The Gregorian Calendar

Pope Gregory XIII began the modern calendar 400

years ago in order to correct the accumulating drift

in the Julian calendar and keep Easter in the spring

duced the calendar named in his

honor; it is the system of reckoning
days currently in civil use throughout
the world. Before the inception of the
Gregorian calendar Western civilization
depended on a system instituted by Jul-
ius Caesar, called the Julian calendar.
For more than 16 centuries this system
remained in service in spite of an accu-
mulating discrepancy between the mean
length of its year, 365.25 days, and the
tropical year, the average interval be-
tween successive transits of the appar-
ent sun through the vernal equinox. By
1582 the error in the Julian system had
grown to approximately 11 days. This
defect was of principal concern to the
pope; if the Julian calendar had contin-
ued in service, Easter would eventually
have been celebrated in the summer.

Pope Gregory assembled an eminent
body of astronomers, mathematicians
and clergymen for the reform of the Jul-
ian calendar. The commission faced a
fundamental problem inherent in all
civil calendars: for obvious reasons a
calendar designed for ordinary service
must have a whole number of days; it
cannot simply leave a fraction of a day
dangling at the end of the year. One of
the leading members of the commission,
the Jesuit astronomer Christoph Clavi-
us, put it succinctly: “Annum civilem
necessario constare ex diebus integris”
(“Civil years necessarily consist of inte-
gral days”). This basic requirement is
the root of all the difficulties in the con-
struction of an accurate calendar. It is
also primarily why the creation of a per-
fect calendar, one that would never err
by even a single day, is impossible.

In principle the Gregorian calendar is
merely a slightly altered version of the
Julian calendar. The commission de-
creed that 10 days would be eliminated
from the year 1582 in order to restore
the date of the vernal equinox to March
21; over the many centuries the date
had regressed to March 11. To curb the
drift of the equinoctial date a plan was
adopted whereby in three out of every

In 1582 Pope Gregory XIII intro-
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four centurial years—for example 1700,
1800and 1900—the leap day that would
have been added in the Julian system
would henceforth be omitted. These re-
visions, promulgated in the papal bull of
February 24, 1582, set off a wide bar-
rage of polemics, incited furious debate
among scholars and prompted the man
in the street to question whether birds
would now know when to fly south
for the winter. One merely has to leaf
through the great Bibliographie Géné-
rale de |'Astronomie published in 1887
by Jean-Charles Houzeau and Albert-
Benoit Lancaster to gain an idea of the
enormous number of treatises that were
written for and against the reform.

he controversy was as much reli-

gious as it was academic. This was
the age of the Reformation; Protestant
countries rejected the new calendar, de-
nouncing it as a papal scheme to bring
their rebellious fold back under the ju-
risdiction of Rome. The accusation was
not entirely unfounded. Gregory XIII
was a vigorous—in fact, a ruthless—pro-
moter of the Counter Reformation. He
assisted Philip II of Spain in his scourg-
ing of the Protestant Dutch and glee-
fully accepted the head of the leader of
the French Huguenots after the infa-
mous St. Bartholomew’s Day Massacre,
a blood bath that the pope celebrated
as a Catholic victory, ordering a medal
struck in its commemoration. Gregory
probably saw it as an opportune time to
impose a calendar reform on the Chris-
tian world, which he did by threatening
to excommunicate anyone who refused
to accept it.

Opposition to the calendar was not
entirely a consequence of the religious
strife of the day. Many learned men ac-
knowledged the need for calendar re-
form (the accumulating error of the Jul-
ian calendar had been observed for cen-
turies), but they were not persuaded that
the Gregorian system was a significant
advance over the “Old Style.” Indeed,
the preeminent mathematician Francois
Viéte, often called the father of modern
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algebra, condemned the reform as a cor-
ruption of the Julian calendar.

Leading scientists of the 16th century,
Viete among them, argued that the Gre-
gorian calendar was astronomically un-
sound. This opinion was shared by two
of the bitterest critics of the reform, Mi-
chael Maestlin and Joseph Justus Scali-
ger. Maestlin, an astronomer, was one
of the first to openly espouse the Coper-
nican theory and is famous for having
been Johannes Kepler’s professor at Ti-
bingen. Scaliger, also a renowned aca-
demic, was an extraordinary scholar;
fluent in a dozen languages, he was
a classicist, historian, philologist and
chronologer. Colleagues called him a
“sea of sciences,” a “bottomless pit of
erudition.” He became an archenemy
of Clavius, the principal defender of the
Gregorian reform.

In 1595 Scaliger published a commen-
tary on the Canon Paschalis of Hippoly-
tus, a fourth-century work on the reck-
oning of the date of Easter. To it he
appended a pungent criticism of the
Gregorian calendar that is more than
twice the length of the main work. Scali-
ger argued for his own plan of reform,
which in fact would have produced a
slightly more accurate calendar but a
somewhat more complex one.

Clavius was quick to respond to Scali-
ger’s pronouncements. In the same year
he published a stinging rebuttal, losephi
Scaligeri elenchus, et castigatio calendarii
Gregoriani. Scaliger’s criticisms from his
work on the Canon Paschalis and Clavi-
us’ responses are presented in alternat-
ing paragraphs. Clavius’ remarks are
frequently amusing in their vehemence,
but they are seldom more outrageous
than Scaliger’s invectives. He lashed out
at the Bavarian Clavius, calling him a
“German fat-belly” and a “beast.”

Scaliger raised objections to both the
civil and the ecclesiastical parts of the
calendar. He maintained that the tables
utilized in computing the date of Easter,
called epact tables, were erroneous, and
he protested that the reformed rules for
observing leap years were not sufficient



DETAIL OF A PAINTING emphasizes the reason for the reform
of the Julian calendar. A member of the commission appointed by
Pope Gregory XIII in 1576 to study the need for reform is shown
pointing to a chart indicating the 10-day error astronomers deter-
mined had accumulated in the Julian calendar since the time of the
First Christian Council of Nicaea in A.p. 325. The upper arc in the
diagram represents a segment of the calendar year divided into days,
the lower arc a corresponding section of the tropical year (the year

measured by successive passages of the sun through the vernal equi-
nox). The zodiacal signs of Libra and Scorpio indicate the month of
October, from which the 10 days in excess of the mean sun were to be
removed. In the full painting the pope is shown sitting on a throne
to the left. The painting is by an unknown artist whose work was
commissioned in 1582, the year of the reform, by Scipio Turamini, a
member of the municipal council of Siena. The photograph was made
in the Archives of the City of Siena, which still has the full painting.
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POPE GREGORY XIII is conmemorated by a statue atop the entrance to the Palazzo Pab-
blico in Bologna. The portal was designed by the 16th-century architect Galeazzo Alessi to
commemorate the pope’s election because Gregory was born in Bologna. He became pope on
May 13, 1572, and 10 years later instituted the reform of the 1,600-year-old Julian calendar.

PAPAL BULL of February 24, 1582, ordered Christians throughout Europe to adopt the Gre-
gorian calendar on October 15, 1582 (or in 1583). The bull was reprinted in Tome V of the
Opera mathematica of Christoph Clavius, a Jesuit astronomer who was a leading member of
the papal commission studying the calendar reform and later the principal defender of the re-
form. This photograph shows the first page of the bull as it appears in the Clavius volume.
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to keep the date of the vernal equinox
consistently on March 21. Indeed, the
calendar does embody a small fluctua-
tion in the equinoctial date, amounting
to a few days. Even so, the calendar suc-
ceeds in keeping the date on or near
March 21 every year and will continue
to do so for many centuries.

aestlin, like Scaliger, did not ap-
prove of the Gregorian system for
determining Easter. The Council of Ni-
caea in A.D. 325 had decreed that Easter
should be celebrated on the same date
by all Christians. It was decided by the

-church that the date should be the first

Sunday after the 14th day of the moon
(approximately the full moon) that falls
on or next after the date of the vernal
equinox, which at the time of the council
was assumed to be fixed at March 21.
The cumbersome rule is still applied
today in establishing the date of Eas-
ter and subsequently all other movable
feasts. Computing the Easter date is un-
questionably the most intricate opera-
tion in the calendar. Even Carl Friedrich
Gauss, who as a young man worked on
the problem, did not succeed in devel-
oping a complete algorithm for deriv-
ing the date.

Easter can fall on any Sunday from
March 22 to April 25 in any year. In-
credibly, it takes 5,750,000 years for all
the dates of Easter to repeat in the same
order. The table of epacts is employed
to determine the age of the moon on
January 1 for every year in a cycle of
7,000 years. Since the average interval
between one new moon and the next,
called a lunation, is a little more than
29.53 days, the maximum number of
epacts is 30 (29.53 rounded to the near-
est whole number).

Knowing the moon’s age on January
1, it is a simple matter to ascertain the
dates of all the new and full moons
throughout the year. It is then quite easy
to find the 14th day of the moon occur-
ring on or after March 21. The Sunday
after the 14th day is Easter. The cycle of
epacts, however, is only an approxima-
tion to the true or astronomical moons;
an epact can differ by as many as three
days from the actual lunar phase, al-
though its usual deviation is only a day
or two. The prime advantage of an ar-
tificial lunar cycle is its simplicity. The
true motion of the moon is much too
complex to reduce to a simple and
convenient table, one that could be
readily understood by clerics trained in
the computus, the science of reckoning
Easter practiced throughout the Middle
Ages and the Renaissance.

Clavius was quite satisfied with close
approximations. He repeatedly urged
the need for simplicity in the calendar,
noting that it was absurd to think every-
one could be trained in astronomy. Nev-
ertheless, Maestlin advocated the use of



CHRISTOPH CLAVIUS was portrayed in 1606, when he was 69,
in an engraving (left) by Franciscus Villamoena. Clavius was a dis-
tinguished mathematician who staunchly defended the Gregorian

exact astronomical calculations in de-
riving the date of the paschal (Easter)
full moon. Kepler, unlike his former
professor, supported Clavius’ reason-
ably accurate method of following the
moon, declaring that “Easter is a feast,
not a planet.”

Ergely through his tireless defense of
the calendar Clavius earned for
himself an honored place in the history
of science, so much so that the largest
crater on the moon is named for him. In
all he wrote five defenses of the calen-
dar. The first, published in 1588, was
an answer to criticisms made by Maest-
lin. Clavius’ definitive calendrical work,
however, is an 800-page tome, Romani
calendarii a Gregorio XIII P. M. resti-
tuti explicatio, first published in 1603.
Much of his defense against Maestlin is
repeated, often verbatim, in this later
treatise.

Clement VIII, who became pope in
1592, had enjoined Clavius to explain
and justify the new calendar to the
Christian world. The Explicatio is the co-
pious result. It is an imposing technical
work. The Edinburgh scholar Alexan-

der Philip, the author of one of the few
substantial texts on the calendar in En-
glish, wrote that Clavius, “like a cut-
tle-fish,” actually clouded his subject in
“the ocean of ink with which he sur-
rounded it.” There is some merit to the
criticism; Clavius is at times long-wind-
ed and repetitious, but he is seldom in-
accessible, and other scholars have re-
marked on his readability. He was, in
fact, one of the best-selling scientific au-
thors of the late Renaissance.

All Clavius’ treatises on the calendar
were reprinted and collected in Tome V
of his Opera mathematica, which was
published in 1612, the year he died.
Tome V also includes a reprint of the
Kalendarium Gregorianum perpetuum,
the official publication on the reform is-
sued by the church in 1582 and written
by the calendar commission under Pope
Gregory. Also reprinted is the papal
bull,*Inter gravissimas . ..” (“In the grav-
est concern...”) of February 24, 1582,
announcing to all the Christian princes
that the new system would officially be-
gin on October 15 of that year. It pre-
scribed the removal of 10 days from the
calendar: “In order therefore to restore
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reform. The title page of Clavius’ definitive work on the calendar is
shown at the right. The work was commissioned by Clement VIII,
who became pope in 1592; he was the fifth pontiff following Gregory.

the vernal equinox to its former place,
which the Fathers of the Nicene Council
put at XII Kalend. Aprilis [March 21],
we prescribe and command as concern-
ing the month of October in the year
1582 that 10 days inclusive from the 3rd
Nones [October 5] to the day before the
Ides [October 14] be taken away.” Clavi-
us and the other members of the com-
mission avoided a disruption of the days
of the week in this expulsion of days;
Thursday, October 4, 1582, the last date
in the Julian calendar, was immediate-
ly followed by Friday, October 15.

In his defense against Maestlin, Cla-
vius explained that there was nothing
mysterious about the choice of month;
October simply included the fewest reli-
gious feasts and therefore an omission in
that month was the least disruptive for
the church. He also described it as the
month that presented the fewest prob-
lems for business.

he elimination of 10 days was not an
astronomical necessity. The date of
the vernal equinox could just as well
have remained at March 11. The real
problem was in preventing whatever
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date was chosen from continuing to
drift. How, then, did the plan enacted by
Pope Gregory succeed in keeping the
date on or about March 21? That is the
central technical question to be asked
in regard to the reform. Although the
major concern of Gregory’s commis-
sion had been the restitution of the date
of Easter, that objective could not be
achieved until the date of the equinox
had been stabilized.

It is conceivable that no reform would
have taken place in 1582 if the paschal
celebration had not been at issue. The
error of approximately 11 days that had
built up in the Julian calendar between
the time of the Council of Nicaea and
1582 was still a minor discrepancy that
had not yet revealed itself as an appre-
ciable difference between the days of the
calendar and the seasons. In fact, if the
Julian calendar had continued in use
to the present, its error would be only
about two weeks, still not large enough
to be perceived in the Northern Hemi-
sphere as a shift in the calendar dates
of spring toward summer. Yet the er-
ror was significant in regard to Easter,
since its observance depends on a fixed
date of the vernal equinox.

The steady regression of the equinoc-
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0R¥(Z}INATOR of the Gregorian calendar was Aloisius Lilius (the
Latlmz.ed name of Luigi Giglio), who is portrayed at the left. On his
death in 1576 his plan for the reform of the calendar was rescued
and pr

from oblivion by his brother Ant

tial date was almost entirely a conse-
quence of the initial discrepancy be-
tween the length of the Julian year and
the length of the tropical year. On the
advice of the Greco-Egyptian scholar
Sosigenes, Julius Caesar in instituting
the Julian calendar in 45 B.c. estab-
lished a plan whereby every common
year consisted of 365 days and every
year perfectly divisible by four consisted
of 366. The extra day was originally
added just before February 25, which
was known as ante diem sexto Kalendas
Martius, the sixth day before the cal-
ends of March. The extra day was there-
fore called bissexto [second six] Kalen-
das Martius, from which the term bis-
sextile derives, a word still used to refer
to the leap year and the leap day. In
the Gregorian reform the leap day was
shifted to the last day of February.

At the time of the inception of the
Julian calendar the length of the tropical
year was not a well-established quantity,
at least not among Western astrono-
mers. Sosigenes’ plan for introducing an
extra day every four years provided a
mean calendar year of 36525 days. In
45 B.C., however, the length of the tropi-
cal year was approximately 365.24232
days, or nearly 11 minutes four seconds

"; et J

ory XIII for 'review. The plan was adopted by the pope and his ad-
visory commission with only a slight modification by Christoph Cla-
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shorter than the Julian year. This initial-
ly small discrepancy accumulated until
the difference was no longer a matter of
minutes but of days. It was then that the
error began to reveal itself as a gradual
regression of the dates of the equinoxes
and solstices.

The accumulation of error on the Jul-
ian calendar was accelerated by the
gradual decrease in the length of the
tropical year, a phenomenon consistent-
ly ignored by scholars—even astrono-
mers—treating the technical aspects of
the calendar. The decrease follows a
geometric progression that must be tak-
en into account in computing the ac-
curacy of a solar calendar. If the initial
deviation between the Julian calendar
and the mean sun had remained at 11
minutes four seconds (if the calendar
had invariably gained that amount of
time on the sun every year), the error
would have amounted to one mean solar
day in a little more than 130 years. The
drift would have shown up as a shift of
the equinoctial date back one calendar
day from its position 130 years earlier.
Actually, however, the regression of the
dates of the equinoxes and solstices had
been faster. By the time of the Gregori-
an correction the calendar was erring
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vius. At the right is the first page of Lilius’ compendium setting forth
his plan for the calendar. The work was found by the author in the
National Central Library in Florence, catalogued as being by an an-
onymous author, although the page reads, “This book written by Aloi-
sio Lilio.” The illuminated C depicts the pope presiding at a meet-
ing of some of the members of his calendar-reform commission.
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of the tropical year is diminishing gradually. The mean year of the calendar is 365.2425 days.
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with respect to the mean sun at a rate of
about one day every 128.5 years.

The decrease in the length of the trop-
ical year becomes progressively more
significant as a function of time. It is
one of the circumstances precluding the
construction of a perfect calendar. The
main reason, though, as Clavius pointed
out, is that a calendar designed for ordi-
nary use must provide an integral num-
ber of days, whereas the tropical year
has a complex fractional component.
The matter boils down to trivial arith-
metic: a fractional value can never be
expressed as aninteger. A solar calendar
can only approximate the length of the
tropical year; the fractional part is ac-
counted for by intercalation, that is, the
periodic insertion of intercalary, or leap,
days in the calendar. The closer an in-
tercalation approximates the fractional
part of the tropical year, the more suc-
cessful the calendar will be at retaining
the vernal equinox at the same date over
an extended period.

he plan of reform adopted by Pope

Gregory meshes quite neatly with
the Julian system and curbs the drift of
the date of the equinox so effectively
that the calendar will not lose a single
day on the sun in well over 2,000 years.
The plan that forms the basis of the
Gregorian civil calendar was devised
not by Clavius or any other member of
the commission but by a lecturer in
medical science at the University of
Perugia, who unfortunately never lived
to see his plan become law. His name
was Luigi Lilio (often written Giglio),
Latinized as Aloisius Lilius. Clavius
called him the primus auctor of the
new calendar. Before the calendar came
to be generally known as the Gregorian
it was often referred to as the Lilian cal-
endar. Lilius not only developed the
new intercalation for the commission
but also constructed the table of epacts,
which Clavius later modified to better
conform to the new leap-year rules.

It was Lilius who recommended the
removal of 10 days from the calendar,
either all at once or over a period of 40
years beginning in 1584, by dispensing
with the leap days that would normally
be added every fourth year in that inter-
val. Lilius left it to the commission to
choose between these alternatives. Ap-
parently it was Clavius who decided
that the days should be extracted all at
once from October.

Lilius labored on the details of his re-
form for some 10 years. The develop-
ment of a convenient and fairly accurate
method of reckoning Easter consumed
most of his efforts. Far less of a problem
was the construction of a system of in-
tercalation that would better approxi-
mate the length of the tropical year. On
his death in 1576 his Compendium novae
rationis restituendi kalendarium (Com-
pendium of the New Plan for the Restitu-
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REGRESSION of the date of the vernal equinox results when the
mean length of the calendar year is longer than the tropical year. Sev-
eral vernal equinoxes are depicted. The first one falls on March 21,

tion of the Calendar), historically the
most important document on the sub-
ject of the calendar, was presented in
manuscript by his brother Antonio Lilio
to Pope Gregory. It was then circulat-
ed for review among an international
group of distinguished clerics and schol-
ars. Lilius’ work was praised for its ac-
curacy and simplicity, and among the
scores of proposals that had been of-
fered it was clearly the one most favored
for adoption.

(In a note published in 1974 in Journal
for the History of Astronomy Noel M.
Swerdlow of the University of Chica-
go said it appeared that Lilius’ treatise
was lost. He added, “It is, however, not
impossible that the Compendium sur-
vives still undiscovered in manuscript.”
Swerdlow recently wrote to me to say
that Thomas Settle of the Polytechnic
Institute of New York had learned that a
printed version might be in the archives
of the National Central Library in Flor-
ence. Indeed, a copy does survive in that
library, where it is catalogued as being
by an anonymous author. Yet on the
first page of that slender volume Lilius
explicitly states he is the author. Having

confirmed the existence of the Compen-
dium in Florence, I searched for it in a
number of other Italian cities. The rare
treatise, whose whereabouts is curiously
never cited by scholars, is also in the
archives of the Biblioteca Comunale
degli Intronati in Siena and in the Vati-
can Library. Each library’s copy is
bound in a varying collection of sepa-
rately published calendrical works by
contemporaries of Lilius, the most nota-
ble among them being Alessandro Pic-
colomini.)

The intercalation Lilius proposed in
the Compendium was simple: the sup-
pression of three leap days in centurial
years not perfectly divisible by 400. The
Gregorian intercalation therefore fol-
lows the Julian system with the single
exception that centurial years such as
1700, 1800 and 1900, which would have
been leap years in the Julian calendar,
became common years (with the leap
day dropped). The Gregorian calendar
reduces the number of intercalary days
to 97 in 400 years, as opposed to 100
intercalary days in 400 Julian years.

The change is small but profound. It
brings the mean length of the calendar

DATE OF VERNAL EQUINOX
~

21

22

but over a period of time the discrepancy between the calendar year
and the tropical year results in the regression shown by the brackets.
For simplicity the gradual shortening of the tropical year is ignored.

year into much closer agreement with
the tropical year, providing a mean cal-
endar year of 365.2425 days. In 1582 the
length of the tropical year was nearly
365.24222 days, which differed from the
Gregorian year by only a little more
than 24 seconds. If the length of the year
itself were not gradually diminishing,
the calendar under the plan devised by
Lilius would retain the date of the ver-
nal equinox at or about March 21 for
more than 3,550 years.

Clavius himself estimated that the
calendar would deviate by one day in
the year 5084. Considering the decline
in the length of the year, which was quite
unknown to 16th-century astronomers,
the calendar will remain accurate to
within one mean solar day for a much
shorter time, some 2,417 years, or until
about the year 4317. (Extrapolations are
based on the determination of the tropi-
cal year at epoch 1900 by the American
astronomer Simon Newcomb; his figure
was 365.24219879 mean solar days.)

How Lilius arrived at a value of
365.2425 days remains a mystery. Dis-
couragingly the Compendium sheds no
new light on the question. The most reli-
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JULIAN AND GREGORIAN CALENDARS are compared with
respect to the drift of the date of the vernal equinox. In the Julian
calendar the drift (color) was quite rapid. In the Gregorian calendar
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it is slower (black) because the calendar more closely approximates
the tropical year. The tropical year equaled the Gregorian year of
365.2425 days in about 3000 B.C. Since then the drift has accelerated.
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your vehicle from nature's single most damaging
element the SUN. Direct exposure will oxidize
your paint, bake dirt and grime into the finish
and fade the color. Plus, ultraviolet rays magni-
tied by the windshield glass will cause your car’s
dashboard and other interior upholstery to crack,
split, and fade as well. A Starshine Auto Shelter™
will prevent all of these value-robbing losses
from occurring. If used regularly, your Auto Shel-
ter™ will keep your car looking new, inside and
out, for years to come, plus keep it cleaner, even
when parked in your garage.

Starshine Auto Shelter*...a revolutionary break-
through in protective car cover fabrics. It is a
remarkably improved blend of space-age textiles
and natural fibers custom designed and manufac-
tured to fitand thoroughly shield every automobile,
truck, van or cycle — foreign or domestic. Each
cover is individually tailored to fit your make of
car as opposed to lesser quality, bulky "universal”

ONLY $59.95 FOR THESE CARS:

Alfa Spyder Honda 600 MG Midget. MGA
Austin Healy Sprite Lotus Elan Elite MGB. MGB-GT MGC
Datsun Convertible to 1971 Morgan 2 Seater
Fiat Convertible Triumph Spitfire

TR2 TR-3 TR-3A GT-6

ONLY $79.95 FOR THESE CARS:

Alfa Romeo Coupe Datsun 2402 Pinto
Artow 260Z. 280Z. 2802X Porsche
Astre Datsun 1200 Rabbit
Aud: Fox B-210. F10 Renault
Austin KW Scirocco
Austin Healy English Ford Simca

excl. Sprite Fiat excl Skyhawk
Beetle Convertibles Starfire
BMW 2002. 3201 Gremiin Subaru
Bobcat Hiliman Minx Sunbeam
Capri through Honda Accord Suntird

1977 Prelude Civic Tiger
Chevette Horizon Toyota Corolla
Cobra Isuzu Starlet. Tercel
Colt Isetta Triumph excl
Corolla Jensen Spitire, TR-2 TR-3
Cortina Karman Ghia TR-3A GT-6
Cricket Mazda GLC Vauxhall
Crosley Mornis Minor Vega
Darmler Omni Volkswagon

Opel Zephy!
Pacer
ONLY $89.95 FOR THESE CARS:

Alf neo Sedan Datsun 810 Maverick
American Motors 200 SX. Stanza Meicedes Benz
excl Gremlin Pacer De Soto Mercury
Apollo Dodge Model A Ford
Aspen Duesenberg Model T Ford
Aston Martin El Camino Monarch
Auburn Essex Monte Catlo
Audr excl Fox Excalibur Nash
Avant: Fairlane Oldsmobile
Bentley Fairmont Omega
BMW excl 2002 3201 Faicon Packard
Brickhin Feriari Pantera
Buick Firebird Peugeot
Cadillac Ford Pierce Arrow
Camaro Frazier Rambler
Capri 1979 Granada Ranchero
_and Forward Heniy J Rolls Royce
¢ Hudson Rover
Hupmobile Saab
Jaguar Seville
Jensen Intercepto Skylark
Jeep Studebaker
Kaiser Thing
Lamborghini Thunderbind
Lancia Torino
Landcruiser Toronado
La Salle
Le Baron

Dashe
Datsun al

22

Lincoln
Z Cars Mangusta
Maseratti

Versailles
Volare
Volvo

$89.95 for any other American or Imported car
$99.95 for any pickup or van (1 ton or less)
$69.95 for any size motorcycle. (specify if windshield)

Because each coveris CUSTOM-CUT to order, delivery
will be in 4-6 weeks. Copyright Starshine Inc., 1982
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type cover-alls. Auto Shelter's* tight fit insures
complete protectionagainsthigh winds, and snow
or rain will not get trapped underneath.

Water-resistant — not waterproof. Here's why: A
“waterproof” cover traps moisture under the cover.
This vaporized water can cause clouding of paint
when the temperature is raised (from hot sunlight)
and air circulation is eliminated by the cover. A
beautiful finish can be ruined in a matter of hours.
Taking thisimportantfactorintoaccount, Starshine
Auto Shelters* are purposely made to be effectively
water and mildew resistant — a smart balance
between potentially damaging “waterproof” covers
and flimsy 100% cotton covers that quickly absorb
most liquids, offering minimal protection. Star-
shine Auto Shelters* are also fully washable and
wrinkle resistant.

In addition to eliminating unattractive oxidation
and fading, your Auto Shelter* will protect your
vehicle from the harmful effects of smog, ind ustrial
pollutants, sea and road salt, dust, sand, rain,
snow, ice, sleet, tree sap, bird droppings, tar, etc.
With the higher cost of new autos today it makes
sense to protect your investment from these
harmful elements.

B No snow or ice-scraping this winter B Clean
windows stay that way B Reduced chances of
engine freeze-ups and dead batteries B Reduced
maintenance, washing, painting, etc. @ Minimized
threat of vandalism and thett B Protection for
your exterior shine, your interior upholstery, and
your financial investment. B Free storage bag
included B Special 2 Year Limited Warranty
against tearing, fraying or losing its shape or
water repellency! *Trademark

Try a Starshine Auto Shelter* on your vehicle —
atno obligation... Returnit for a full refund within
two weeks if not satisfied!

To Order Call Toll Free for Instant Processing: 1-
800-235-6945, or if busy 1-800-235-6951. Calif
Res. please call: 805-966-7187. Or send coupon:
c . r ° 1 ¥’ I ¥ 1 T ¥ J ]}
Please send the following Starshine Auto Shelters® as
priced below: (Please include $5.95 shipping and handling
per cover.) If 2 or more are ordered. pl take our special
5% quantity discount.
If not 100% satisfied I can return the Auto Shelter™ (un-
damaged) within 2 weeks for a quick refund of purchase
price (less shipping cost).
O OPTIONAL LOCK FEATURE. Please also send Pre-
Installed Optional Lock and Cable System at $11.95.
Quantity | Make | Year | Model | Body Style | Price
O Please indicate length for vans & pickups .
0 Check or Money Order enclosed (CA res. add 6% sales
tax).
O Charge my credit card number below.
O Diners Club 0O B.A./Visa O Master Card
O American Express [ Carte Blanche

Credit Card No. R -

Expiration Date - S
Name

Address
City/State/Zip

STARSHINEROLP

PRODUCTS THAT MAKE THINGS LAST LONGER®
816B State St., Dept. AS677 Santa Barbara, CA 93101

© 1982 SCIENTIFIC AMERICAN, INC

able values of the tropical year known to
Lilius were given in the Alphonsine Ta-
bles of 1252, Copernicus’ De revolutioni-
bus orbium coelestium of 1543 and the
Prutenic Tables of 1551. Each source
gives a value of about 365 days five
hours 49 minutes 16 seconds; they differ
from one another by less than a second,
and yet all are approximately four sec-
onds longer than the Gregorian year.
None will produce an intercalation of
97 days in 400 years. Swerdlow recog-
nized, however, that all three quantities
expressed as sexagesimal fractions—the
form in which they would be taken
from a table of the mean motion of the
sun—are identical with the second frac-
tional place. The form of expressing
the sexagesimal fraction is 365; 14, 33
(the second fractional place being 33).
Converting the sexagesimal fraction
into a common one gives 365°7/,40, OF
365.2425 days. It is as good a theory as
any for the origin of the length of the
Gregorian year.

Lilius was not the first to propose
an intercalation of 97 days in 400 years.
The same plan was put forward in 1560
by Petrus Pitatus, an astronomer of Ve-
rona. It is not known whether Lilius
borrowed from Pitatus, but the inter-
calation is simple enough to have been
derived independently.

Lilius’ system confines the date of
the vernal equinox within rather nar-
row limits. The date can be March 21,
March 20 and even March 19, although
it has not fallen on March 19 since about
the turn of the century. Notwithstanding
what is said in many textbooks on as-
tronomy, the vernal equinox as a result
of the Gregorian rules for leap year falls
more often on March 20 than it does on
March 21.

A consequence of the Gregorian in-
tercalation is that all the dates in the
calendar repeat in a cycle of precisely
146,097 days, which equals 400 Grego-
rian years. In other words, every date in
1583 will be repeated in 1983; the same
is true for 1584 and 1984 and so on in
multiples of 400 years. The calendar
completes its first grand cycle on Octo-
ber 15 of this year.

Lilius and Clavius succeeded where
others had failed. The Gregorian calen-
dar affords a highly satisfactory com-
promise between essential accuracy and
much-desired simplicity. For more than
800 years attempts to improve the Jul-
ian calendar were made by such able
men as Roger Bacon, Nicolas of Cusa,
Regiomontanus, Johannes Schéner and
Paul of Middelburg. Each scholar had
recorded the growing disparity between
the calendar and the sun, but for one
reason or another—including political
strife, governmental indifference, un-
timely death—nothing was done about
it until in 1572 a former professor of law
from Bologna named Ugo Buoncom-
pagni became Pope Gregory XIIL





