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Did you know 
eclipse patterns were 
recorded by ancient 
Babylonian Chaldean 
peoples?

The Met, metmuseum.org

Ancient people figured out 
the Saros cycle for 
centuries, tracked all 5 
planets visible to the 
naked eye, Halley’s comet 
and invented an early 
version of calculus

A Saros cycle is 18 years, 
11 days, and 8 hours… 
meaning the eclipse 
repeats 1/3 of the way 
around the globe

You can help decipher 
ancient middle eastern math 
discoveries and learn to 
read cuneiform

In text A, Jupiter’s motion along the ecliptic is
described in terms of its daily displacement (mod-
ern symbol: v) expressed in °/d (degrees/day) and
its total displacement (S) expressed in degrees. A
crucial new insight about scheme X.S1 provided
by text A concerns its use of piecewise linearly
changing values for v. Although not formulated
explicitly, this linear dependence on time is clearly
implied (8). Jupiter’s motion along the ecliptic is
described for two consecutive intervals of 60 days
between its first appearance and its first station.
For each interval, initial and final values of v are
provided. Note that Babylonian astronomy em-
ploys a sexagesimal; i.e., base-60 place-value system

in which numbers are represented as sequences of
digits between 0 and 59, each associated with a
power of 60 that decreases in the right direction. In
the commonly used modern notation for these
numbers, all digits are separated by commas, ex-
cept for the digit pertaining to 60°, which is
separated from the next one pertaining to 60−1

by a semicolon (;), the analog of our decimal point.
For the first interval of 60days,v0=0;12°/d (=12/60)
and v60 = 0;9,30°/d (=9/60 + 30/602). Their sum
is multiplied by 0;30 (=1/2), resulting in a mean
value (v0 + v60)/2 = 0;10,45°/d, which is multi-
plied by 1,0 (=60) days, resulting in a total
displacement S = 1,0•(v0 + v60)/2 = 10;45°. For

the second interval, v60 = 0;9,30°/d and v120 =
0;1,30°/d (=1/60 + 30/602), leading to (v60 +
v120)/2 = 0;5,30°/d and S = 5;30°. The sum of
the total displacements, 10;45° + 5;30° = 16;15°, is
declared to be the total distance bywhich Jupiter
proceeds along the ecliptic in 120 days. In other
words, the ecliptic longitude of Jupiter after 60
and 120 days is computed as l60 = l0 + 10;45°
and l120 = l0 + 16;15°, respectively.
Text A doesnot describe how v varies fromday

to day, but of the three forms of time dependence
of v that are attested in Babylonian planetary
texts—piecewise constant, linear, or quadratic in
each time interval (2, 9)—only the linear one comes
into question. If v were piecewise constant, then
S should equal 60•v for each interval. If v were
piecewise quadratic, then S = 60•(v0 + v60)/2 can
only be some rough approximation. That would
be unexpected, since other tablets imply that some
Babylonian scholars in this period were familiar
with the exact algorithm for summing a quadratic
series (9, 10). By contrast, the values ofS computed
in text A are exact if one assumes that v changes
linearly in each interval. It follows that in scheme
X.S1, vdecreases linearly from0;12°/d to 0;9,30°/d
between day 0 and day 60, and from 0;9,30°/d to
0;1,30°/d between day 60 and day 120.
This new reconstruction of the first 120 days of

scheme X.S1 results in trapezoidal figures if v is
plotted against time in amodern fashion (Fig. 2).
It is important to note that text A itself does not
contain or imply a geometrical representation.
However, it turns out to be explicitly formulated
in the trapezoid procedures, texts B to E (figs. S1
to S4). Although their formulation differs in details,
at least three of them (B to D) consist of the same
two parts, I and II.
In part I, Jupiter’s total displacement for the

first 60 days of scheme X.S1 is computed. A cor-
responding introductory statement mentioning
Jupiter and themeasures of the trapezoid is part-
ly preserved in texts B and C, and perhaps in text
E (8). The number 10;45, referred to as the “area”
of the trapezoid (B, C), is then added to the “po-
sition of appearance” (B, C, D), the technical term
for Jupiter’s ecliptical longitude at first appearance,
i.e., l60 = l0 + 10;45°. Texts B andC partly preserve
the computation of 10;45 as the area of the trap-
ezoid through a series of steps equivalent to the
computations in text A. Its “large side” and “small
side,” v0 = 0;12°/d and v60 = 0;9,30°/d, are av-
eraged, (v0 + v60)/2 = 0;10,45°/d, which is then
multiplied by 60 days, thewidth of the trapezoid,
resulting in 10;45°. The latter operation is partly
preserved in text C and can be restored in text B.
Part II, partly preserved in texts B, D, and E, is

concerned with the time in which Jupiter reaches
a position referred to by a term tentatively trans-
lated as the “crossing” (8). It is now clear that this
denotes a point on the ecliptic, say lc, located
halfway between l0 and l60, i.e., lc = l0 + 10;45°/2.
This interpretation is consistent with a statement,
preserved only in text B, according to which the
“crossing” is located in the middle of Jupiter’s
“path,” readily interpreted as a reference to the
ecliptical segment from l0 to l60. Texts B and
D also preserve the following statement that
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Fig. 1. Photograph of text A (lines 1 to 7). (A) Full image. (B) Partial image of the right side taken
under different lighting conditions.
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Fig. 2. Time-velocity graph of Jupiter’s motion. Daily displacement along the ecliptic (v) between
Jupiter’s first appearance (day 0) and its first station (day 120) as a function of time according to scheme X.S1

as inferred from text A. All numbers and axis labels are in sexagesimal place-value notation.The areas of the
trapezoids, 10;45° and 5;30°, each represent Jupiter’s total displacement during one interval of 60 days.
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eastern tropical Pacific and Antarctica peaked
during each of the last two glacial terminations
(28), consistent with the timing of enhanced EPR
hydrothermal activity.
Isolating a mechanistic linkage between ridge

magmatism and glacial terminations will require
a suite of detailed proxy records from multiple
ridges that are sensitive to mantle carbon and
geothermal inputs, as well as modeling studies
of their influence in the ocean interior. The
EPR results establish the timing of hydrothermal
anomalies, an essential prerequisite for deter-
mining whether ridge magmatism can act as a
negative feedback on ice-sheet size. The data
presented here demonstrate that EPR hydro-
thermal output increased after the two largest
glacial maxima of the past 200,000 years, im-
plicating mid-ocean ridge magmatism in glacial
terminations.
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Ancient Babylonian astronomers
calculated Jupiter’s position from the
area under a time-velocity graph
Mathieu Ossendrijver*

The idea of computing a body’s displacement as an area in time-velocity space is usually traced
back to 14th-century Europe. I show that in four ancient Babylonian cuneiform tablets, Jupiter’s
displacement along the ecliptic is computed as the area of a trapezoidal figure obtained by
drawing its daily displacement against time.This interpretation is prompted by a newly
discovered tablet on which the same computation is presented in an equivalent arithmetical
formulation.The tablets date from 350 to 50 BCE.The trapezoid procedures offer the first
evidence for the use of geometricalmethods in Babylonianmathematical astronomy,whichwas
thus far viewed as operating exclusively with arithmetical concepts.

T
he so-called trapezoid procedures examined
in this paper have long puzzled historians
of Babylonian astronomy. They belong to
the corpus of Babylonian mathematical as-
tronomy, which comprises about 450 tab-

lets from Babylon and Uruk dating between 400
and 50 BCE. Approximately 340 of these tablets
are tables with computed planetary or lunar data
arranged in rows and columns (1). The remaining
110 tablets are procedure texts with computa-
tional instructions (2), mostly aimed at comput-
ing or verifying the tables. In all of these texts the
zodiac, invented in Babylonia near the end of the
fifth century BCE (3), is used as a coordinate sys-
tem for computing celestial positions. The un-
derlying algorithms are structured as branching
chains of arithmetical operations (additions, sub-
tractions, and multiplications) that can be rep-
resented as flow charts (2). Geometrical concepts
are conspicuously absent from these texts, whereas
they are very common in the Babylonian mathe-
matical corpus (4–7). Currently four tablets, most
likely written in Babylon between 350 and 50 BCE,
are known to preserve portions of a trapezoid
procedure (8). Of the four procedures, here labeled
B to E (figs. S1 to S4), one (B) preserves a men-
tion of Jupiter and three (B, C, E) are embedded

in compendia of procedures dealing exclusively
with Jupiter. The previously unpublished text D
probably belongs to a similar compendium for
Jupiter. In spite of these indications of a connec-
tion with Jupiter, their astronomical significance
was previously not acknowledged or understood
(1, 2, 6).
A recently discovered tablet containing an un-

publishedprocedure text, here labeled textA (Fig. 1),
shedsnew light on the trapezoidprocedures. TextA
most likely originates from the same period and
location (Babylon) as texts B to E (8). It contains
a nearly complete set of instructions for Jupiter’s
motion along the ecliptic in accordance with the
so-called scheme X.S1 (2). Before the discovery of
text A, this scheme was too fragmentarily known
for identifying its connection with the trapezoid
procedures. Covering one complete synodic cycle,
scheme X.S1 begins with Jupiter’s heliacal rising
(first visible rising at dawn), continuing with its
first station (beginning of apparent retrograde
motion), acronychal rising (last visible rising at
dusk), second station (end of retrogrademotion),
and heliacal setting (last visible setting at dusk)
(2). SchemeX.S1 and the four trapezoid procedures
are here shown to contain or implymathematically
equivalent descriptions of Jupiter’s motion during
the first 60 days after its first appearance. Whereas
scheme X.S1 employs a purely arithmetical ter-
minology, the trapezoid procedures operate with
geometrical entities.
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“creative” AI by DALL E-3

Google and Apple of their 
day – Advised on religious, 
agriculture, and government 
affairs

Cuneiform Digital Library Initiative 
https://cdli.mpiwg-berlin.mpg.de/
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If you get to experience a 
total solar eclipse, you will 
see the rare opportunity to 
view the hot outer 
atmosphere of the Sun, its 
corona.

Auroras are the result of 
processes that start on the 
Sun and change all the time. 
If you want to see them, or 
report a sighting visit 
Aurorasaurus.org.

Processes within the Earth’s magnetic field, called its 
magnetosphere, are complicated. Charge particles follow the 
Earth’s magnetic field lines and can get trapped in donut 
shaped regions called the Van Allen Radiation Belts. NASA 
studies these regions in the field of Heliophysicsand aims to 
understand this complex system to the point of predictability, 
protecting us from space weather. The aurora is caused by 
some of these trapped particles raining down on the upper 
atmosphere and lighting it up.

This image is not to scale as the Earth is 93 million miles away 
from the Sun. The sun is always sending us charged particles 
as well as light. Earth is protected from these particles by its 
magnetic field, which extends out into space. 

The Sun is much bigger than Earth 
and changes with time. Did you know 
every 11 years it reaches a maximum 
of activity where sunspots can be 
much larger than Earth?
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How Does 
Parker Solar Probe 

Stay Cool?

A  M I S S I O N  T O  T O U C H  T H E  S U N

FLYING CLOSE TO THE SUN IS
HARD — AND EXTREMELY HOT.

PARKER SOLAR PROBE SURVIVES 
THIS VOYAGE BEHIND A SUPER-TOUGH 
HEAT SHIELD.

1700°F

80°F

THE SHIELD DEFLECTS HEAT AND 
ENERGY, SO PARKER OPERATES 
AT NEAR-ROOM TEMPERATURE!

THE THIN, LIGHT SHIELD IS CARBON 
COMPOSITE FOAM BETWEEN CARBON 
PLATES, TOPPED BY REFLECTIVE 
WHITE CERAMIC COATING.

Have questions about space weather
and the parker solar probe mission?

ask parkerbot!
visit

parkersolarprobe.jhuapl.edu/parkerbot/

AND EARTH IN THE OTHER, THE HEAT 
SHIELD ALLOWS PARKER TO GET TO 
THE 4-YARD LINE!

IF YOU THINK OF SPACE AS A FOOTBALL 
FIELD, WITH THE SUN IN ONE END ZONE,

4-yard line (3.8 million miles)

93 million miles
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HamSCI and its members are 
excited to participate in the 
Heliophysics Big Year by 
promoting our Personal 
Space Weather Stations 
(PSWS):  HF and VLF radio 
receivers, plus ground 
magnetometers. A PSWS can 
be hosted by almost anyone!

More sophsticated versions 
of the PSWS are available - 
some can montior the entire 
HF radio spectrum from a 
few hundred kHz to 50 MHz.   

See hamsci.org/psws for 
details. 

Summary 

HamSCI’s researchers have 
long utilized the skills of 
citizen scientist / volunteers 
to advance space physics 
knowledge.  The HBY 
presents many more 
collaboration opportunities. 

The simplest PSWS is the 
Grape 1. It is a user-built 
printed circuit board radio 
that is connected to the 
Web via a Raspberry Pi, 
allowing for data collection 
on a 24/7/365 basis. 

Stations in the PSWS 
network will be observing 
the passage of Cycle 25, the 
most active solar cycle in 
decades. 

PSWS frequently detect the 
impact of solar events, such 
as coronal mass ejections 
and solar flares.  The data 
generated by each PSWS is 
visible to the station host 
and it is shared, via HamSCI 
servers, with researchers 
across the globe.

PSWS contain radio receivers 
which monitor skywave 
signals from precision 
transmitters, measuring the 
signals’ frequency and 
amplitude as the ionosphere 
refracts the signals back to 
the Earth’s surface. SSN
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ith educators, 

schools and clubs.

http://hamsci.org/psws

