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NARRATIVES OF SPACE AND TIME
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6  Narratives of Space and Time

Many information displays report on the world's workaday reality

of three-space and time, Painting four-variable narrations of space-time
onto flatland combines two familiar designs, the map and the time-series,
Our strategy for understanding these narrative graphics is to hold con-
stant the underlying information and then to watch how various designs
and designers cope with the common data, Examined first are accounts
of the motion of Jupiter’s satellites, beginning with Galileo's notebooks.
Other case studies in our space-time tour are itinerary design (schedules
and route maps) and, finally, various notational systems for describing

-lll(l preserving li.ll](‘l' movements.,

The Galilean Satellites of Jupiter

On the evening llf‘_l.}llll.‘ll'}' 7, 1610, Galileo first turned his new n-lvu'nlw

toward Jupiter and saw three small, bright starlets near the planetary

disk. His book, The Starry Messenger, records the series of observations.!
Though I believed them to belong to the host of fixed stars, they somewhat aroused
my curiosity |v_\ their appearing to lie in an exact ‘»tl'.li_l:lll line ].\‘I|,|||(‘| to the ec |1E\|ir,

and by their being more splendid than other stars their size. Their arrangement with

respect to Jupiter and to each other was as follows:

Bast f * O * West

That is, there were two stars on the caster lj.‘ side and one to the west : the more
casterly star and the western one looked larger than the other, 1 paid no attention
to the scparations between them fmm_[upm-r, since at the outset | t]u\nllllln them

to be fixed stars, as said before,

But either Jupiter or the starlets or both were moving, for next evening
a different arrangement appeared. The three starlets were now all west
of Jupiter, closer together than before, about equally spaced:

East O * ¥k Xk West

l)"f

Two pages from Galileo's noteboaoks,
recording observations of four satellites
of Jupiter between December 16, 1612,
and January §, 1613

! The title page of The Starry Messenger
reads, “Unfolding great and surpassingly
wondrous sights, and offering everyone,
but especially philosophers and astrono
mers, the phenomena observed by Galileo
Galilei, a Gentleman of Florence, Professor
of Mathematics in the University of Padua,
with the aid of a telescope, lately invented
by him, on the surface of the moon, an in
numerable number of fixed stars, the Milky
Way, and Nebulous Stars, and above all in
four planets swiftly revolving around the
planet Jupiter at different distances and
periods, and known to no one before this
day, the author recently discovered them
and decided to call them The Medicean
Stars. Venice, Published by Thomas
Baglionus, 1610, With permission and
approval of superiors,”
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08 ENVISIONING INFORMATION

At this time 1 did not yet turn my attention to the manner in which the starlets had MOEDICEORVM _ PLANETARVM
ok - : adl inuicen, ot ad JOVEM ConiTimiones, frtrs in Womirbur Martio
gathered together, but I did begin to concern myself with the question how Jupiter o0 Apoil Ao M DOXHN, 4 GALITEO G.L. sarundom
. d. el e L]
could be cast of all these stars when on the previous 11l1{hl it had been west of two Vgl Mg
| ¥ =
of them. 1 commenced to wonder whether Jupiter mighe not be moving castward ‘-

at this time, contrary to the computations of astronomers, and had gone in front of Mg

them by that motion,

Galileo awaited the next night with great interest, but clouds blocked D 3 :
his view. Then on January 10, 1610 he did see Jupiter and was able to £ .
separate out motion nl'|1[.||n'1 from that of the starlets, a sequence of Xox P

observation and ]mglt .|t|=|1|m' up to one of the most Important sc ientific
discoveries ever made:

Galileo Galilei, Istoria ¢ dimostraziond intorno

On the tenth of January, however, the stars appeared in this position with respect alle macchie solari . . .[Welser sunspot letters

to Jupiter: (Rome, 1613), illustration of satellites (called
by Galileo **Medicean stars' in honor of his
patron) following p. 150

East * - o West

[o.i.w 1668,
That 18, there were but two nl’t!:vm, both ul\lvll\, the third (as | \l||||m\t'|‘) l\l'lllu Configurationes Mediceorum,
hidden behind Jupiter, As at the beginning, they were in the same straight line ] Hora 10. P.M.
w u\»_ln]un‘: and .nrm;-,nl exactly in the line of the zodiac, Notic ng this, and T . Y b —
knowing that there was no way in which such alterations could be attributed to q “ : e -
_Jn|||h't'\ motion l,ﬂ:m\ | _\'t'i Iu'u:].t certain that l|1r\r were kll]] I||r same stars | had -"1 . § ' '“ v ’
observed [before]—in fact, no other star was to be found along the line of the zo —.{ :‘ e o ,
diac for a long distance on either side of Jupiter—my perplexity was now turned prs 1 8 "
into amazement, Certain that the apparent changes belonged not to Jupiter but [7] R Rl
to the observed stars, 1 resolved to pursue this investigation with greater care , . v r

A -

I decided beyond all doubt that there existed in the heavens three stars wandering ¥ | Primes pott touen o
about Jupiter as do Venus and Mercury about the sun, and this became plainer than ‘ L L ) d

\I.|_\|I5{i:[ from observations on occasions that followed, Nor were there Just three

Jean Domenique Cassini, Ephemerides

such stars [as | was soon to learn]; four planets do complete their revolutions around Bononienses Mediceorum syderum ex rypoth
Jupiter, and 1 shall give a descr I‘\[ilrtl of their alterations as observed more precise I} esibus, et tabulis lo, (Bologne, 1668), p. 34.

—  JANUARY 1767,
East * O k¥ West C ] 44

Configurat of the Sarerrrree of JUPITER

at 11 o'th’ Clock In the Evenln

later on. Also I measured the distances between them by means of the telescope,

using the method explained earlier, Moreover, [ recorded times of observations,

especially when more than one was made on the same night; for the revolutions of
these planets are so swiftly completed that it is usually possible to note even their

hourly changes.?

Continued observation soon established that four satellites revolved

arouind 7|1|]\itri" I ONger time-series, IlltL'('I‘lll‘\Z with (Ils(ni)luiiiilit'\. Wwere

plotted by Galileo in 1613 and Cassini in 1668, Satellite motion could be

. 5 . Burcau des Longitudes, Connaissance des
forecast in:‘('hn'lj" l'“”UHIJ to serve as a worldwide \!gll.lhn‘u clock for Temps (Paris, 1766), p. §
determining longitude (since 24 hours corresponds to 360°), Data were
2 Translation of The Starry Messenger by
Stillman Drake, in his Telescopes, Tides, and
Tactics (Chicago, 1983), pp. 50-63

entabled—even gridlocked—in ephemerides such as this 1766 Connais-

sance des Temps issucd 1\_\‘ the Burcau des ].nngltildn in P;
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To animate flatland, Galileo and then others ('ll!]\lI'LI(‘lt‘:l_Il‘\']]‘lln"\‘ Antide Janvier, Des révolutions des corps

g i ) lestes p is 'S FON( Yaris
nomogram-like computation devices that recounted orbits of Jupiter’s clleste JI‘“ I ““'“-41“']“" des rowages (Paris,
b z - N |H|:J.|l,|u'\|.in- plate 1v
satellites (above), Mechanical models of the solar system in motion
showed the interplay of Sun, Earth, and Jupiter, as our shifting vantage

point and Jovian shadows masked Galilean satellites from Earth view.




100 ENVISIONING INFORMATION

Now, in modern portrayals of Jupiter's satellites, all the individual Redrawn from: Sky & Telescope, 76 (1988);
. : Satellites Galildens de viter, Bures
observations are connected in the corkscrew diagram, with continuous tellites Galiléens de Jupiter, Bureau ds
- Longitudes (Paris, 1087); and Configurations

spirals traced out by lo, Europa, Ganymede, and Callisto, These microf des Huit Premiers Satellites de Satume pour

macro diagrams work on a grid of one spatial dimension stretched by 1987, 1988, Burcau des Longitudes (Paris,
1987, 1988)

time, just like graphical timetables. In our redrawings, the flickering
prison bars of the horizontal slices are muted, thus avoiding the clutter
of 1 + 1 = j effects. It was not until the 20th-century, joo years after
Galileo's discovery, that the dots were linked into continuous curves
an advance in design that came slowly despite the intellectual skills

of the astronomers involved, The smooth I1'.l_1‘¢'t'lu| ies of the modern
diagram report every position of the moons—fitting data for even a few
hours of viewing, because of the rapid journeys of the inner satellites.

At right is a similar chart for Saturn, including an orbital planview.,

o ()

| Caisto (IV) \
sl ( ) )

Ganymede (1)

y Europa (1)

180




NARRATIVES OF SPACE AND TIMI 101

Our story concludes with a new perspective, a very close look at the

Galilean satellites, The remarkable 1979 flights near Jupiter by Voyager
spacecraft revealed not the luminous pinpoints of reflected sunlight
tracing out swift cyc les of an r|t')_§-|t|! and reliable geometry—as had
been seen through telescopes for centuries—but, instead, satellites that

appeared, frankly, a bit on the lumpy side.?

Narrative Itineraries: Timetables and Route Maps

Schedules are among the most widely used information displays, with a
sheer volume of printed images comparable to road maps, daily weather
t‘ll.ll'l\‘ l'.Il‘IIU.ﬂ\, and ||'|L'|||||u|(' books. Ih‘\]gll efforts for 150 years the
world over have yielded some imaginative display strategies. The issues
of timetable design are at the heart of envisioning data—large arrays of
fussily annotated numbers, thick information densitics, type and image
together, and multivariate techniques for narrating what is a four or five
variable story,* And the audience for schedules is diverse, ranging from
experts at timetables such as travel agents to those who are not travel

agents, an audience of uncertain skills, eyepower, patience.

' At left, two inner Galilean satellites—lo

(in front of Jupiter) with an active volcano,
and, right, the ice-covered Europa, Both

are about the size of Earth's Moon; the Red
Spot on Jupiter is larger than Earth, At right,
a closer view of lo and Jupiter

* Among the scant literature is Christian
Barman, “Timetable Typography,” Typog
raphy, s (Spring 1938), 9-17; Ruari McLean,
Typography (London, 1980).













The University of Michigan Galileo Manuscript at 400 Years
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