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r
v
d

o
i

iiis
o

f

lasis
C

111
(0

)k
t((

(1

I
(111)

1

tl
o
i

1
i

1
1
1

1
’

,

rq
12,35,3

12
(5,3

,20
isint

IO
U

II
1

.1
1

s
iitt

1
N

t
1

h
etu

et
i

lit
111

su(h
f1i
r

4
4
(

r>
7

4
(

<
ii4

S

,
r
4

4
If

8
2

0
(
i

‘i

ii’
tic

IfliX
i

1
1

‘11

n
4)

(

e
e
d

is
a

ft
ii

I
tX

X
n

iu
n

M
)

IS
ta

n
t

duff
1

iC
C

n
a
r

tIll
1

X

sy
n

o
d

a
1
1
0

(
4

tN
S

e
a
n

is
to

say
4

petals
o

n
th

e
c

irrectio
n

is
w

d
w

ith
th

is

C
om

plicated
lb

se
tablets

(eltain
(‘001—

(1
1

of
these

in
ikets

a
d

as
follow

s
‘lay

tablets).

ng
G

—
G

.
ing

C
C2.

4)
increasing

B
etw

een
4)

=

an
d

also
n

reasing),
G

1111
in

w
hich

have
length

tia
table

in
is

that
the

C’,
is

a
nice

,
,

stretch
(see

g$unction
O

20
m

inunuin
38

3
1
,6

,4
0
=

m
um

O
and

rious
phase

itted
since

w
e

V
n

d
er

W
aerden

I
D

eiecl,

3

t
A

,tie
n

a
ti

,
A

II

A
I’

G
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O
pposite

[4)
2

8
11

120
1111

all
put

t
fuorn

2

I
V

V
I

V
II

V
III

IX
X

X
I

X
II

FIG
uR

E
2.

to
tw

o
other

functions
F

and
G

,
w

hich
are

tabulated
in

the
sixth

and
seventh

c
o

lu
m

n
o
f

tile
table

(see
F

igure
1,

in
w

hich
the

third,
fourth

and
fifth

colum
ns,

dealing
w

ith
the

position
of

the
sun,

the
length

of
daylight

and
the

lunar
la

t

itude
have

been
om

itted).
T

o
avoid

confusion,
the

m
axim

um
,

m
inim

um
and

constant
difference

of
4)

w
ill

be
indicated

from
now

on
as

M
,
m

and
4

.
T

he
sixth

colum
n

displays
values

of
a

function
F

,
the

lunar
daily

m
otion

in

degrees.
A

s
a

m
atter

of
fact,

F
is

an
abbreviated

form
of

a
function

F
’

w
hich

appears
on

other
tablets

and
w

hich
is

a
zigzag-function

w
ith

m
axim

um
M

F

=
15;56,54,22,30,

m
inim

um
m

F
=

11;4,4,41,15,
and

constant
difference

d
F

.
=

0;42,0,0,0.
T

he
unit

of
m

easurem
ent

is
the

degree
(note

th
at

the
B

abylonian

astronom
ers

introduced
the

division
of

the
circle

into
360

degrees).
E

xperience

tells
us

th
at

4)
and

the
unabbreviated

function
F*

are
exactly

in
phase.

T
he

abbreviated
function

F
on

tablet
N

o.
1

has
the

sam
e

constant
difference,

but

since
the

m
axim

um
and

m
inim

um
are

rounded
to

M
F

=
15;57,

m
F

=
l1;4,

the

period
of

F
is

slightly
different

from
th

at
of

F
’

and
4).

In
the

seventh
colum

n
w

e
fin

d
values

of
a

function
C

,
w

hich
indicates

the

length
o

f
the

synodic
m

onth.
G

(X
)

is
the

tim
e

interval
from

the
full

m
oon

in

m
onth

X
-
-

1
to

the
full

m
oon

in
m

onth
X

.
T

he
synodic

m
onth

is
alw

ays
29

days
plus

a
fraction,

and
the

B
abylonians

only
recorded

the
fraction

in
“tim

e

casing
‘a

t

f
4)

‘naordu
g

n
e
tia

n
3
(

it

a
t

tl
e

dt
t’u

s
c

A
w

aldnim
lJ’,,

3320
a
n

l
ia

0
N

t
th

t(

‘iii

ad

X
‘1‘441

‘I
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Jan
P.

H
o
g
en

d
k

difference,
because

the
m

inim
a

of
O

com
e

(1
—
)

synodic
m

onths
later

than
the

m
axim

a
of

4>.
B

ecause
the

B
abylonian

tim
e-degree

corresponds
to

4
m

odern
m

inutes
(units

of
tim

e),
the

last
sexagesim

al
in

a
nuniber

such
as

C2
—

4,46; 42,57,46
in

d
i

cates
of

a
second.

It
is

obvious
th

at
the

B
abylonians

could
not

m
easure

such
sm

all
tim

e-intervals.
T

he
functions

4>
and

C
therefore

belonged
to

a
m

a
th

em
atical

m
odel,

the
m

otivation
of

w
hich

w
as

unclear
in

1955,
w

hen
N

eugebauer
published

his
A

stronom
ical

cuneiform
T

exts.
A

round
that

tim
e

a
clue

w
as

found
by

the
fam

ous
assyriologist

A
.

Sachs,
N

eugebauer’s
colleague

in
the

H
istory

of
M

athem
atics

D
epartm

ent
at

B
row

n
U

niversity
in

P
rovidence

(11.1.).
O

n
a

tablet
for

the
com

putation
of

4>,
Sachs

w
as

able
to

read
the

sentence

“17,46,40
is

the
addition

or
subtraction

for
18

years”.

W
e

have
seen

the
num

ber
17,46,40

=
before,

in
the

com
putation

of
G

from
4>

near
the

extrem
a.

Sachs
observed

th
at

“18
years”

is
tIme

B
abylonian

nam
e

for
a

period
of

223
synodic

m
onths,

w
hich

is
now

adays
called

a
S

aros
period.

T
he

S
aros

period
is

im
portant

in
(ancient

and
m

odern)
lunar

theory
because

it
is

very
nearly

an
integer

m
ultiple

of
the

periods
of

tw
o

other
lunar

phenom
ena,

nam
ely

the
anom

alistic
m

onth
(the

m
ean

period
of

lunar
velocity)

and
the

draconitic
m

onth
(the

m
ean

period
of

lunar
latitude).

L
unar

and
solar

eclipses
often

occur
w

ith
intervals

of
1

Saros,
so

the
B

abylonians
probably

discovered
the

S
aros

period
by

analysing
the

eclipse
observations

th
at

had
been

m
ade

since
the

eight
century

B
.C

.
Sachs’

w
ork

w
as

continued
by

N
E

u
G

E
B

A
u
E

R
[5].

N
eugebauer

show
ed

th
at

4>(X
+

223)—
4>(X

)
=

.
±

17,46,40,
so

the
passage

w
hich

Sachs
deciphered

m
akes

sense.
T

hus
w

e
can

w
rite

4>(X
+

223)
—

4>(X
)

—
±

4
.

N
eugebauer

noticed
that

4>
and

C
have

the
sam

e
period;

hence
also

O
(X

+
223)

-
O

(X
)

=

Since
d

—
25;4

8
,3

8
,3

1
,6

,4
0

=
.4

,
he

concluded

O
(X

+
223)

-
O

(X
)

—
±

4

and
he

stated
th

at
“4>

m
easures

tim
e

in
com

paring
the

length
of

lunations
one

Saros
apart”

[5,
p.

8].
T

hus
the

unit
of

m
easurem

ent
of

4>
is

the
tim

e-d
eg

ree.
4

how
ever,

the
precise

m
eaning

of
4>

and
the

connections
betw

een
4>

and
C

w
ere

still
unclear

to
N

eugebauer.
N

ow
V

an
der

W
aerden

enters
the

scene.
In

the
first

edition
of

his
book

Science
A

w
akening

(1966)
[8],

pp.
148-153,

V
an

der
W

aerden
explained

the

T
hus

if
the

m
inim

u
i

phase
difference

is
V

an
dec

W
aerden

cc
I

h
A

4
)X

can
be

used
to

com
p

i
4)

as
so

in
is

value
G

(X
0)

are
know

i
c
i

tnt
that

tI
fin

c
tio

n
ro

u
n
d
e
d

at
th

xl
iu

ike
()

I
C

on
the

clay
tablets

I
xerden

i
‘a

b
e

the
tablets

is
produced

Ii
ne

replacc
4>,

defined
as

follow
s

If
4>

2;
13,20

then
4)

20
if

4>
1;58,31,46

41
Ie

i
11

8
31

4
4

If
1;58,31,46,40’c

4
1

21
thet

4)
4)

T
hus

V
an

der
W

aere
en

s
uretatm

om
is

I
It

truncated
function

4)
i

tate
seen

used
I

td
In

1968
A

,
A

A
B

0I
[1

C
iS

found
a

H
ics

to
4

as
predicted

by
V

an
dci

A
e

dci
W

e
non

km
n

w
as

so
im

portant
fos

th
H

hylot
ians

th
it

t
m

T
h

e
function

0
only

in
I.e

s
r

nom
a

al
ten

st
argum

ents
such

as
X

-
1

1
Iefin

o
by

rues
it

in
F

igure
2.

O
f

course
I

i
t

r
a

h
th

e
r

th
b
t

argum
ents;

they
hays

lef
.

1
1er

a
r

hi

V
an

der
W

aerden
a

D
etects

e
N

a
n

M
atherrrjt

a
s

,
151

m
ystery

of
4>

and
the

idea.
If

w
e

delete
thi

G
(X

+
2

2
3
)

—
G

(X
)

are
not

yet
concernec

)
m

ete
hetw

eem
4)a

d
in

0
xes

in
the

as
f)

1
litH

n
w

h
e

1
)

1d
u
n

i
h
c
r

A
.

G
(X

+
2

2
3

)
(A

41

4
.4

G
(X

(X
)i

(

T
he

quantity
(G

(X
f

w
hich

begins
w

ith
th

plus
a

fraction,
and

fraction,
m

easured
in

of
the

synodic
m

ontl
days).

T
hus

V
an

d
e
c

I
((X

4
2

2
3

i
ontl

X
Is

erden
the

r
‘r

e
(N

ote
l

Ia
‘lonm

an
sciil

‘a
a

t
s

rd
‘a

011C
C

1nrc
h

G
(X

+
1
)+

G
(x

+
X

i2

U
sing

this
definitio

betw
een

C
and

4).
Sine

m
onths,

w
e

h
av

e
5

G
(

4>(X
)—

4>(X

4)
a
t

f
t

fthe
follow

ing
ip

uer,
w

e
obtain

f
the

tim
e

(w
e

$
urns

period
tys

6585
days

s
exactly

this
(

the
length

tnt
num

ber
of

I
iiic-degrees.

hase
difference

m
e

in
s
y

n
o

d
ic

t
s
o
th

e

id
one

initial
‘a

I
xesd

a
z
ig

z
a
g

)
the

function
m

d
io

n
C

on
ated

function

dcc
W

airdet
ds

of
4>

(at
c

(A
1)

G
(X

s
th

tax
in

I
t

the
rel’i

mc

th
at

such
a

t
otny
etform

tablet,
son

at
2;13,20

4)
after

this

Ft
r

fractional
zrgsag-function

f
r

fractional

to
r:

60
tim

e
degrees,

called
a

“large
hour”.
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H
o
g
en

d
k

num
l)er.

T
hey

w
ould

say
“the

2;13,20
of

th
is

m
o
n
th

is
1:59,48.

.
.
.
“
,

m
ean

in
g

:
4)

of
th

is
m

o
n
th

is
1;59,48

In
th

e
second

edition
of

Science
A

w
akening

[9,
pp.

226-229},
V

an
(icr

V
laerden

in
clu

d
ed

th
e

evidence
found

by
A

ab
o

e,
b
u
t

he
om

it.4
ed

m
o

st
of

th
e

reaso
iu

n
g

w
hich

he
had

used
to

unravel
the

m
ean

in
g

of
4
)6V

te
now

tu
rn

to
an

o
th

er
exam

ple
of

V
an

der
V

laerd
en

s
research.

co
n
cern

in
g

a
11

le
tIo

v
a

I
Im

lian
Ille

tIn
el

for
com

pu
ing

planetarv
posit

io
n

s
,

w
inch

ap
p
eared

in
11w

i<
iian

d
ak

h
td

iw
ak

a
of

B
rah

m
ag

u
p
t

a
(7111

cen
tu

ry
)

and
in

a
v

ariety
of

o
th

er
S

an
sk

rit
astronom

ical
tex

tb
o
o
k
s

of
th

e
sam

e
p

erio
d

.
F

irst
w

e
have

to
ex

p
lain

sonw
basic

p
rin

cip
les

of
g

eo
cen

tric
m

o
tio

n
an

d
th

e
co

rresp
o
n
d
in

g
tech

n
ical

term
inology.

F
rom

a
g

e
o

c
e
n

tric
p
o
in

t
of

view
,

the
sun

m
oves

around
the

earth
£

in
a

period
of

one
year,

w
ith

a
slig

h
tly

varying
velocity

d
ep

en
d

in
g

on
its

position
in

th
e

eclip
tic.

Ih
e

m
o

tio
n

is
slow

est
in

the
late

spring,
w

hen
th

e
sun

in
th

e
sign

G
em

ini.
an

d
is

fastest
in

the
late

au
tu

m
n

,
w

hen
th

e
sun

is
in

th
e

sign
S

ag
ittariu

s.
T

h
e

m
edieval

in
d

ian
astro

n
o
m

ers
ex

p
lain

ed
th

e
so

lar
m

o
tio

n
as

follow
s

(F
ig

u
re

3).
T

h
ey

co
n

sid
ered

a
p

o
in

t
A

l
m

oving
u

n
ifo

rm
ly

in
th

e
plane

of
tile

eclip
tic

on
a

circle
w

ith
cen

tre
th

e
earth

E
,

and
th

e
assu

m
ed

th
a
t

th
e

sun
S

m
oved

uniforuilv
on

a
‘ery

sm
all

circle
w

ith
cen

tre
A

!.
T

h
e

ro
tatio

n
s

of
Ptl

and
S

are
in

opposit.e
d

irectio
n

s
but

w
ith

th
e

sam
e

p
erio

d
(a

y
ear),

so
M

S
is

alw
ays

p
arallel

to
a

line
from

E
to

a
fixed

p
o
in

t
A

,
w

hich
is

lo
cated

ill
the

sign
G

em
ini

in
th

e
eclip

tic.
P

oint
A

is
th

e
apogee;

in
o
th

er
w

ords
S

is
at

tile
g
reatest

d
istan

ce
from

th
e

earth
w

hen
A

l
is

at
A

.
7.

T
ile

large
circle

is
called

th
e

d
eferen

t.
an

d
tile

In
d
ian

astro
n
o
m

ers
p
u
t

its
rad

iu
s

I?
eq

u
al

to
sonic

in
te

g
e
r

(fo
r

e
x

a
m

p
le

150).
T

hey
called

th
e

sm
all

circle
a

m
an

d
a-ep

icv
cle.

and
th

e
y

expressed
its

radius
r1

in
the

sam
e

u
n

its
as

B
.

N
u
m

e
ric

a
l

v
a
lu

e
s

fo
r

th
e

ratio
r1,

:
B

and
tile

p
o
sitio

n
o

f
A

in
the

eclip
tic

w
ere

d
eterm

in
ed

from
o

b
se

rv
a
tio

n
s

o
f

th
e

S
tIll

o
r

d
e
riv

e
d

fro
m

e
a
rlie

r
In

d
ia

n
o
r

G
reek

so
u
rc

e
s.

lii
o

rd
e
r

to
c
o
m

p
u
te

the
p

o
sitio

n
o

f
th

e
sun

S
a
t

a
g

iv
en

m
o
m

e
n
t,

the
as—

tro
n
o
n
ie

rs
first

fo
u
n
d

the
angle

i
=

Z
A

IE
A

,
c
a
lle

d
tile

“
c
e
n
tr

e
,

8
a
s

a
lin

e
a
r

fu
n

c
tio

n
o
f

tu
lle

.
‘1

h
e
n

tile
a
stro

n
o
m

e
rs

c
o
m

p
u
te

d
by

elem
entary

trig
o

n
o

m
e
try

9
tile

m
an

d
a

co
rrectio

n
jt(tc

)
=

L
S

E
A

I.
T

hen
is

ja
(is

)
gives

th
e

ap
p
aren

t
p
o
sitio

n
o
f

S
w

ith
re

sp
e
c
t

to
the

apogee
A

.
T

h
e

v
elo

city
of

th
e

o
th

er
p
lan

ets
as

seen
from

tlle
earth

d
ep

en
d
s

to
som

e
e
x
te

n
t

on
their

positions
irk

tim
e

eclip
tic,

b
itt

to
a

m
nuch

larg
er

ex
ten

t
on

their
posit

ions
w

ith
respect

to
the

sun.
io

account
for

tile
second

effect,
th

e
In

d
ian

astro
n
o
m

ers
used

a
second

ty
p
e

of
epicycle,

th
e

sighra-epicycle
(F

ig
u

re
4),

w
hich

is
a

larg
er

epicycle
w

itIi
cen

tre
C

an
d

rad
iu

s
r0.

T
h

e
cen

tre
C

ro
tates

u
n

iftrrn
ly

on
a

d
eferen

t
circle

w
ith

rad
iu

s
B

an
d

cen
tre

th
e

earth
E

.
F

or
th

e
su

p
erio

r
p
lan

ets,
the

p
lan

et
P

m
oves

u
n

ifo
rm

ly
on

th
e

sighra-epicycle
such

tT
h

e
relation

betw
een

and
G

is
also

explained
in

N
eugebauer’s

llA
M

A
[6,

vol.
1,

pp.
505-51

l[,
but

I
find

his
ex

p
lan

atio
n

less
clear

th
an

th
at

given
h

V
an

der
W

aerden.
7T

h
e

Indian
a
s
tr

o
n
o
m

e
r
s

knew
th

at
the

apogee
A

is
variable,

b
u
t

the
variation

is
so

slow
th

at
th

e
effect

is
only

noticeable
after

centuries.
8T

h
e

term
is

k
n

lro
n

in
G

reek,
“kendra”

in
S

anskrit,
suggesting

a
tran

sm
issio

n
from

G
reece

to
In

d
ia

9’rtie
Indian

a.stronom
ners

invented
the

sine
function.

F
l;tlu

3

th
a
t

line
P

C
is

alw
ay

aralit
to

E
M

w
ins

i
il

a’
j

ng
the

E
arth

an
d

th
e

cen
tre

of
the

inandn—
cp

c
y

c
k

of
the

S
m

‘°
In

hi
ass

of
Ju

p
iter,

for
instance,

P
re

v
o

lv
e
s

o
n

lb
s

sighra—
epicvcle

in
approxim

ately
400

d
ay

s)
I

the
period

b
e
tw

e
e
n

tw
o

superior
conJunctions.

111(1
C

rev
o’

on
th

e
d

eferen
t

in
ab

o
u

t
tw

elve
y
ears

w
h

f
r
i

the
ins

dora
it

ow
tile

p
erio

d
of

Ju
p
iter’s

rev
o
lu

tio
n

&
ii

I
ti

su
n
)

2
Fhs

aoi
is

I
szqhro-epicycle

w
as

ag
ain

ex
p
ressed

in
te

sam
t

u
n
its

u,
Ihe

rtdne,
f

the
d

eferen
t

circle.
T

h
e

p
aram

eters
of

tile
m

odel
w

ere
derived

from
olas’rvations

or
co

p
ied

from
earlier

sources.
L

et
E

C
in

tersect
th

opicycie
a
t

Q
T

h
e

1
dian

roan
‘rs

found
th

e
anom

aly
a

=
Z

Q
C

P
as

lim
ar

functiom
of

a
e

I
s

and
th

e
c
o
n

stant
R

th
ey

found
by

r
ien

tr3
trigon

iii
c

h
is

gre
correction

L
P

E
C

=

F
rom

the
Indian

point
of

view
,

reality
is

m
ore

conil$icated
titan

tile
p

re
c
e
d
in

g

5
0

T
h

u
s

point
P

on
th

e
szqies

e
p

le
t
n
e

dos’s
not

rcvols
w

ith
ii

a
in

s
gular

velocity
as

point
C

on
th

e
deferent;

th
an

d
p

yck’
res

s
s

s
i

Ii
thi

sn5
velocity

as
the

deferent,
b
u
t

in
th

e
o

p
p

o
s
its

I
rn

t
1
5

T
h

e
revolution

is
m

s’s.
w

it
re

s
p
e
c
t

t(
a’

L
‘2T

o
m

ake
th

e
connect

1in
‘siti

S
lseliocsntris

m
odel,

onir
is

t
a
r,

elo
g
ram

n
E

C
Q

Z
and

suppose
th

at
th

e
su

n
is

a
t

;s

V
an

der
W

aerden
s

D
etectn

e
N

ik
M

athem
ati

a
A

s
a

c
y

-
153

/
//

1,44
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P
Q

C

M

E

F
IG

U
R

E
4.

m
odel

suggests.
T

he
Indian

astronom
ers

knew
th

at
the

velocity
of

the
planet

also
depends

on
its

position
in

the
zodiac,

and
th

ey
therefore

assum
ed

th
at

each
planet

had
a

,szghra-epicycle
as

w
ell

as
a

rnanda-epicycle
like

the
sun

(w
ith

a
different

fixed
point

A
and

a
different

r
for

each
planet).

T
he

next
problem

w
as

how
to

com
bine

the
effects

of
the

m
anda-

and
sighra-epicycles.

T
he

Indian
astronom

ers
prescribed

various
procedures

for
the

com
putation,

in
the

style
of

a
cookbook,

but
they

did
not

answ
er

the
question

of
how

the
m

anda-
atid

sighra-epicycles
fit

together
in

one
geom

etrical
m

odel.
I

w
ill

now
discuss

V
an

der
W

aerden’s
analysis17] ofthe

procedure
described

in
the

K
handakhadyaka

of
B

rahrnagupta
(seventh

century).
I

use
the

notation
u

for
the

rnanda—
correction

(Z
M

E
A

in
the

m
odel

w
ithout

sighra-epicycle,
F

igure
3,

w
ith

param
eters

A
and

r
adjusted

to
the

planet)
and

a
for

the
sig

h
ra

correction
(t

P
E

C
in

the
sim

ple
m

odel
w

ithout
m

anda-epicycle,
F

igure
4).

1.
F

ind
angles

c
and

a
(as

linear
functions

of
tim

e).
2.

C
om

pute
the

follow
ing

quantities:
a

+
u
(a

)
K

2
—

K

1(3
=

K
—

1
L

(K
2

)

V
an

der
W

aerden
s

D
etec

W
or

M
athern3ti

(tron

=
+

u
(o

T
hen

a4
is

assum
ed

to
lie

the
arc

b
eta

eon
4

and
1lie

posit
m

of
the

planet
as

seen
from

the
E

ar
1

T
his

procedure
do

a
d

a
a

m
ake

e
fr

am
cipoint

of
view

.
O

f
course

it
is

not
am

a
i

t
ass

one
th

c
t

is
a

i
m

rs
explained

th
e

p
lan

etary
n
io

t
a

ii
is

t
I

to
w

i
t

a
e

a
i

of
sist

c
o

t
m

odel,
n
v
o
lv

in
g

a
p
o
in

t
P

tnovi:
n

ii
e
p

h
vi

h
.th

c
e
n
t

i
o
f

ii
1i

I
i

ic
e
s

o
n

a
n
o
th

e
r

epicvcle
etc.

In
ln

d
in

i
n
a
tn

rd
p
h

iln
so

1
1\

till
<bc

lo
t

o
ils

of
Ilie

pb;lneIs
from

iinforin
111011011

W
elO

iii
1111)1110(1

to
tiic

cbcitiw
S

lq/iim
l

ii
(

and
lIandO

lcu
“A

pogee
w

ho
w

on
sittin

g
in

the
io

d
iia

and
tiufli

g
the

planet
in

one
w

ay
or

the
o
tll(

t
lii

II
1

glit
lit

1
11110

tIle
,

cad
s

of
w

ind.
N

evertheless,
one

in
p

k
a

i
the

rat
k

a
as

V
an

<icr
W

aerden
cam

e
up

w
it

lii
I

a
ing

C
X

I
h

It
5
)1

F
irst

he
show

ed
bt

toothe
atm

ob
an

t
‘isis

t h
e

i,
ftc

In
d

ian
as—

tronoiners
is

very
n

ark
<

‘qial
to

th
e

P
/i

1’
iii

I ho
so—

I.111)
<1

eqilant
m

odel
IF

ig
u
re

5)
in

the
A

lm
rtg

sf
ol

the
(re

e
k

astro
n
o
n
ier

P
t
o
h
m

s
0)11011

w
as

w
ritte

n
around

A
D

.
150)

Ii
Ih

i.
inodc

1.
th

e
plane’

P
In

o
v

c
.

iin
ifo

rn
ik

o
n

an
ep

icv
cle

w
ith

centre
C

’
an

d
r

idius
r’

i
I

I
m

on
a

It
root

i
a

it
ii

ra
d
iu

s
1?

and
centre

F
,

w
hiel

I
e

i
t

I
m

cid
1

1
thI

I’
F

1’
extended

n
te

r
s
e
c
ts

the
eclipta

A
a

1
A

w
t
i

u
t

I
a

ottO
W

e
now

ntroduee
th

e
cquatlt

ant
a

th
e

poin
11110

1<
<1

t
F

=
F

G
,

W
e

let
C

C
’

intersect
the

C
piovi

lo
at

Q’
and

as
jiit

0
’

Q’(
l
P

at
I

o’
aC

’ C
4’.

P
to

le
m

y
assitn

ies
that

Ilie
niot

ion
is

such
tlint

o
and

a
s

are
lin

ear
ftinctions

o
f

tim
e.

(T
hins

the
m

otion
oh

I
is

tiniforni
01111

respect
to

the
1

)‘ln
iit

point
C

).
U

sing
T

aylor
expansions

\
ti

let
\
\
a

r
I

‘ii
show

11
at

I
Z
P

IA
’

if
in

P
tolem

y’s
m

odel
a

1
I

ke
a

,
/

4’
at’

-
a,

T
he

L
pproxi1nat ion

is
c

q
uat

ti
I

I
c

ig
n
o
red

w
ith

respect
to

i?
TI

is
I

am
for

II
at

1
pt

r
F

F
&

A
ccording

to
V

an
dot

\\a
i

en,
the

a
ii

h
1110

t
ii

01(11<
t

betw
een

the
In

d
ia

n
te

x
ts

and
the

rh/m
uql at

l’annot
b

0
0
0

1
1

1
0

1
Iono<

If
cc

assum
e

th
at

th
e

In
d
ia

n
m

odel
p
ro

d
u
es

1
(0

0
(1

approxinuitions
tt

th
e

real
posit

io
n

s,
w

e
can

explain
the

coincideiucc,
because

P
tolei

is
a

equant
niodol

C
cn

also
be

used
o

predict
p

la
n

e
ta

r
p

w
it

11)11
c’u

rat
elI

H
ow

ec
A

n
+

cerden
prefers

th
e

hypothesis
th

at
t

i
t

tical
as

m
t

dat
1

as
e

eqtiant
tnodel

and
th

e
Indian

lo’o(
e
l

i
i

snIt
a

is.
a

a
A

ll
m

odern
h
isto

rian
s

believe
th

at
tlue

In
u

astro
n

w
i

crc
an

A
I

did
not

know
P

tolem
y’s

A
lrnag<

st.
be

am
a

th
ere

is
no

traoe
of

I
tolem

aic
trig

o
n

o
n
ietrv

and
P

to
iem

aic
spherical

natrononiv
in

1ndia.
H

ow
ever,

it
is

w
ell

know
n

th
at

G
reek

astronom
ical

w
orks

w
ritten

before
P

to
lem

s
(or

at
boat

not
iii

th
e

P
tolem

aic
trad

itio
n

)
w

ere
tran

sm
it

tod
to

In
d
ia.

V
an

d
r

\V
aerd<

ti
n

o
a

J
r

cc
s

th
e

follow
ing

conclusions
ab

o
u
t

th
tstorI

I
he

cpu,
at

tnork

1.
T

he
eq

u
an

t
m

o
t

I
cc

beer
w

ei
r

fore
P

toletny.
(T

his
is

rath
er

a
evobu

ion
try

cow
1

,uon
2.

T
he

“Indian”
proccdur

for
the

co
m

p
u
tatio

n
niiisi

h
ise

been
invented

in
G

reece,
as

p
art

of
an

ap
p

ro
x
im

ate
c
’o

ltlp
tlta

lP
n

of
p
lan

etary
positions

in
an

equant
m

odel
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R
H

ogendU
k

V
an

der
W

aerdens
L

ists
14

of
the

tw
o

niodels
sim

ilar
Indian

inetho
s

W
aerden’s

analysis
th

n
‘illat ions

in
the

sire.
I

T
o

understand
tht

s

S
anskrit

term
inolog

not
been

edited
or

i

futnrc
research

n
ia

1
Indian

m
ethod

is
‘a

isi
In

this
c
a
s
e

and
ii

m
ath

em
atical

insigl
I

I
em

aticians
and

n,ti
)

A
P

P
E

N
D

IX

T
he

reader
w

ho
ha

tronom
ical

theories
abstract

from
t lie

no
1095

1108],
to

w
h
a

h
K

epler’s
law

s,
th

e
p

t

the
foci.

F
rom

a
geo

c
w

ith
the

E
arth

‘it
o

i

is
sm

all
(ab

o
u

t
1

01
earth,

and
the

m
a
x

2
degrees

of
arc

It
w

ere
aw

are
of

th
e

t

the
sun

m
oves

unifo
i

can
be

reduced
to

located
suitably

(at
1

around
the

earth).
1

of
a

superior
p

lan
et

geocentric
equant

a
planet

is
P

an
d

d
r

s
in

the
sam

e
w

ay
as

E
in

the
sam

e
w

ay
m

otion
of

the
sun

a
is

th
at

the
m

otion
ofr

E
(on

a
deferent

ciii
m

otion
of

P
aro

u
n
d

badly
distorted

in
t

i

(w
ith

their
epicyck

s
centre,

T
he

reader
I

m
easured

by
anciet

their
apparent

dispi
i

e
the

surface
of

Ihe
ea

T
he

m
otion

of
th

i
orbit

is
essentially

a

It
5

w
o

rti
is

I
tin

g
tk

I
(

e
ills

i
i

‘le’
d
u
ri

a
las

h
act

th
ib

in
ii

i

a
nath

i
I

tIn
5

i5
(

I
tIn

si
I

I
i

n
i

s
i

itisin
I

X
P

)5
i

n
)

N
Ii

is
ref’

a
i

1
1

u
t

ii
s

i
s
a
x

fx
Ic

at.
t

a
t

uioti
i

lions
of

Iii
i

1
I
°

C
S

i
11)

I
i

‘
)ftl(

i
iii

sit

I
I

irs
pros

I

5
C

I
i)(

1
,5

tl
II

s
I

‘is
i

ir
ann

i
slioi

A
ttar

llij
se

)

itist
that

tI
rt

a
d

‘
‘

in
F

u
ses

r
n

h
id

I
n

s
a

i
i

I
eirtl

is
x

s
‘uxuls

I
x
i

i
tnt

p
o
u

t
e

I
oh

n
an

I
t

r
i

rut
viel

a
u

nts)
i
i

i
e

u

d
Is

i
i

nund
ha

Is
o

Is
cause

t1
1

x
t

be
ause

h
I

‘a
s

e

e
t

o
s
ita

lltr
C

s

u
d

h
e
’ir

1
i

i
th

e
th

r
<

1
1

r
ire

various
d

that
V

an
der

ds,
such

as
o

s
ie

alanets,
etc.

e
tI

tlit’
urious

ii
s

iurces
have

tot
chisions

of
ho

‘in
t hat

the

u
s
e
d

his
ow

n
n

Iiesal
m

ath

he
ancient

as—
follow

ing
is

an
6

o
l.

3,
PP

A
n

ording
to

n
it

at
one

of
e
s

n
an

ellipse
is

solar
ellipse

it
atound

the
on

are
only

i.
B

abylonians
aisum

es
that

artli,
the

error
tlie

circle
is

ri
it

of
Ilie

sun
entric

m
otion

I
by

P
tolem

y’s
,
/

and
the

i)se
around

C’
m

ove
around

I
apparent

W
e

s
a
n

assum
e

a
t

o
f

C’
around

x
im

a
tio

n
of

the
tI

e
planets

is
ites

the
planets

I
the

earth
as

C
’s

(O
U

ld
not

be
lanets

(that
is,

C
(entre

but
on

naked
eye

c
iu

s
e

the
lunar

isal
m

echanics.

M
ath’m

a
157

p

(1’

C

F
F

C
A

’

F
IG

u
R

E
5.

3.
T

he
inventor

m
ust

have
been

a
great

m
athem

atician,
probably

A
pollonius

of
P

erga
(ca.

200
B

.C
.),

w
ho

w
orked

w
ith

epicycles
and

knew
trig

o
n

o
m

etry.
4.

T
he

approxim
ate

com
putation

(but
not

the
geom

etric
m

odel)
w

ere
tran

s
m

itted
from

G
reece

to
India,

probably
via

(pre-Islam
ic)

Iran.
V

an
der

W
aerden

found
traces

of
a

sim
ilar

(but
sim

pler)
m

ethod
in

the
astro

nom
ical

handbook
of

al-K
hw

arizm
I

(ca.
A

.D
.

830),
w

ho
used

pre-Islam
ic

Iranian
sources.

T
here

seem
s

to
have

been
little

reaction
to

V
an

der
W

aerden’s
explanation

in
the

m
odern

literature.
A

s
far

as
I

know
,

his
conclusions

regarding
A

pollonius
of

P
erga

as
the

possible
author

of
the

approxim
ation

m
ethod

have
not

been
accepted

by
other

historians.
H

ow
ever,

his
analysis

is
an

interesting
piece

of
w

ork,
w

hich
could

lead
to

further
research.

It
w

ould
be

interesting
to

m
ake

a
num

erical
com

parison
betw

een
the

planetary
positions

predicted
in

the
fo

l
low

ing
three

w
ays:

by
m

eans
of

P
tolem

y’s
equant

m
odel

and
by

m
eans

of
the

Indian
procedures

(w
ith

historically
attested

param
eters,

and
in

a
relevant

tim
e-interval,

say,
betw

een
200

B
.C

.
and

A
.D

.
800),

and
according

to
m

odern
recom

putations.
T

hus
one

can
try

to
find

out
w

hether
the

m
athem

atical
co

incidence
is

the
result

of
a

historical
connection

or
of

a
close

correspondence
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I
know

of
no

d
etailed

investigation
of

th
e

overall
accuracy

of
B

abylonian
(or

G
reek)

lu
n
ar

theories,
b
u
t

it
seem

s
th

at
th

e
B

abylonian
theories

provided
very

reasonable
predictions

of
lunar

eclipses
and

first
sightings

of
the

lunar
crescent.

W
e

have
to

bear
in

m
ind

th
at

the
B

abylonians
possessed

n
eith

er
accu

rate
clocks

nor
in

stru
m

en
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for
m
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rin

g
th

e
longitude
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d
e
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m
oon

at
a

given
in
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t.
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a
historically
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g
question

how
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com
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B
abylonian
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of

4)
and

G
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derived
from

observations.
T
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question

has
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elucidated
in

a
recent

p
ap

er
by

M
rs.
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J.H
.

de
B

oer
L

angstraat
103,

6596
B

N
M

ilsbeek
T
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T
his

talk
has

oatui
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ti
e

‘sits
(

rn
s

)
c.

iods
in

tim
e

T
he

m
iddle

p
art

is
o

n
as

dci
V

aerd
n’s

e
I

up
e

gi
in

,eries
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p
ap

ers
republished

in
1983
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and

in
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E
in

fiil.isin
q

[1]
of

l0
ii

lS
(

‘siid
ed

itio
n

1973).
T

his
is

roughly
the

pcniod
1925—

1975.
Ii

order
o

ap
p
reciate

h
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w
ork,

w
e

m
u
st

go
back

to
th

i
sit

ion
i

us
w
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no

t
I
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p
art

of
th

e
Italian

alg
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raic
ge
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w
h
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S

eten
s

t
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d
u
i

ta
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the
first

p
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talk
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a
b
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l

S
ev

en
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h
a

p
o

rn
I

I
‘
t

s
o
r:
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ork

is
about

1900—
1950.
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the
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pant.
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(lie
period

195(1
2001..
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hat
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h’st

is,
or

s
ill

I
c.

liii
I
a
t

ii
sip

ificance
of

V
an

d
er

W
aerd

en
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algebn’
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b
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c
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p
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(see
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g
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