements in both models?
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Therefore, 1t 1s clear that the Almagest
equant and the Indian models share the same
mathematical basis.

Let’s do an audience survey by a show of
hands:

Who knows, apart from anything I have told
you, that in 1961 a paper was published
claiming that the Indian theories were based
on the equant?
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In fact, all of this has been known since:

B. L. van der Waerden, “Ausgleichspunkt,
‘methode der perser’, und indische

planetenrechnung”, Archive for history of
exact sciences, 1 (1961), 107-121.

e power series 1dentical through
O(e,r, e’ 1" er):

—2esina +2e” sinacosa +rsin y —r”sin ¥ cos ¥ +

er(2sin o cos ¥ —cosasin y) + O(er’,e’r)

e factor 72 in steps (1), (2) follows
directly from bisected equant

¢ Indian algorithm decouples the two
anomalies (accomplished in the
Almagest by a clever interpolation
scheme).
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Conclusions:

e yes, Hipparchus was very good at
trigonometry

¢ did Ptolemy invent the equant? It doesn’t
seem likely, since while Indian planetary
models are based on the equant, almost
everything else 1s less developed than
what we find 1n the A/magest.

e 1t appears more likely that Greek
astronomy 1n the period 120 B.C — 120
A.D. was rather advanced, but we have
very little idea who knew what, or when.
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If you want to know more:

these slides and a written version of this talk
are at www.csit.fsu.edu/~dduke/articles

“Hipparchus’ Eclipse Trios and Early
Trigonometry”, Centaurus, 47 (2005) 163-
177.

“The Equant in India: the Mathematical
Basis of Ancient Indian Planetary Models”,

Archive for History of Exact Sciences,
(2005), forthcoming.
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