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As we trace the devel opment of man over the ages, it seemns
in many respects a tale of glory and victory; of the devel op-
ment of the brain; of the discovery of fire; of the building
of cities and of civilizations; of the triunmph of reason; of
the finmmg of the Earth and of the reaching out to sea and

space.
But increasing know edge | eads not to conquest only, but
to utter defeat as well, for one | earns not only of new po-

tentialities, but also of newlimtations. An explorer may
di scover a new continent, but he may al so stunble over
the world' s end.

And it is so with mankind. W are distinguished from
all other living species by our power over the inanimte
uni verse; and we are distinguished fromthem al so by our
abj ect defeat by the inanimate universe, for we al one have
| ear ned of defeat.

Consi der that no other species (as far as we know) can
possess our concept of time. An animal may renenber,
but surely it can have no notion of "past" and certainly not
of "future."

No non-human creature lives in anything but the present
noment. No non-human creature can foresee the inevita-
bility of its own death. Only man is nortal, in the sense
that only man is aware that he is nortal

Robert Bums said it better in his poem To a Muve.

He addresses the nouse, after turning up its nest with his

pl ough, apologizing to it for the disaster he has brought
upon it, and reminding it fatalistically that "The- best-laid
schenes o' mice and nen / Gang aft a-gley.”

But then, in a final soul-chilling stanza (too often | ost
in the glare of the nmuch nore fanobus penultimte stanza

about mce and nen), he gets to the real nub of the poem
and says:

"Still thou art blest compar'd wi' ne!
"The present only toucheth thee:
"But oh, | backward cast ny e'e
"On prospects drear!
"An'" forward tho' | canna see,
"l guess an' fear!"

Sonewhere, then, in the progress of evolution from
nmouse to man, a prinmtive homnid first caught and grasped
at the notion that soneday he would die. Every living crea-
ture died at last, our proto-philosopher could not help but
notice, and the great realization somehow dawned upon
hi mthat he hinmself would do so, too. |If death nust cone
toall life, it nmust cone to hinself as well, and ahead of
hi m he saw worl d' s end.

We tal k often about the discovery of fire, which narked
man off fromall the rest of creation. Yet the discovery of



death', is surely just as unique and nay have been just as
driving a force in man's upward cli nb.
The details of both discoveries are lost forever in the
shrouded and i npenetrable fog of pre-history, but they
appear in nyths. The discovery of fire is cel ebrated nost
famously in the Greek nyth of Pronetheus, who stole fire
fromthe Sun for the poor, shivering race of man.
And the discovery of death is cel ebrated nost fanmously
in the Hebrew myth of the Garden of Eden, where nan
first dwelt in the immortality that cane of the ignorance
of time. But man gai ned know edge, or, if you prefer, he
ate of the fruit of the tree of know edge of good and evil.
And with know edge, death entered the world, in the
sense that man knew he nust die. |In biblical ternms, this
awar eness of death is described as resulting fromdivine
revelation. In the 'solem speech in which He apprises
Adam of the puni shment for disobedience, God tells him
(CGen. 3:19): for dust thou art, and unto dust shalt
thou return.”
But man struggl es onward under the terrible weight of
Adam s curse, and | cannot hel p but wonder how nuch
of man's acconplishment traces directly back to his en-
deavor to neutralize the horrifying awareness of inevitable
death. He may transfer the consci ousness of existence from
hinself to his famly and find immortali ,ty after all in the
fact that though his own spark of life snuffs out, an allied
spark continues in the children that issued out of his body.
How rmuch of tribal society is based on this?

O he may decide that the true life is not of the body
which is, indeed, nortal and nust suffer death; but of the
spirit which lives forever. And how much of phil osophy
and religion and the highest aspirations of man's faculties
arises fromthis striving to deny Adaml s curse?

Yet what of a society in which the notion of famly and
of spirit weakens; a society in which the material world of
the senses gradually fills the consci ousness from horizon to
hori zon? The nearest approach-to such a society in man's
history is probably our owm. How, then, has the nodern
West, which has deprived itself of the classical escapes, re-
acted to the inevitability of death?

Is it entirely a coincidence that of all cultures, that of
the present-day West is the npbst tine-conscious? That it
has spent nore of its energies in studying tinme, neasuring
time, cutting tine up into ever-tinier segments with ever-
greater accuracy?

Is it entirely a coincidence that the nost materialistic
subdi vi sion of our nost materialistic culture, the twentieth-
century American, is never seen anywhere w thout, his
wistwatch? At no time, apparently, dare he be unaware of
the sweep of the second hand and of the ticks that mark
of f the inexorable running out of the sands of his life.

So it is that the opening essays in this collection dea
directly with man's attenpt to neasure time. The notion
of time creeps into a nunber of the other essays as well;
in a discussion of units which turn out always to include
the "second"; in a discussion of catalysts which squeeze
nore action into less tine. For really, tine is a subject that
cannot be entirely excluded from any; corner of science.

When man faces death directly, then, he studies time, for
it is by accurately handling tinme that he can neasure other



phenonena and find a route through science. And through
sci ence, perhaps, may conme a truly materialistic defeat of
Adam s curse

For nmy final essay in this book takes up the inevitability
of death, and the conclusion is that though all nen are
nortal, they are not nearly as nortal as they ought to be.

Wy not? That is the chink in death's arnor. Wy does
man |live as surprisingly long as he does? If we can some-
day find the answer to that, we may find the answer to
much nore.

Imrortality?

Who knows, but-nmaybel!

Part |
OF TI ME AND SPACE

1. THE DAYS OF OUR YEARS

A group of us neet for an occasional evening of, talk and
nonsense, followed by coffee and doughnuts and one of

the group scored a coup by persuading a wel | -known
entertainer to attend the session. The well-known enter-
tai ner made one condition, however. He was not to enter-
tain, or even be asked to entertain. This was agreed to.

Now there arose a problem |If the neeting were |eft
to,its own devices, soneone was sure to begi n badgering
the entertainer. Consequently, other entertainment had to
be supplied, so one of the boys turned to nme and said,

"Say, you know what ?"

|, knew what and | objected at once. | said, "How can
| stand up there and talk with everyone staring at this
other fellow in the audi ence and wi shing he were up there
instead? You'd be throwing me to the wol ves!"

But they all smled very toothily and told ne about the
wonderful talks | give. (Sonehow everyone quickly dis-
covers the fact that | soften into putty as soon as the flat-
tery is turned on.) Inno time at all, | agreed to be thrown
to the wolves. Surprisingly, it worked, which speaks highly
for the audience's intellect-or perhaps their magnhanimty.

| As it happened, the neeting was held on "l eap day"
and so ny topic of conversation was ready-nmade and the
gist of it went as foll ows:

| suppose there's no question but that the earliest unit
of time-telling was the day. It forces itself upon the aware-
ness of even the nost primitive of humanoi ds. However,
the day is not convenient for long intervals of time. Even
allowing a primtive life-span of 80 years, a man woul d
live some 11,000 days and it is very easy to |ose track
anong all those days.
Since the Sun governs the day-unit, it seens natural to
turn to the next nobst proninent heavenly body, the Mon
for another unit. One offers itself at once, ready-nade-
the period of the phases. The Moon waxes fromnothing to
a full Mon and back to nothing in a definite period of
time. This period of tine is called the "month" in English
(clearly fromthe word "mooif') or, nore specifically, the
“lunar nonth," since we have other nobnths, representing
periods of tine slightly shorter or slightly longer than the



one that is strictly tied to the phases of the noon.

The lunar month is roughly equal to 291/2 days. More
exactly, it is equal to 29 days, 12 hours, 44 minutes, 2.8
seconds, or 29.5306 days.

In pre-agricultural tines, it my well have been that no,
speci al significance attached itself to the nonth, which re-
mai ned only a conveni ent device for measuring noderately
| ong periods of time. The life expectancy of prinitive man
was probably something |ike 350 months, which is a nuch
nore convenient figure than that of | 1,000 days.

In fact, there has been specul ation that the ext ended
lifetimes of the patriarchs reported in the fifth chapter of
the Book of Genesis may have arisen out of a confusion
of years with lunar nmonths. For instance, suppose Me-
thusel ah had lived 969 lunar nonths. This would be just
about 79 years, a very reasonable figure. However, once
that got twisted to 969 years by later tradition, we gained
the "old as Methusel ah” bit.

However, | nention this only in passing, for this idea
is not really taken seriously by any biblical scholars. It is
much nore likely that these lifetimes are a hangover from
Babyl oni an traditi ons about the times before the Fl ood.

.But I amoff the subject.

It is my feeling that the nmonth gai ned a new and
enhanced i nportance with the introduction of agriculture.

An agricultural society was much nore cl osely and pre-
cariously tied-to the season& than a hunting or herding

soci ety was. Nomads could wander in search of grain or
grass but farnmers had to stay where they were and hope

for rain. To increase their chances, farnmers had to be cer-
tain to sow at a proper tinme to take advantage of sea-

sonal rains and seasonal warnth; and a mistake in the
sowi ng period mght easily spell disaster. Wat's nore, the
devel opnent of agriculture nmade possi ble a denser popu-
lation, and that intensified the scope of the possible dis-
aster.

Man had to pay attention, then, to the cycle of seasons,

and while he was still in the prehistoric stage he nmust have
noted that those seasons cane fall cycle in roughly twelve
months. | n other words, if crops were planted at a par-
ticular time of the year and all went well, then, ff twelve

nont hs were counted fromthe first planting and crops
were planted again, all would again go well

Counting the nonths can be tricky in a primtive so-
ciety, especially when a mscount can be ruinous, so it isn't
surprising that the count was usually left in the hands
of a specialized caste, the priesthood. The priests could
not only devote their tine to accurate counting, but could
al so use their experience and skill to propitiate the gods.
After all, the cycle of the seasons was by no, means as rigid
and unvarying as was the cycle of day and night or the
cycle of the phases of the moon. A late frost or a failure
of rain could blast that season's crops, and since such
flaws in weather were bound to follow any little nmista e
inritual (at |least so men often believed), the priestly func-
tions were of inportance indeed.

It is not surprising then, that the lunar nmonth grew to
have enornous religious significance. There were new
Moon festivals and special priestly proclamations of each
one of them so that the lunar nonth cane to be called



the "synodic nmonth."

The cycle of seasons is called the "year" and twel ve
| unar months therefore make up a "lunar year." The use
of lunar years in neasuring tinme is referred to as the use
of a "lunar calendar." The only inmportant group of people
in modemtinmes, using a strict lunar cal endar, are the
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Moh amredans. Each of the Moharmmedan years is made
up of 12 nonths which are, in turn, usually nmade up of
29 and 30 days in alternation

Such nont hs average 29.5 days, but the length of the
true lunar nonth is, as |'ve pointed out, 29.5306 days.
The lunar year built up out of twelve 29.5-day nonths is
354 days | ong, whereas twelve lunar nonths are actually
354. 37 days | ong.

You may say "So what?" but don't. A true lunar year
shoul d al ways start on the day of the new Moon. If, how
ever, you start one |lunar year on the day of the new Mon
and then sinply alternate 29-day and 30-day nonths, the
third year will start the day before the new Mon, and the
sixth year will start two days before the new Moon. To
properly religious people, this would be unthinkable.

Now it so happens that 30 true lunar years cone out to
be al nost exactly an even nunber of days-10,631. 016.
Thirty years built up out of 29.5-day nmonths cone to
10, 620 days-just 1 1 days short of keeping tine with the
Moon' For that reason, the Mohanmredans scatter 1 1 days
through the 30 years in sonme fixed pattern which prevents
any individual year fromstarting as nmuch, as a full day
ahead or behind the new Moon. In each 30-year cycle
there are nineteen 354-day years and el even 355-day
years, and the cal endar remains even with the Mon

An extra day, inserted in this way to keep the cal endar
even with the novenents of a heavenly body, is called an
"intercalary day"; a day inserted "between the cal endar,"
so to speak.

The lunar year, whether it is 354 or 355 days in length,
does not, however, match the cycle of the seasons. By the
dawn of historic times the Babyl oni an astrononers had
noted that the Sun noved agai nst the background of stars
(see Chapter 4). This passage was followed with absorp-
tion because it grew apparent that a conplete circle of the
sky by the Sun matched the conplete cycle of the seasons
closely. (This apparent influence of the stars on the sea-
sons probably started the Babyl onian fad of astrol ogy-

which is still with us today.)
The Sun rmakes its conplete cycle about the zodiac in
16
roughly 365 days, so that the lunar year is'about Il days

shorter than the season-cycle, or "solar year." Three | unar
years fall 33 days, or alittle nore than a full nonth be-
hi nd t he season-cycle.

This is inportant. |If you use a |lunar cal endar and start
it so that the first day of the year is planting tine, then
three years later you are planting a nonth too soon, and



by the time a decade has passed you are planting in md-
winter. After 33 years the first day of the year is back
where it is supposed to be, having travel ed t hrough the
entire solar year

This is exactly what happens in the Mhamredan
year. The ninth nonth of the Mohammedan year is naned
Ramadan, and it is especially holy because it was the
nmont h i n whi ch Mohanmed began to receive the revel a-
tion of the Koran. |In Ranmadan, therefore, Mslens ab-
stain fromfood and water during the daylight hours.
But each year, Ramadan falls a bit earlier in the cycle of
the seasons, and at 33-year intervals it is to be found in
the hot season of the year; at this tine abstaining from
drink is particularly wearing, and Mosl em tenpers grow
particularly short.

The Mohammedan years are nunbered fromthe Hegira;
that is, fromthe date when Mohamed fled from Mecca
to Medina. That event took place in AD. 622. Odinarily,
you nught suppose, therefore, that to find the nunber of
the Mohanmmedan year, one need only subtract 622 from
the nunber of the Christian year. This is not quite so,
since the Mohamedan year is shorter than ours. | wite
this chapter in AD. 1964 and it is now 1342 sol ar years
since the Hegira. However, it is 1384 lunar years since the
Hegira, so that, as | wite, the Moslemyear is A H 1384.

I'"ve cal cul ated that the Mohamedan year will catch
up to the Christian year in about nineteen mllennia. The
year A.D. 20,874 will also be A H 20,874, and the Mbsl ens
will then be able to switch to our year with a ni ni mum of
troubl e.

But what can we do about the lunar year in order to
make it keep even with the seasons and the solar year? W
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can't just add Il days at the end, for then the next year
woul d not start with the new Moon and to the ancient
Babyl oni ans, for instance, a new Moon start was essenti al

However, if we start a solar year with the new Mon
and wait, we will find that the twentieth solar year there-
after starts once again on the day of the new Mdon. You
see, 19 sol ar years contain just about 235 | unar nonths.

Concentrate on those 235 lunar nonths. That is equiva-
lent to 19 lunar years (nade up of 12 l[unar nmonths each)
plus 7 lunar nonths left over. W could, then, if we
wanted to, let the |unar years progress as the Moham
medans do, until 19 such years had passed. At this tine
the cal endar woul d be exactly 7 months behind the sea-
sons, and by adding 7 nonths to the 19th year (a 19th
year of 19 nonths-very neat) we could start a new 19-
year cycle, exactly even with both the Mon and the sea-
sons.

The Babyl oni ans were unwilling, however, to let them
selves fall 7 nonths behind the seasons. Instead, they
added that 7-nonth di screpancy through the 19-year cycle,
one nonth at a time and as nearly evenly as possible. Each
cycle had twelve 12-nmonth years and seven 13-nontb
years. The "intercalary nonth" was added in the 3rd, 6th,
8tbh, I Ith, 14th, 17th, and 19th year of each cycle, so that



the year was never nore than about 20 days behi nd or
ahead of the Sun.

Such a cal endar, based on the lunar nmonths, but gim
m cked so as to keep up with the Sun, is a "lunar-solar
cal endar . "

The Babyl oni an | unar-sol ar cal endar was popul ar in
ancient tines since it adjusted the seasons while preserving
the sanctity of the Moon. The Hebrews and G eeks both
adopted this cal endar and, in fact, it is still the basis for
the Jewi sh cal endar today. The individual dates in the
Jewi sh cal endar are allowed to fall slightly behind the Sun
until the intercalary nmonth is added, when they suddenly
shoot slightly ahead of the Sun. That is why holidays |ike
Passover and Yom Ki ppur occur on di fferent days of the
civil calendar (kept strictly even with the Sun) each year
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These hol i days occur on the same day of the year each
year in the Jew sh cal endar

The early Christians continued to use the Jew sh cal en-
dar for three centuries, and established the dayof Easter
on that basis. As the centuries passed, matters grew sone-
what conplicated, for the Romans (who were beconing
Christian in swelling nunbers) were no |onger used to a
| unar-sol ar cal endar and were puzzled at the erratic junp-
i ng about of Easter. Sone fornula had to be found by
whi ch the correct date for Easter could be calculated in
advance, using the Roman cal endar

It was decided at the Council of Nicaea, in A D 325
(by which tinme Rome had becone officially Christian),
that Easter was to fall on the Sunday after the first full
Moon after the vernal equinox, the date of the vernal
equi nox being established as March 21. However, the ful
Moon referred to is not the actual full Mon, but a fic-
titious one called the "Paschal Full Mon" ("Paschal"
bei ng derived from Pesach, which is the Hebrew word for
Passover). The date of the Paschal Full Moon is cal cu-
| ated according to a fornula involving Gol den Nunbers
and Domi nical Letters, which | won't go into.

The result is that Easter still junps about t he days of
the civil year and can fall as early as March 22 and as
late as April 25. Many other church holidays are tied to

Easter and |ikew se nmove about fromyear to year

Moreover, all Christians have not always agreed on the
exact formula by which the date of Easter was to be cal -
cul ated. Disagreenent on this detail was one of the reasons
for the schism between the Catholic Church of the Wst
and the Othodox Church of the East. |In the early Mddle
Ages there was a strong Celtic Church which had its own
formul a.

Qur own calendar is inherited from Egypt, where sea-
sons were uninmportant. The one great event of the year
was the Nile flood, and this took place (on the average)
every 365 days. Froma very early date, certainly as early
as 2781 B.C., the Mon was abandoned and a "sol ar cal en-
19



dar," adapted to a constant-length 365-day year, was
adopt ed.

The sol ar cal endar kept to the tradition of 12 nonths,
however. As the year was of constant |ength, the nonths
were of constant |ength, too-30 days each. This neant
that the new Moon could fall on any day of the nonth,
but the Egyptians didn't care. (A nmonth not based on the
Moon is a "cal endar nmonth.")

O course 12 nonths of 30 days each add up only to
360 days, so at the end of each 12-nmonth cycle, 5 addi-
tional days were added and treated as holidays.

The sol ar year, however, is not exactly 365 days | ong.
There are several kinds of solar years, differing slightly in
l ength, but the one upon which the seasons depend is the
"tropical year," and this is about 3651/4 days | ong.

Thi s nmeans that each year, the Egyptian 365-day year
falls 1/4 day behind the Sun. As tinme went on the Nile
flood occurred later and later in the year, until finally it
had made a conplete circuit of the year. |In 1460 tropica
years, in other words, there would be 1461 Egypti an years.

This period of 1461 Egyptian yea'rs was called the
"Sothic cycle," from Sothis, the Egyptian name for the
star Sirius. |If, at the beginning of one Sothic cycle, Sirius
rose with the Sun on the first day of the Egyptian year, it
woul d rise later and later during each succeeding year
until finally, 1461 Egyptian years later, a new cycle would
begin as Sothis rose with the Sun on New Year's Day once
nor e.

The Greeks bad | earned about that extra quarter day as
early as 380 B.C., when Eudoxus of Cnidus nade the
di scovery. In 239 B.c. Ptoleny Euergetes, the Macedoni an
king of Egypt, tried to adjust the Egyptian cal endar to
take that quarttr day into account, but the ultra-conserva-
tive Egyptians woul d have none of such a radical innova-
tion.

Meanwhi | e, the Roman Republic had a | unar-sol ar
cal endar, one in which an intercalary nmonth was added
every once in a while. The priestly officials in charge were
el ected politicians, however, and were by no neans as con-
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scientious as those in the East. The Roman priests added
a nonth or not according to whether they wanted a | ong
year (when the other annually elected officials in power
were of their own party) or a short one (when they were
not). By 46 B.C., the Roman cal endar was 80 days behi nd
the Sun.

Julius Caesar was in power then and decided to put an
end to this nonsense. He had just returned from Egypt
where he had observed the conveni ence and sinplicity of
a solar year, and inmported an Egypti an astronomner, Sosig-
enes, to help him Together, they let 46 B.C. continue for
445 days so that it was |later known as "The Year of Con-
fusion." However, this brought the cal endar even with
the Sun so that 46 B.C. was the |ast year of confusion

Wth 45 B.C. the Romans adopted a nodified Egyptian
cal endar in which the five extra days at the end of the year
were distributed throughout the year, giving us our nonths



of uneven length. ldeally, we should have seven 30-day
nmont hs and five 31-day nmonths. Unfortunately, the Ro-

mans consi dered February an unlucky nmonth and short-

ened it, so that we ended with a silly arrangement of seven
31-day nonths, four 30-day nonths, and one 28-day

nmont h.

In order to take care of that extra 1/4 day, Caesar and
Sosi genes established every fourth year with a | ength of
366 days. (Under the nunbering of the years of the Chris-
tian era, every year divisible by 4 has the intercal ary day
-set as February 29. Since 1964 divided by 4 is 491
wi thout a remminder, there is a February 29 in 1964.)

This is the "Julian year," after Julius Caesar' At the
Council of N caea, the Christian Church adopted the
Julian calendar. Christmas was finally accepted as a
Church holiday after the Council of Nicaea, and given a
date in the Julian year. |t does not, therefore, bounce
about fromyear to year as Easter does.

The 365-day year is just 52 weeks and | day long. This
means that if February 6, for instance, is on a Sunday in
one year, it is on a Monday the next year, on a Tuesday

the year after, and so on. |If there were only 365-day years,
then any given date woul d nove through the days of the
21
week in steady progression. |If a 366-day year is involved,

however, that year is 52 weeks and 2 days long, and if
February 6 is on Tuesday that year, it is on Thursday the
year after. The day has | eaped over Wednesday. It is for
that reason that the 366-day year is called "leap yearip
and February 29 is "leap day."

Al would have been well if the tropical year were
really exactly 365.25 days long; but it isn't. The tropica
year is 365 days, 5 hours, 48 ninutes, 46 seconds, or
365. 24220 days long. The Julian year is, on the average,
11 m nutes 14 seconds, or 0.0078 days, too |ong.

This may not seem much, but it neans that the Julian
year gains a full day on the tropical year in 128 years. As
the Julian year gains, the vernal equinox, falling behind,
cones earlier and earlier in the year. At the Council of
Ni caea in A D. 325, the vernal equinox was on March 21
By A.D. 453 it was on March 20, by A.D. 581 on March
19, and so on. By A D 1263, in the lifetine of Roger
Bacon, the Julian year had gained ei ght days on the Sun
and the vernal equinox was on March 13.

Still not fatal, but the Church | ooked forward to an
indefinite future and Easter was tied to a vernal equi nox
at March 21. If this were allowed to go on, Easter would
conme to be celebrated in midsumer, while Christmas
would ed e into the spring. |In 1263, therefore, Roger
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Bacon wote a letter to Pope Urban IV explaining the
situation. The Church, however, took over three centuries
to consider the matter.

By 1582 the Julian cal endar had gai ned two nore days
and the vernal equinox was falling on March | 1. Pope
Gregory Xlll finally took action. First, he dropped ten
days, changing Cctober 5, 1582 to Cctober 15, 1582. That



brought the cal endar even with the Sun and the verna
equi nox in 1583 fell on March 21 as the Council of Nicaea
had decided it shoul d.

The next step was to prevent the cal endar fromgetting
out of step again. Since the Julian year gains a full day
every 128 years, it gains three full days in 384 years or
to approximate slightly, three full days in four centuries.
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That means that every 400 years, three | eap years (accord-
ing to the Julian system) ought to be omtted.

Consi der the century years-1500, 1600, 1700, and so
on. In the Julian year, all century years are divisible by
4 and are therefore | eap years. Every 400 years there are
4 such century years, so why not keep 3 of them ordinary
years, and allow onl one of them (the one that is divisible

by 400) to be a leap year? This arrangenent will match
the year nore closely to the Sun and give us the "Ge-
‘gorian cal endar."

To summari ze: Every 400 years, the Julian cal endar
allows 100 leap years for a total of 146,100 days. |In that
same 400 years, the Gregorian cal endar allows only 97
| eap years for a total of 146,097 days. Conpare these
lengths with that of 400 tropical years, which cones to
146, 096. 88. \Wereas, in that stretch of tinme, the Julian
year had gained 3.12 days on the Sun, the Gregorian year
had gai ned only 0.12 days.

Still, 0.12 days is nearly 3 hours, and this neans that
in 3400 years the Gregorian calendar will have gained a
full day on the Sun. Around A.D. 5000 we will have to
consi der dropping out one extra | eap year.

But the Church had waited a little too long to take
action. Had it done the job a century earlier, all western
Eur ope woul d have changed cal endars w t hout trouble.

By A D. 1582, however, nuch of northern Europe bad

turned Protestant. These nations would far sooner renain
out of step with the Sun in accordance with the dictates of
the pagan Caesar, than consent to be corrected by the

Pope. Therefore they kept the Julian year.

The year 1600 introduced no crisis. It was a century
year but one that was divisible by 400. Therefore, it was
a |l eap year by both the Julian and G egorian cal endars.

But 1700 was a different matter. The Julian cal endar had
it as a leap year and the Gregorian di 'd not. By March 1,
1700, the Julian cal endar was going to be an additiona
day ahead of the Sun (el even days altogether). Denmark,
the Net herl ands, and Protestant Germany gave in and
adopted the G egorian cal endar
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Geat Britain and the Anerican col onies held out unti
1752 before giving in. Because of the additional day
gained in 1700, they had to drop el even days and changed
Septenber 2, 1752 to Septenber 13, 1752. There were
riots all over England as a result, for nany people cane
quickly to the conclusion that they had suddenly been
made el even days ol der by legislation



"G ve us back our el even days!" they cried in despair

(A nore rational objection was the fact that although
the third quarter of 1752 was short el even days, |andl ords
calmMy charged a full quarter's rent.)

As a result of this, it turns out that Washi ngton was not
born on "Washington's birthday." He was born on Febru-
ary 22, 1732 on the G egorian cal endar, to be sure, but
the date recorded in the family Bible had to be the Julian
date, February 11, 1732. \Wen the changeover took pl ace,
Washi ngt on-a remar kably sensi bl e nan changed t he
date of his birthday and thus preserved the actual day.

The Eastern Orthodox nations of Europe were nore
stubborn than the Protestant nations. The years 1800 and
1900 went by. Both were |leap years by the Julian cal endar
but not by the Gregorian calendar. By 1900, then, the
Julian vernal equinox was on March 8 and the Julian
cal endar was 13 days ahead of the Sun. It was not unti
after Wrld War | that the Soviet Union, for instance,
adopted the Gegorian calendar. (In doing so, the Soviets
made a slight nodification of the | eap year pattern which
made matters even nore accurate. The Sovi et cal endar will
not gain a day on the Sun until fully 35,000 years pass.)

The Orthodox churches thensel ves, however, still cling
to the Julian year, which is why the Othodox Christnas
falls on January 6 on our calendar. It is still Decenber

25 by their cal endar

In fact, a horrible thought occurs to ne-

| was nyself born at a tine when the Julian cal endar
was still in force in the-ahemold country.* Unlike
CGeorge Washington, | never changed the birthdate and, as
a result, each year | celebrate nmy birthday 13 days earlier

* WEIl, the Soviet Union, if you nust know. | came here at the
age of 3.
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than | shoul d, meking nyseff 13 days older than | have to
be.

And this 13-day older ne is in all the records and
can't ever change it back.

G ve ne back ny 13 days! G ve ne back ny 13 days!
G ve me back .
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2. BEG N AT THE BEG NNI NG

Each year, another New Year's Day falls upon us; and
because ny birthday follows hard upon New Year's Day,

the beginning of the year is always a doubl ed occasion for
great and sonber soul -searching on ny part.



Perhaps | can make ny consci ousness of passing tine
| ess poi gnant by thinking nore objectively. For instance,
who says the year starts on New Year's Day? Wat is
there about New Year's Day that is different from any
ot her day? What makes January | so special ?

In fact, when we chop up tine into any kind of units,
how do we decide with which unit to start?

For instance, let's begin at the beginning (as | dearly
| ove to do) and consider the day itself.

The day is composed of two parts, the daytinme* and
the night. Each, separately, has a natural astronomc
begi nning. The daytine begins with sunrise; the night be-
gins with sunset. (Dawn and tw |ight encroach upon the
night but that is a nmere detail.)

In the latitudes in which nost of humanity live' how-
ever, both daytime and ni ght change in length during the
year (one growi ng |longer as the other grows shorter) and
there is, therefore, a certain convenience in using daytine
plus night as a single twenty-four-hour unit of time. The
conbi nati on of the two, the day, is of nearly constant
durati on.

It is very annoying that "day" means both the sunlit portion
of time and the twenty-four-hour period of daytime and ni ght
together. This is a conpletely unnecessary shortcom ng of the
admirabl e English [ anguage. | understand that the G eek |anguage
contains separate words for the two entities. | shall use "daytine"
for the sunlit period and "day" for the twenty-four-hour period.
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Well, then, should the day start at sunrise or at sunset?
You night argue for the first, since in a primtive society
that is when the workday begins. On the other hand, in
that sanme society sunset is when the workday ends, and
surely an endi ng neans a new begi nni ng.

Sone groups made one deci sion and sonme the other
The Egyptians, for instance, began the day at sunrise,
whil e the Hebrews began it at sunset.

The latter state of affairs is reflected in the very first
chapter of Genesis in which the days of creation are de-
scribed. In CGenesis 1:5 it is witten- "And the evening
and the nmorning were the first day." Evening (that is,
ni ght) comes ahead of nmorning (that is, daytinme) be-
cause the day starts at sunset.

This arrangenent is maintained in Judaismto this day,
and Jew sh holidays still begin "the evening before
Christianity began as an of fshoot of Judai smand remants
of this sunset beginning cling even now to sone non-

Jewi sh hol i days.

The expression Christmas Eve, if taken literally, is t he
eveni ng of Decenber 25, but as we all know it really
nmeans the eveni ng of' Dccenber 24-which it woul d natu-
rally mean if Christmas began "the evening before" as a
Jewi sh holiday woul d. The same goes for New Year's
Eve.

Anot her familiar example is Al Hallows' Eve, the eve-
ning of the day before Al Hallows' Day, which is given
over to the commenoration of all the "hallows" (or
"saints"). Al Hallows' Day is on Novermber 1, and Al



Hal |l ows' Eve is therefore on the evening of COctober 31.
Need |I tell you that AU Hallows' Eve is better known by
its famliar contracted form of "Halloween."

As a matter of fact, though, neither.sunset nor sunrise is
now t he begi nning of the day. The period fromsunrise to
sunrise is slightly nore than 24 hours for half the year as
the daytime periods grow shorter, and slightly | ess than 24
hours for the remaining half of the year as the daytine
periods grow longer. This is also true for the period from
sunset to sunset.

Sunri se and sunset change in opposite directions, either
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approachi ng each other or receding fromeach other, so
that the middle of daytime (nmidday) and the niddle

of night (mdnight) remain fixed at 24-hour intervals

t hroughout the year. (Actually, there are mnor deviations
but these can be ignored.)

One can begin the day at midday and count on a steady
24-hour cycle, but then the working period is split between
two different dates. Far better to start the day at mi dnight
when all decent people are asleep; and that, in fact, is what
we do.

Astrononers, who are anong the indecent mnority not
in bed asleep at midnight, long insisted on starting their
day at n-fidday so as not to break up a night's observation
into two separate-dates. However, the spirit of conformty
was not to be withstood, and in 1925, they accepted the in-
conveni ence of a beginning at mdnight in order to get into
step with the rest of the world.

Al the units of tine that are shorter than a day depend
on the day and offer no problem You start counting the
hours fromthe begi nning of the day; you start counting
the m nutes fromthe beginning of the hour; and so on

O course, when the start of the day changed its posi-
tion, that affected the counting of the hours. Oiginally, the
dayti me and the night were each divided into twelve hours,
begi nning at, respectively, sunrise and sunset. The hours
changed length with the change in |length of daytime and
night so that in June (in the northern hem sphere) the
dayti me was made up of twelve long hours and the night of
twel ve short hours, while in Decenber the situation was
reversed

Thi s manner of counting the hours still survives in the
Cat holic Church as "canonical hours." Thus, " pri me"
("one") is the termfor 6 AM "Tierce" ("three") is 9

A M, "sext" ("six") is 12 AM, and "none" ("nine") is 3
P.M Notice that "none" is located in the mddle of the
afternoon when the day is warnmest. The warmest part of
the day mght well be felt to be the mddle of the day,
and the word' was somehow switched to the astrononic
m dday so that we call 12 A M "nQon.lY
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Thi s ol der method of counting the hours also plays a
part in one of the parables of Jesus (Matt. 20:1-16), in
whi ch | aborers are hired at various tines of the day, up



to and including "the eleventh hour." The el eventh hour
referred to in the parable is one hour before sunset'when'
the working day ends. For that reason, "the el eventh hour"
has come to nmean the | ast nonment in which sonething can

be done. 'ne force of the expression is |ost on us, how
ever, for we think of the eleventh hour as being either | 1
AM or 11 Pm, and 11 AM is too early in the day to
begin to feel panicky, while Il P.m is too |ate-we ought
to be asleep by then.

The week originated in the Babyl oni an cal endar where
one day out of seven was devoted to rest. (The rationale
was that it was an unlucky day.)

The Jews, captive in Babylon in the sixth century B.C
pi cked up the notion and established it on a religious
basis, making it a day of happiness rather than of il
fortune. They explained its beginnings in Genesis 2:2
where, after the work of the six days of creation-"on
the seventh day God ended his work wbich' he had made;
and he rested on the seventh day."

To "those societies which accept the Bible as a book
of special significance, the Jew sh "sabbat b" (fromthe
Hebrew word for "rest") is thus defined as the seventh,
and | ast, day of the week. This day is the one narked
Sat urday on our cal endars., and Sunday, therefore, is the
first day of a new week. All our cal endars arrange the
days in seven colunins with Sunday first and Saturday
sevent h.

The early Christians began to attach special significance
to the first day of the week. For one thing, it was the
"Lord's day" since the Resurrection had taken place on
a Sunday. Then, too, as tinme went on and Christians
began to think of thenselves as something nore than a
Jewi sh sect, it becane inportant to themto have distinct
rituals of their owm. |In Christian societies, therefore,
Sunday, and not Saturday, becanme the day of rest. (O
course, in our nodemeffete tinmes, Saturday and Sunday
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are both days of rest, and are |unped together as the
"weekend," a period cel ebrated by autonobil e accidents.)

The fact that the work week begi ns on Monday causes
a great many people to think of that as the first day of the
week, and leads to the following children's puzzle (which
| mention only because it trapped nme neatly the first tinme

| heard it).
You ask your victimto pronounce t-o, t-o0-o0, and t-w o,
one at a tinme, thinking deeply between questions. |In each

case he says (wondering what's up) "tooooo."

Then you say, "Now pronounce the second day of the
week" and his face clears up, for he thinks he sees the
trap. He is sure you are hoping he will say "toooosday"
like a lowbrow. Wth exaggerated precision, therefore, he
says "tyoosday."

At which you |l ook gently puzzled and say, "lIsn't that
strange? | always pronounce it Monday."

The nonth, being tied to the Moon, began, in ancient
times, at a fixed phase. |In theory, any phase will do. The



nonth can start at each full Mon, or each first quarter
and so on. Actually, the nost |logical Way is to begin
each nmonth with the new Moon-that is, on that evening
when the first sliver of the growi ng crescent nakes itself
visible imedi ately after sunset. To any logical primtive,
a new Moon is clearly being created at that tinme and the
nmont h. should start then

Nowadays, however, the nonth is freed of the Mon
and is tied to the year, which is in turn based on the Sun.
In our calendar, in ordinary years, the first nonth begins
on the first day of the year, the second nmonth on the 32nd
day of the year, the third nmonth on the 60th day of the
year, the fourth nonth on the 91st day of the year, and
so on-quite regardl ess of the phases of the Mon. (In
a leap year, all the nonths fromthe third onward start
a day | ate because of the existence of February 29.

But that brings us to the year. \Wen does that begi n
and why?
Primtive agricultural societies must have been first
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aware of the year as a succession of seasons. Spring,
summrer, autumm, and wi nter were the norning, m dday,

eveni ng and night of the year and, as in the case of the day,
there seenmed two equally qualified candi dates for the

post of begi nning.

The begi nning of the work year is the time of spring,
when warnth returns to the earth and planting can begin.
Shoul d that not al so be the beginning of the year in
general ? On the other hand, autum marks the end of the
work year, with the harvest (it is to be devoutly hoped)
safely in hand. Wth the work year ended, ought-not the
new year begin?

Wth the devel opment of astronony, the beginning of
the spring season was associated with the vernal equinox
(see Chapter 4) which, on our calendar, falls on March
20, while the begi nning of autumm is associated with the
aut umal equi nox which falls, half a year later, on
Sept enber 23.

Sone soci eties chose one equi nox as the begi nning
and sonme the other. Anong the Hebrews, both equi noxes
cane to be associated with a New Year's Day. One of
these fell on the first day of the nonth of-Ni san (which
cones at about the vernal equinox). In the mddle of
that nonth cones the feast of Passover, which is thus
tied to the vernal equinox.

Si nce, according to the Gospels, Jesus' Crucifixion and
Resurrection occurred during the Passover season (the
Last Supper was a Passover seder), Good Friday and
Easter are also tied to the vernal equinox (see Chap-
ter I ).

The Hebrews al so cel ebrated a New Year's Day on
the first two days of Tishri (which falls at about the
aut umal equi nox), and this becane the nore inportant
of the two occasions. It is celebrated by Jews today as
"Rosh Hashonah" ("head of the year"), the famliarly
known "Jewi sh New Year."

A much later exanple of. a New Year's Day in con-



nection with the autumal equinox came in connection

with the French Revolution. On Septenber 22, 1792,

the French nonarchy was abolished and a republic pro-
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claimed The Revolutionary idealists felt that since a new
epoch in human hi story had begun, a new cal endar was
needed. They made Septenber 22 the New Year's Day
and established a new list of nonths. The first nonth
was Vend6ni are, so that Septenber 22 becane Vend6-
mare 1.
For thirteen years, Vend6m are | continued to be the
of ficial New Yeaes Day of the French Governnent, but
the cal endar never caught on outside France or, even
among the people inside France. |n 1806 Napol eon gave
up the struggle and officially reinstated the old cal endar

There are two inportant solar events in addition to the
equi noxes. After the vernal equinox, the noonday Sun con-
tinues to rise higher and higher until it reaches a maxi mum
hei ght on June 21, which is the sumer solstice (see
Chapter 4), and this day, in consequence, has the | ongest
daytime period of the year.

The hei ght of the noonday Sun declines thereafter unti
it reaches the position of the autummal equinox. It then
continues to decline farther and farther fill it reaches a
m ni mum hei ght on Decenber 21, the winter solstice and
the shortest daytime period of the year

The summer solstice is not of rmuch significance. "Md-
sumrer Day" falls at about the summer solstice (die tradi-
tional English day is June 24). This is atime for gaiety
and carefree joy, even folly. Shakespeare's A M dsumer
Night's Dreamis an exanple of a play devoted to the kind
of not-to-be-taken-seriously fun of the season, and the
phrase "m dsumrer madness"” nay have arisen simlarly.

The winter solstice is a nmuch nore serious affair. The
Sun is declining fromday to day, and to a prinmitive so-
ciety, not sure of the invariability of astronom cal laws, it

m ght well appear that this time, the Sun will continue its
decline and di sappear forever so that spring wll never
come again and all life will die.

Therefore, as the Sun's decline slowed fromday to day
and cane to a halt and began to turn on Decenber 21
there nust have been great relief and joy which, in the
end, becane ritualized into a great religious festival,
mar ked by gai ety and |icentiousness.
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The best-known exanples of this are the several days of
hol i day anong the Romans at this season of the year. The
hol i day was in honor of Saturn (an ancient Italian god of

agriculture) and was therefore called the "Satumalia." It
was a tine of feasting and of giving of presents; of good
will to nen, even to the point where slaves were given

tenmporary freedomwhile their nasters waited upon them
There was also a lot of drinking at Satumalia parties.

In fact, the word "saturnalian" has cone to mean dis-
solute, or characterized by unrestrained nerriinent.

There is logic, then, in beginning the year at the w nter



sol stice which marks, so to speak, the birth of a new Sun

as the first appearance of a crescent after sunset marks the
birth of a new Moon. Sonething |ike this may have been

in Julius Caesar's mnd when he reorgani zed the Roman

cal endar and made it solar rather than |unar (see Chap-

ter 1 ).

The Romans had, traditionally, begun their year on
March 15 (the "ldes of March"), which was intended to
fall upon the vernal equinox originally but which, thanks
to the sloppy way in which the Romans nai ntained their
cal endar, eventually noved far out of synchronization wth
the equi nox. Caesar adjusted nmatters and moved the beg-
ning of the year to January 1 instead, placing it nearly at
the winter solstice

This habit of beginning the year on or about the winter
sol stice did not become universal, however. |In England
(and the Anerican col onies) March 25, intended to repre-
sent the vernal equinox, remainedthe official beginning of
the year until 1752. It was only then that the January I
begi nni ng was adopt ed.

The begi nning of a new Sun reflects itself in nodem
times in another way, too. In the days of the Ronan Em
pire, the rising power of Christianity found its nost dan-
gerous conpetitor in Nfithraism a cult that was Persian
in origin and was devoted to sun worship. The ritual cen-
tered about the nythol ogi cal character of NEthras, who
represented the Sun, and whose birth was cel ebrated on
Decenber 25-about the time of the winter solstice. This
was a good time for a holiday, anyway, for the Ronans
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were used to celebrating the SatumaEa at that time of
year.
Eventual Iy, though, Christianity stole Mthraic thunder
by establishing the birth of Jesus on Decenmber 25 (there
is no biblical authority for this), so that the period of the
wi nter solstice has cone to mark the birth of both the Son
and the Sun. There are sone present-day noralists (of
whom | am one) who find sonething unpl easantly reni-
ni scent of the Roman Satunmalia in the nbdem secul ar
cel ebration of Christmas.

But where do the years begin? It is certainly convenient
to nunber the years, but where do we start the nunbers?
In ancient times, when the sense of history was not highly
devel oped, it was sufficient to begin nunbering the years
with the accession of the local king or ruler. The nunber-
i ng woul d begin over again with each new kin . Were a

9
city has an annually chosen magi strate, the year might not
be nunbered at all, but nerely identified by the nane of

the magi strate for that year. Athens named its years by
its archons.

When the Bible dates things at all, it does it in this
manner. For instance, in Il Kings 16:1, it is witten: "In
t he seventeenth year of Pekah the son of Remall ah, Ahaz
the son of Jotham ki ng of Judah began to reign." (Pekah
was the contenporary king of I|srael.)

And in Luke 2:2, the time of the taxing, during which



Jesus was born, is dated only as follows: "And this taxing
was first made when Cyrenius was governor of Syria."

Unl ess you have accurate lists of kings and magi strates
and know j ust how nany years each was in power and
how to relate the list of one region with that of another
you are in trouble, and it is for that reason that so many
anci ent dates are uncertain even (as | shall soon expl ain)
a date as inportant as that of the birth of Jesus.

A much better systemwould be to pick some inportant
date in the past (preferably one far enough in the past
so that you don't have to deal with negative-nunbered
years before that time) and nunber the years in progres-
sion thereafter, without ever starting over
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The Greeks made use of the A ynpian Games for that
purpose. This was celebrated every four years so that a
four-year cycle was an "O ynpiad." The O ynpi ads were
nunbered progressively, and the year itself was the Ist,
2nd, 3rd or 4th year of a particular d ynpiad.

This is needlessly complicated, however, and in the tine
foll owi ng Al exander the G eat sonmething better was in-
troduced into the Greek world. The ancient East was being
fought over by Al exander's generals, and one of them
Sel eucus, defeated another at Gaza. By this victory Sel eu-
cus was confirmed in his rule over a vast section of Asia.
He deternined to nunber the years fromthat battle, which
took place in the Ist year of the 117th A ynpiad. That
year became Year 1 of the "Seleucid Era," and | ater years
continued in succession as 2, 3, 4, 5 and so on. Nothing
nore el aborate than that.

The Sel eucid Era was of unusual inportance because Se-
| eucus and his descendants rul ed over Judea, which there-
fore adopted the system Even after the Jews broke free
o If the Seleucids under the | eadership of the Maccabees,
they continued to use the Seleucid Era in dating their com
nmerci al transactions over the I ength and breadth of the
ancient world. Those conmercial records can be tied in
with various |local year-dating systens, so that many of
them coul d be accurately synchronized as a result.

The nost inportant year-dating system of the ancient
wor | d, however, was that of the "Roman Era." This began
with the year in which Rome was founded. According to
tradition, this was the 4th Year of the 6th O ynpiad,
whi ch cane to be considered as | A U C. (The abbrevia-
tion "A U C" stands for "Anno U bis Conditae"; that is,
"The Year of the Founding of the Cty.")

Using the Roman Era, the Battle of Zama, in which
Hanni bal was defeated, was fought in 553 A U. C.,
whil e Julius Caesar was assassinated in 710 A U.C, and
so on. This systemgradually spread over the ancient
worl d, as Rome waxed suprene, and lasted well into early
medi eval tines.

The early Christians, anxious to show that biblica
records antedated those of G eece and Ronme, strove to
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begin counting at a date earlier than that of either the



foundi ng of Rone or the beginning of the A ynpian
Ganes. A Church historian, Eusebius of Caesarea, who
lived about 1050 A.U.C., calculated that the Patriarch
Abr aham bad been born 1263 years before the founding
of Rome. Therefore he adopted that year as his Year 1, so
that 1050 A u.c. becane 2313, Era of Abraham

Once the Bible was thoroughly established as the book
of the western world, it was possible to carry matters to
their |logical extreme and date the years fromthe creation
of the world. The nedieval Jews cal cul ated that the crea-
tion of the world had taken place 3007 years before the
foundi ng of Rone, while various Christian calculators
chose years varying from 3251 to 4755 years before the
foundi ng of Rone. These are the various "Mindane Eras"
("Eras of the World"). The Jewi sh Mundane Era is used
today in the Jewi sh cal endar, so that in Septenber 1964,
the Jewi sh year 5725 began

The Mundane Eras have one inmportant factor in their
favor. They start early enough so that there are very few,
if any, dates in recorded history that have to be given
negative nunbers. This is, not true of the Roman Era, for
i nstance. The founding of the A ynpian Ganes, the
Trojan War, the reign of David, the building of the
Pyram ds, all cane before the foundin of Rone and have

9
to be given negative year nunbers.

The Romans woul dn't have cared, of course, for none
of the ancients were very chronol ogy consci ous, but
nodem hi storians would. In fact, nodem historians are
even worse of f than they woul d have been if the Ronman
Era had been retai ned.

About 1288 A . U.c., a Syrian nonk named Di onysi us
Exi guus, working from bi blical data and secul ar records,
cal cul ated that Jesus nust have been born in 754 A U.C
This seenmed a good time to use as a begi nning for counting
the years, and in the tinme of Charlemagne (two and a
hal f centuries after Dionysius) this notion won out.

The year 754 A.U.c. becanme A.1). | (standing for Anno
Dom ni, neaning "the year of the Lord"). By this new
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“"Christian Era," the founding of Ronme took place in 753
B.C. ("before Christ"). The first year of the first Awvnt)iad
was in 776 B.C., the first year of the Seleucid Era was in
312 Bc., and so on.

This is the systemused today, and means that all or
ancient history from Suner to Augustus must be dated in
negati ve nunbers, and we mnust forever renmenber that
Caesar was assassinated in 44 B.C. and that the next year
i s nunber 43 and not 45.

Wirse still, Dionysius was wong in his calcul ations.
Matthew 2: 1 clearly states that "Jesus was born in Bethle-
hem of Judea in the days of Herod the king." This Herod
is the so-called Herod the Great, who was born about 681
A u.c., and was made king of Judea by Mark Antony in
714 A-u.c. He died (and this is known as certainly as any
ancient date is known) in 750 A .U c., and therefore Jesus
could not have been born any later than 750 A U.C



But 750 A.U.c., according to the system of Di o' nysius
Exiguus, is 4 B.C., and therefore you constantly find in lists
of dates that Jesus was born in 4 B.C.; that is, four years
before the birth of Jesus.

In fact, there is no reason to be sure that Jesus was
born in the very year that Herod died. In Mtthew 2:16,
it is witten that Herod, in an attenpt to kill Jesus, ordered
all male children of two years and under to be slain. This
verse can be interpreted as indicating that Jesus may have
been at least two years old while Herod was still alive, and
m ght therefore have been born as early as 6 B.C. |ndeed,
some estimates have placed the birth of Jesus as early as
17 B.C

VWhich forces me to adnmit sadly that although | Io
begin at the beginning, | can't always be sure where
begi nning is.

37
3. GHOST LINES IN THE SKY

My son is bearing, with strained patience, the quasi-hu-
nor ous changes bei ng rung upon his last name by his

grade, school classmates. M explanation to himthat the
nane "Asinov," properly pronounced, has a noble reso-

nance |like the distant clash of sword on shield in the age
of chivalry, |eaves himunnoved. The hostile ook in his
eyes tells me quite plainly that he considers it my duty as
a father to change my nane to "Snmith" forthwth.

O course, | synpathize with him for in ny time, 1,
too, have been victimzed in this fashion. The ordinary
m sspellings of the uninforned | lay to one side. However,
there was one time . .

It was when | was in the Arny and wor ki ng out ny
stint in basic training. One of the courses to which we were
exposed was map-readi ng, which had the great advantage
of being better than drilling and hiking. And then, like a
bolt of lightning, the sergeant in charge pronounced the
fatal word "azimuth" and all faces turned toward ne.

| stared back at those stalwart sol dier-boys in horror
for | realized that behind every pair of beady little eyes,
a small brain had suddenly di scovered a source of infinite
fun.

You're right. For what seemed nonths, | was |saac
Azimuth to every com c on the post, and every soldier on
the post considered hinself a comc. But, as | told nyself
(paraphrasing a great Anerican poet), "This is the arny,

M. Azimuth."

Sonehow, | survived

And, as fitting revenge, what better than to tell all you
i noffensive Gentle Readers, in full and |leisurely detail,



exactly what azinmuth is?
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It all starts with direction. The first, nmost primtive,
nost useful way of indicating direction is to point. "They
went that-a-way." O, you can nake use of sonme |and-
mark known to one and all, "Let's head themoff at the
gul ch.

This is all right if you are concerned with a small sec-
tion of the Earth's surface; one with which you and your
friends are intimately faniliar. Once the horizons w den
however, there is a search for methods of giving directions
that do not depend in any way on local terrain, but are the
same everywhere on the Earth.

An obvious nmethod is to make use of the direction of
the rising Sun and that of the setting Sun. (These direc-
tions change fromday to day, but you can take the average
over the period of a year.) These are opposite directions,
of course, which we call "east" and "west." Another pair
of opposites can be set up perpendicular to these and be
called "north" and "south."

If, at any place, north, east, south, and west are deter-
m ned (and this could be done accurately enough, even in
prehistoric times, by careful observations of the Sun) there
is nothing, in principle, to prevent still finer directions
from being established. W can have northeast, north-
nort heast, northeast by north, and so on

Wth a conpass you can accept directions of this sort,
follow them for specified distances or via specified | and-
mar ks, and go wherever you are told to go. Furthernore,
if you want to map the Earth, you can start at some point,
travel a known distance in a known direction to another
point, and | ocate that point (to scale) on the map. You
can then do the sane for a third point, and a fourth, and
a fifth, and so on. In principle the entire surface of the
pl anet can be laid out in this manner, as accurately as
you wi sh, upon a gl obe.

However, the fact that a thing can be done "in prin-
ciple" is cold confort if it is unbearably tedi ous and woul d
take a mllion men a mllion years. Besides, the conpass
was unknown to western man until the thirteenth century,
and the G eek geographers, in trying to map the world
had to use ot her dodges.
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One nethod was to note the position of the Sun at md-
day; that is at the nmoment just hal fway between sunrise
and sunset. On any particular day there will be sone spots
on Earth where the Sun will be directly overhead at md-
day. The ancient Greeks knew this to be true of southern
Egypt in late June, for instance. In Europe, however, the
sun at midday always fell short of the overhead point.

This could easily be explained once it was realized that
the Earth was a sphere. It could furthernore be shown,
without difficulty that all points on Earth at which the Sun,
on some particular day, fell equally short of the overhead
poi nt at midday, were on a single east-west line. Such a
line could be drawn on the map and used as a reference

and



for the location of other points. The first to do so was a
Greek geographer named Di caearchus, who |ived about
300 B.c. and was one of Aristotle s pupils.

Such a line is called a line of "latitude," froma Latin
word meani ng broad or wi de, for when maki ng use of the
usual convention of putting north at the top of a map,
the east-west lines run in the direction of its wdth.

Naturally, a number of different lines of latitude can be
determ ned. All run east-west and all circle the sphere of
the Earth at constant distances fromeach other, and so are
parallel. They are therefore referred to as "parallels of
latitude."

The nearer the parallels of latitude to either pole, the
smal ler the circles they make. (If you have a gl obe, [oo0k
at it and see.) The longest parallel is equidistant fromthe
pol es and makes the largest circle, taking in the maxi num
girth of the Earth. Since it divides the Earth into two equa
hal ves, north and south, it is called the "equator" (from
a Latin word neaning "equalizer").

If the Earth were cut through at the equator, the section
woul d pass through the center of the Earth. That makes
the equator a "great circle." Every sphere has an infinite
nunber of great circles, but the equator is the only parallel
of latitude that is one of them

It early became customary to neasure off the parallels
of latitude in degrees. There are 360 degrees, by coilven-
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tion, into which the full circunference of a sphere can be
divided. If you travel fromthe equator to the North Pol e,
you cover a quarter of the Earth's circunference and
therefore pass over 90 degrees. Consequently, the parallels
range fromO at the equator to 90' at the North Pole
(the small ' representing "degrees").

.1f you continue to nove around the Earth past the
North Pole so as to travel toward the equator again, you
must pass the parallels of latitude (each of which encircles
the Earth east-west) in reverse order, traveling from 90
back to O at the equator (but at a point directly opposite
that of the equatorial beginning). Past the equator, you
nove across a second set of parallels circling the southern
hal f of the globe, up to 90" at the South Pole and then
back to O, finally at the starting point on the equator

To differentiate the O to 90' stretch fromequator to
North Pole and the simlar stretch fromequator to South
Pol e, we speak of "north latitude" and "south latitude."
Thus, Phil adel phia, Pennsylvania is on the 400 north
latitude parallel, while Valdivia, Chile is on the 40" south
| atitude parall el

Parall el s of latitude, though excellent as references
about which to build a map, cannot by thensel ves be used
to locate points on the Earth's surface. To say that Qito,
Ecuador is on the equator nmerely tells you that it is sone-
where along a circle 25,000 niles in circunference.

For accurate |ocation one needs a gridwork of lines-a
set of north-sbuth Iines as well as east-west ones. These
north-south lines, running up and down the conventionally
oriented map (longways) would naturally be called "l ongi-



tude. "

Whenever it is mdday upon sonme spot of the Earth it is
m dday at all spots on the sane north-south line, as one
can easily show if the Earth is considered to be a rotating
sphere. The north-south line is therefore a "nmeridian" (a
corruption of a Latin word for "nidday"), and we speak
of "neridians of |ongitude."

Each neridi an extends due north and south, reaching
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the North Pole at one extreme and the South Pol e at the
other. Al the meridians therefore converge at both poles

and are spaced nost widely apart at the equator, for al

the world like the boundary Iines of the segnents of a
tangerine. |If one imagines the Earth sliced in two al ong

any neridian, the slice always cuts through the Earth's
center, so that all neridians are great circles, and each
stretches around the world a di stance of approxi mately

25,000 mil es.

By 200 B.C. maps being prepared by G eeks were
marked off with both | ongitude and I atitude. However,
maki ng the gridwork accurate was another thing. Latitude
was all right. That nmerely required the determ nation of
the average height of the midday sun or, better yet, the
average height of the North Star. Such deterninations
could not be made as accurately in ancient Geek tines as
in nmodemtines, but they could be made precisely enough
to produce reasonably accurate results.

Longi tude was another matter. For that you needed the
time of day. You had to be able to conpare the tine at

whi ch the Sun, or better still, another star (the sun is a
star) was directly above the | ocal neridian, as conpared
with the tine it was directly, above another neridian. |If

a star passed over the neridian of Athens in Greece at a
certain tinme, and over the nmeridian of Messina in Sicily
32 minutes later, then Messina was 8 degrees of |ongitude
west of Athens. To determine such matters, accurate tine-
pi eces were necessary; timepieces that could be relied on
to maintain synchronization to within fractions of a mnute
over |l ong periods while separated by I ong distance; and to
remain in synchronization with the Earth's rotation, too.

In ancient times, such tinepieces sinply did not exist
and therefore even the best of the ancient geographers
managed to get their neridians tangled up. Eratosthenes of
Cyrene, who flourished at Al exandria in 200 B.c., thought
that the neridian that passed through Al exandria al so
passed through Byzantium (the nodern city of Istanbul
Turkey). That neridian actually passes about 70 miles
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east of Istanbul. Such discrepancies tended to increase in
areas farther renoved from hone base.

O course, once the circunference of the earth is known
(and Eratosthenes hinself calculated it), it is possible to
cal cul ate the east-west di stance between degrees of |ongi-
tude. For instance, at the equator, one degree of |ongitude
is equal to about 69.5 mles, while at a latitude of 40



(either north or south of the equator), it is only about
53.2 nmiles, and so on. However, accurate neasurenents of
di stance over nountainous territory or, worse yet, over
stretches -of open ocean, are quite difficult.

In early nodemtines, when European nations first
began to nmake | ong ocean voyages, this becane a horrible
problem Sea captains never knew certainly where they
were, and making port was a matter of praying as well as
sailing. 1In 1598 Spain, then still a major seagoing nation
of fered a reward for anyone who woul d devise a tinmepiece
that could be used on board ship, but the reward went
beggi ng.

In 1656 the I)rutch astrononer Christian Huygens in-
vented the pendul um cl ock-the first accurate tinepiece.

It could be used only on Iand, however. The pitching, roll-
ing, and yawi ng of a ship put the pendulumoff its feed at
once.

Great Britain was a major maritine nation after 1600
and in 1675 Charles 11 founded the observatory in G een-
wi ch (then a London suburb, now Part of G eater Lon-
don) for the express purpose of carrying through the
necessary astronom cal observations that woul d rmake the
accurate determ nati on of |ongitude possible.

But a good tinepiece was still needed, and in 1714 the
British Governnment offered a |large fortune (in those days)
of 20,000 pounds for anyone who coul d devise a good
cl ock that woul d work on shi pboard.

The probl em was tackled by John Harrison, a Yorkshire
mechani cs self-trained and gifted with mechani cal geni us.
Beginning in 1728 he built a series of five clocks, each
better than the one before. Each was so nounted that it
could take the sway of a ship w thout being affected. Each

43

was nore accurate at sea than other clocks of the tine
were on land. One of themwas off by less than a mnute
after five nonths at sea. Harrison's first clocks were per-
haps too |l arge and heavy to be conpletely practical, but
the fifth was no bigger than a | arge watch

The British Parliament put on an extraordi nary display
of neanness in this connection, for it wore Harrison out
inits continual delays in paying himthe noney he had
earned and in demandi ng nore and ever mnore nodel s and
tests. (Possibly this was because Harrison was a provincial
mechani ¢ and not a gentleman scientist of the Royal So-
ciety.) However, King George Ill hinmself took a persona
interest in the case and backed Harrison, who finally re-
ceived his nmoney in 1765, by which tine he was over 70
years ol d.

It is only -in the last tw hundred years, then, that the
| ati tude-1ongitude gridwork on the earth becane really
accurate.

Even after precise |ongitude determ nati ons becane pos-
sible, a problemremained. There is no natural reference
base for longitude; nothing like the equator in the case of
latitude. Different nations therefore used different systens,
usual Iy basing "zero | ongitude" on the meridian passing
through the local capital. The use of different systens was



confusing and the risk was run of rescue operations at sea
bei ng hampered, to say nothing of war maneuvers anong
allies being stynied.

To settle matters, the inportant maritine nations of
the world gathered in Washington, D.C. in 1884 and held
the "Washi ngton Meridi an Conference." The |ogical de-
cision was reached to let the Greenwi ch observatory serve
as base since Great Britain was at the very height of its
maritime power. The neridian passing through G eenw ch
is, therefore, the "prime meridian" and has a | ongitude of
00.

The degrees of longitude are then marked off to the
west and east as "west longitirde" and "east |ongitude."
The two neet again at the opposite side of the world from
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the prime nmeridian. There we have the 180" neridian
whi ch runs down the nmiddle of the Pacific Ccean.

Every degree of latitude (or longitude) is broken up
into 60 mnutes ('), every mnute into 60 seconds ("),
whil e the seconds can be broken up into tenths, hun-
dredtbs, and so on. Every point on the earth can be | ocated
uni quely by nmeans of l|atitude and |ongitude. For instance,
an agreed-upon reference point within New York Gty is
at 40" 45' 06" north latitude and 73" 59" 39" west |ongi-
tude; while Los Angeles is at 34" 03" 15" north | atitude
and 118" 14' 28" west |ongitude.

The North Pole and the South Pol e have no | ongitude,
for all the meridians converge there. The North Pole is
defined by latitude alone, for 90' north latitude represents
one single point-the North Pole. Simlarly, 90" south lati-
tude represents the single point of the South Pole.

It is possible to locate longitude in terns of tine rather
than in terms of degrees. The conplete day of 24 hours is

spread around the 360 of longitude. This nmeans that if
two places differ by 15 in longitude, they also differ by
1 hour in local tine. If it is exactly noon on the prine

meridian, it is 1 P.m at 15 east longitude and 1 1 A M
at 151 west | ongitude.

If we decide to call prime neridian 0:00: 00 we can
assign west |ongitude positive tinme readings and east |ongi-
tude negative tinme readings. Al points on 15 west |ongi-
tude becone +1:00: 00 and all points on 15" east |ongi-
tude becone - 1: 00: 00.

Since New York Gty is at 73" 59" 39" west |ongitude
it is 4 hours 55 minutes 59 seconds earlier than London
and can therefore be located at +4:55:59. Simlarly, Los
Angel es, still farther west, is at +8:04:48.

In short, every point on Earth, except for the poles, can
be located by a latitude and a tinme. The North and South
Pol es have latitude only and no local tines, since they
have no neridians. This does not nean, of course, that
there is no tine at the poles; only that the systemfor
nmeasuring |local tines, which works el sewhere on Earth,
breaks down at the poles. Qher systens can be used
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there; one pole m ght be assigned Greenwich tine, for
i nstance, while the other is assigned the time of the 180
meri di an.

In the ordinary mapping of the globe, both latitude and
| ongi tude are given in ordinary degrees. However, the
time systemfor longitude is used to establish local tine
zones over the face of the Earth, and the 180" nmeridian
becones the "International Date Line" (slightly bent for
geogr aphi cal convenience). AU sorts of interesting para-
doxes become possible, but that is for another article
anot her day.

And what about mapping the sky? This concerned
astrononers even before the problem of the mapping of
the Earth, really, for whereas only small portions of the
Earth are visible to any one man at any one tine, the
entire expanse of half a sphere is visible overhead

The "cel estial sphere" is nost easily mapped as an ex-
tension of the earthly sphere. |If the axis of the Earth is
i magi ned extended through space until it cuts the celestial
sphere, the intersection would cone at the "North Cel esti al
Pol e" and the "South Celestial Pole." ("Celestial," by the
way, is froma Latin word for "sky.")

The cel estial sphere seens to rotate east to west about
the Earth's axis as a reflection of the actual rotation of the
Earth west to east about that axis. Therefore, the North
Celestial Pole and the South Celestial Pole are fixed points
that do not partake in the celestial rotation, just as the
North Pol e and the South Pole do not partake in the
earthly rotation.

The near nei ghborhood of the North Celestial Pole is
marked by a bright star, Polaris, also called the "pole
star" and the "north star," which is only a degree or so
fromit and makes a small circle about it each day. The
circle is so small that the star seens fixed in position day
after day, year after year, and can be used as a,reference
point to determine north, and therefore all other directions.
Its inmportance to travel in the days before the conpass
was i ncal cul abl e.

The i magi nary reference lines on the Earth can all be
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transferred by projection to the sky, so that the sky, I|ike
the Earth, can be covered with a gridwork of ghost nes.
There would be the "celestial equator,” making up a great
circle equidistant fromthe celestial poles; and "cel esti al
l ati tude" and "cel estial |ongitude" also.

The celestial latitude is called "declination,” and is
measured in degrees. The northern half of the celestial
sphere ("north celestial latitude") has its declination given
as a positive value; the southern half ("south celestial
[ atitude") as a negative value. Thus, Polaris has a declina-
tion of roughly +89'; Pollux one of about +30'; Sirius
one of about -15'; and Acrux (the brightest star of the
Sout hern Cross) a declination of about -60".

The celestial longitude is called "right ascension" and
the sky has a prinme nmeridian of its own that is |ess
arbitrary than the one on Earth, one which could therefore
be set and agreed upon quite early in the gane.



| The plane of the Earth's orbit about the Sun cuts the
celestial sphere in a great circle called the "ecliptic" (see
Chapter 4). The Sun seems to nove exactly along the |ine
of the ecliptic, in other words.

Because the Earth's axis is tipped to the plane of Earth's
orbit by 23.5', the two great circles of the ecliptic and the
celestial equator are angled to one another by that sane
23. 50.

The ecliptic crosses the celestial equator at two points.
VWhen the Sun is at either point, the day and night are
equal in length (twelve hours each) all over the Earth.

Those points are therefore the "equi noxes," fromLatin
words rmeani ng "equal nights."

At one of these points the Sun is noving from negative
to positive declination, and that is the "vernal equi nox"
because it occurs on March 20 and marks the begi nni ng of
spring in the Northern Hem sphere, where nost of man-
kind lives. At the other point the Sun is noving from
positive to negative declination and that is the autumal
equi nox, falling on Septenber 23, the beginning of the
nor t hern autumn.

The point of the vernal equinox falls on a celestial
meri di an which is assigned a value of O right ascension
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The celestial longitude is then nmeasured eastward only
(either in degrees or in hours) all the way around, until it
returns to itself as 360" right ascension

By locating a star through declination and right ascension
one does precisely the same thing as locating a point on
Earth through I atitude and | ongitude.

An odd difference is this, though. The Earth's prine
meridian is fixed through tinme, so that a point on the
Earth's surface does not change its |ongitude from day
to day. However, the Earth's axis makes a slow revol ution
once in 25,800 years, and because of this the celestial
equator slowy shifts, and the points at which it crosses
the ecliptic nove slowy westward.

The vernal equi nox noves westward, then, circling the
sky every 25,800 years, so that each year the noment in
time of the vernal equinox comes just a trifle sooner than
it otherwi se woul d, The noment precedes the theoretica
time and the phenonenon is therefore called "the preces-
sion of the equi noxes."

As the vernal equinox noves westward, every point on
the celestial sphere has its right ascension (neasured from
that vernal equinox) increase. It noves up about 1/7 of
a second of arc each day, if ny calculations are correct.

This system of locating points in the sky is'ealled the
"Equatorial System' because it is based on the |ocation of -
the celestial equator and the celestial poles.

A second system may be established based on the
observer hinmself. Instead of a "North Celestial Pole"
based on a rotating Earth, we can establish a point
directly overhead, each person on Earth having his own
over head point-al though for people over a restricted
area, say that of New York City, the different overhead
points are practically identical



The overhead point is the "zenith," which is a nedieval
m sspelling of part of an Arabic phrase neaning "over-
head." The point directly opposite in that part of the
celestial sphere which lies under the Earth is the '"nadir,"
a nedi eval misspelling of an Arabic word meani ng "op-
posite."
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The great circle that runs around the cel estial sphere,
equi di stant fromthe zenith and nadir, is the "horizon,"
froma Geek word neaning "boundary," because to us
it seems the boundary between sky and Earth (if the Earth
were perfectly level, as it is at sea). This systemof |ocating
points in the sky is therefore called the "Horizon System"

The north-south great circle traveling from horizon to
hori zon through the zenith is the meridian. The cast-west
great circle traveling fromhorizon to horizon through the
zenith, and nmaking a right angle with the meridian, is the
14 prime vertical ."

A point in the sky can then be said to be so | many
degrees (positive) above the horizon or so many degrees
(negative) below the horizon, this being the "altitude."
Once that is determ ned, the exact point in the sky can be
| ocated by neasuring on that altitude the nunber of
degrees westward fromthe southern half of the neridian
At | east astronomers do that. Navigators and surveyors
nmeasure the nunmber of -degrees eastward fromthe north
end of the nmeridian. (In both cases the direction of neas-
ure is clockw se.)

The nunber of degrees west of the southern edge of the
nmeridian (or east of the northern edce, depending on
the systemused) is the azinuth. The word is a |ess corrupt
formof the Arabic expression fromwhich "zenith" al so
cones.

If you set north as having an azimuth of O, then east
has an azimuth of 90', south an azimuth of 180', and
west an azinmuth of 270'. |Instead of boxing the conpass
wi th outl andi sh names you can plot direction by degrees.

And as for nyseff?

Why, | have an azimuth of isaac. Naturally.
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4. THE HEAVENLY ZOO

On July 20, 1963 there was a total eclipse of the Sun
visible in parts of Miine, but not quite visible in its total
aspect fromny house. In order to see the total eclipse
woul d have had to drive two hundred mles, take a chance

on clouds, then drive back two hundred mles, braving the



traffic congestion produced by thousands of other New
Engl anders with the sane notion.

| decided not to (as it happened, clouds interfered with
seeing, so it was just as well) and caught fugitive glinpses
of an eclipse that was only 95 per cent total, fromny
backyard. However, the difference between a 95 per cent
eclipse and a 100 per cent eclipse is the difference between
a notion of water and an ocean of water, so | did not fee
very overwhel med by what | saw

V-/bat nmakes a total eclipse so remarkable is the sheer
astronom cal accident that the Mon fits so snugly over
the Sun. The Mboon is just |large enougb. to cover the Sun
conpletely (at times) so that a tenporary night falls and
the stars spring out. And it is just small enough so that
during the Sun's obscuration, the corona, especially the
brighter parts near the body of the Sun, is conpletely
vi si bl e.

The apparent size of the Sun and Mbon depends upon
both their actual size and their distance fromus. The
di aneter of the Moon is 2160 nmiles while that of, the
Sun is 864,000 niles. The ratio of the dianmeter of the
Sun to that of the Mon is 864, 000/2160 or 400. In other
words, if both were at the sane distance fromus, the
Sun woul d appear to be 400 tines as broad as the Mon

However , the Sun is farther away fromus than the
Moon is, and therefore appears snaller for its size than
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the Moon does. At great distances, such as -those which
characterize the Moon and the Sun, doubling the distance
hal ves the apparent dianmeter. Renmenbering that, consider
that the average di stance of the Moon fromus is 238, 000
mles while that of the Sun is 93,000,000 mles. The ratio
of the distance of the Sun to that of the Mon is 93, 000, -
000/ 238, 000 or 390. The Sun's apparent dianmeter is cut
down in proportion.

In other words, the two effects just about cancel. The
Sun's greater distance nakes up for its greater size and the
result is that the Moon and the Sun appear to be equal -
in size. The apparent angul ar dianeter of the Sun averages
32 minutes of arc, while that of the Moon averages 31
m nutes of arc.*

These are average val ues because both Mon and Eart h
possess elliptical orbits. The Mon is closer to the Earth
(and therefore appears larger) at sonme times than at
others, while the Earth is closer to the Sun (which therefore
appears larger) at sone tines than at others. This variation
in apparent diameter is only 3 per cent for the Sun and
about 5 per cent for the Mon, so that it goes unnoticed
by the casual observer.

There is no astronom cal reason why Mon and Sun

should fit so well. It is the sheerest of coincidence, and
only the Earth anong all the planets is blessed in this
fashion. |Indeed, if it is true, as astrononers suspect, that

the Moon's distance fromthe Earth is gradually increasing

as a result of tidal friction, then this excellent fit even here
on Earth is only true of our own geologic era. The Mon

was too large for an ideal total eclipse in the far past and
will be too small for any total eclipse at all in the far



future.
O course, there is a price to pay for this excellent fit.

The fact that the Moon and Sun are roughly equal in ap-

parent di aneter means that the conical shadow of the

Moon comes to a vani shing point near the Earth's surface.

If the two bodies were exactly equal in apparent size the

shadow woul d cone to a pointed end exactly at the

One degree equals 60 minutes, so that both Sun and Mon
are about half a degree in dianeter
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Earth's surface, and the eclipse would be total for only
an instant of tine. 1In other words, as the Mon covered
the last sliver of Sun (and kept on noving, of course)
the first sliver of Sun would begin to appear on the other
si de.

Under the nost favorable conditions, when the Mon
is as close as possible (and therefore as apparently |arge
as possible) while the Sun is as far as possible (and there-
fore as apparently small as possible), the Mon's shadow
cones to a point well belowthe Earth's surface and we
pass through a measurabl e thickness of that shadow. In
ot her words, after the unusually |arge Mon covers the
| ast sliver of the unusually small Sun, it continues to nove
for a short interval of time before it ceases to overlap the
Sun and allows the first sliver of it to appear at the other
side. An eclipse, under the nost favorable conditions, can
be 71/2 mnutes | ong.

On the other hand, if the Moon is smaller than average
i n appearance, and the Sun larger, the Mon's shadow

will fall short of the Earth's surface altogether. The snall
Moon will not conpletely cover the larger Sun, even when
both are centered in the sky. Instead, a thin ring of Sun

wilt appear all around the Mbon. This is an "annul ar
eclipse" (froma Latin word for "ring"). Since the Mon's
apparent dianeter averages sonewhat |ess than the Sun's,
annul ar eclipses are a bit nmore likely than total eclipses.

This situation scarcely allows astronomers (and ordi nary
beauty-loving nortals, too) to get a good | ook, since not
only does a total eclipse of the Sun last for only a few
,mMnutes, but it can be seen only over that small portion of
the Earth's surface which is intersected by the narrow
shadow of the Moon.

To make matters worse, we don't even get as many
eclipses as we mght. An eclipse of the Sun occurs whenever
t he Moon gets between ourselves and the Sun. But that
happens at every new, Mbon; in fact the Mon is "new'
because it is between us and the Sun so that it is the op-
posite side (the one we don't see) that is sunlit, and we
only get, at best, the sight of a very thin crescent sliver of
light at one edge of the Moon. Well, since there are twelve
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new Moons each year (sonetines thirteen) we ought to
see twelve eclipses of the Sun each year, and sonetines
thirteen. No?

No! At nost we see five eclipses of the Sun each year



(all at wi dely separated portions of the Earth's surface,
of course) and sonetines as few as two. \What happens the
rest of the time? Let's see.

The Earth's orbit about the Sun is all in one plane.

That is, you can draw an absolutely flat sheet through the
entire orbit. The Sun itself will be located in this plane as
well. (This is no coincidence. The |law of gravity nakes it
necessary.)

If we imagine this plane of the Earth's orbit carried out
infinitely to the stars, we, standing on the Earth's surface,
will see that plane cutting the celestial sphere into two
equal halves. The line of intersection will forma "great
circle" about the sky, and this Iline is called the "ecliptic."

O course, it is an imaginary line and not visible to the
eye. Nevertheless, it can be located if we use the Sun as
a marker. Since the plane of the Earth's orbit passes
through the Sun, we are sighting al ong the, pl ane when we
| ook at the Sun. The Sun's position in the sky always falls
upon the line of the ecliptic. Therefore, in order to mark
out the ecliptic against the starry background, we need
only foll ow the apparent path of the Sun through the
sky. (I amreferring now not to the daily path from east
to west, which is the reflection of Earth's rotation, but
rather the path of the Sun fromwest to east against the
starry background, which is the reflection of the Earth's
revol uti on about the Sun.)

O course, when the Sun is in the sky the stars are not
vi si bl e, being bl anked out by the scattered sunlight that
turns the sky blue. How then can the position of the Sun
anong the stars be made out?

Well, since the Sun travels anong the stars, the half
of the sky which is invisible by day and the half which is
visible by night shifts a bit fromday to day and from ni ght
to night. By watching the night skies throughout the year
the stars can be mapped throughout the entire circuit of the
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ecliptic. It then becones possible to calculate the position
of the Sun against the stars on each particul ar day, since
there is always just one position that will account for the

exact appearance of tile night sky on any particular night.

If you prepare a celestial sphere-that is, a globe with
the stars marked out upon it-you can draw an accurate
great circle upon it representing the Sun's path. The tine
it takes the Sun to nmake one conplete trip about the
ecliptic (in appearance) is about 3651/4 days, and it is
this which defines the "year."

The Moon travels about the Earth in an ellipse and there
is a plane that can be drawn to include its entire orbit,
this plane passing through the Earth itself. Wen we |ook
at the Moon we are sighting along this plane, and the
Moon marks out the intersection of the plane with the
starry background. The stars may be seen even when the
Moon is in the sky, so that marking out the Mon's path
(also a great circle) is far easier than marking out the
Sun's. The tine it takes the Moon to nake one conplete
trip about its path, about 271/3 days, defines the "siderea
mont h* (see Chapter 6).



Now i f the plane of the Mbon's orbit about the Earth
coincided with the plane of the Earth's orbit about the
Sun, both Mon and Sun would mark out the same circu-
lar line against the stars. Imagine themstarting fromthe
same position in the sky. The Moon woul d nmake a
conplete circuit of the ecliptic in 28 days, then spend an
addi tional day and a half catching up to the Sun, which
had al so been nmoving (though much nore slowy) in the
interval. Every 29'h days there would be a new Mon
and an eclipse of the Sun.

Furt hernmore, once every 291/2 days, there, would be a
full Mon, when the Moon was precisely on the side op-
posite to that of the Sun so that we would see its entire
vi si bl e hem sphere lit by the Sun. But at that time the
Moon shoul d pass into the Eartb's shadow and there
woul d be a total eclipse of the Mon

AR thi s does not happen-every 291/ 2 days because the
pl ane of the Moon's orbit about the Earth does not coincide
with the plane of the Earth's orbit about the Sun. The two
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pl anes make an angle of 58 (or 308 mnutes of arc)
The two great circles, if marked out on a celestial sphere
woul d be set off fromeach other at a slight slant. They
woul d cross at two points, dianetrically opposed and
woul d be separated by a maxi mum anount exactly half-
way between the crossing point. (The crossin2 points are
call ed "nodes," a Latin word neaning "knots.,,)

If you have trouble visualizing this, the best thing is to
get a basketball and two rubber bands and try a few ex-

periments. |If you forma great circle of each rubber band
(one that divides the globe into tw equal hal ves) and
make them non-coincident, you will see that they cross

each other.in the manner | have descri bed.

At the points of maxi mum separation of the Mpon's
path fromthe ecliptic, the angul ar di stance between them
is 308 minutes of are. This is a distance equal to roughly
ten tinmes the apparent dianeter of either the Sun or the
Moon. This nmeans that if the Moon happens to overtake
the Sun at a point of nmaximum separation, there will be
enough space between themto fit in nine circles in a row,
each the apparent size of Mon or Sun

I n nost cases, then, the Mon, in overtaking the Sun
wi Il pass above it or belowit with plenty of roomto spare,
and there will be no eclipse.

O course, if the Moon happens to overtake the Sun
at a point near one of the two nodes, then the Mon does
get into the way of the Sun and an eclipse takes place.
Thi s happens only, as | said, fromtw to five tines a year
If the notions of the Sun and Mbon are adequately
anal yzed mathematically, then it becones easy to predict

when such neetings will take place in the future, and when
they have taken place in the past, and exactly from what
parts of the Eaith's surface the eclipse will be visible.

Thus, Herodotus tells us that the Ionian phil osopher,
Thal es, predicted an eclipse that cane just in tine to stop
a battle between the Lydi ans and the Medians' (Wth such
a sign of divine displeasure, there was no use goi ng on
with the war.) The battle took place in Asia M nor sorme-



time after 600 B.c., and astrononi cal cal cul ati ons show
that a total eclipse of the Sun was visible fromAsia
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M nor on May 28, 585 B.c. This star-crossed battle, there-
fore, is the earliest event in history which can be dated
to the' exact day.

The ecliptic served early manki nd anot her purpose
besi des acting as a site for eclipses. It was an eterna
cal endar, inscribed in the sky.

The earliest calendars were based on the circuits of the
Moon, for as the Moon noves about the sky, it goes
t hrough very pronounced phase changes that even the nost
casual observer can't help but notice. The 291/2 days it
takes to go from new Moon to new Moon is the "synodic
mont h* (see Chapter 6).

The trouble with this systemis that in the countries
civilized enough to have a cal endar, there are inportant
peri odi ¢ phenonena (the fl ooding of the Nile, for in-
stance, or the com ng of seasonal rains, or seasonal cold)
that do not fit in well with the synodic nonth, There
weren't a whol e nunber of nonths fromNle flood to
Nile fl ood. The average interval was sonewhere between
twel ve and thirteen nonths.

In Egypt it cane to be noticed that the average intervals
bet ween the fl oods coincided with one conplete Sun-circuit
(the year). The result was that cal endars cane to consi st
of years subdivided into nonths. In Babylonia and, by
di nt of copying, anbng the Greeks and Jews, the nonths
were tied firnay to the Moon, so that the year was made
up sonetinmes "of 12 nonths and sonetinmes of 13 nonths
in a conplicated pattern that repeated itself every 19
years. This served to keep the years in line with the
seasons and the nonths in line with the phases of the
Moon. However, it neant that individual years were of
different | engths (see Chapter 1).

The Egyptians and, by dint of copying, the Romans and
our sel ves abandoned t he Mboon and nmade each year
equal in length, and each with 12 slightly | ong nonths'
The "cal endar nonth" averaged 301/2 days long in place
of the 291/2. days of the synodic nonth. This neant the
nmonths fell out of line with the phases of the Mon, but
manki nd survived that.

The progress of the Sun along the ecliptic marked off
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the cal endar, and since the year (one conplete circuit) was
divided into 12 nonths it seemed natural to divide the
ecliptic into 12 sections. The Sun would travel through one
section in one nonth, through the section to the east of
that the next nonth, through still another section the third
nmonth, and so on. After 12 nonths it would cone back

to the first section.

Each section of the ecliptic has its own pattern of stars,
and to identify one section fromanother it is the nost
natural thing in the world to use those patterns. |If one
section has four stars in a roughly square configuration it
m ght be called "the square"; another section night be the



"V-shape," another the "large triangle," and so on

Unfortunately, nost people don't have ny neat, geo-
metrical way of thinking and they tend to see conpl ex
figures rather than sinple, clean shapes. A group of stars
arranged in a V mght suggest the head and hons of a bull
for instance. The Babyl oni ans worked up such imagi native
patterns for each section of the ecliptic and the G eeks
borrowed these giving each a G eek nane. The Ronans
borrowed the iist next, giving them Latin names, and
passi ng themon to us.

The following is the list, with each nane in Latin and
in English: '"I) Aries, the Ram 2) Taurus' the Bull; 3)
Genmini, the Twins; 4) Cancer, the Crab; 5) Leo, the
Lion; 6) Virgo, the Virgin; 7) Libra, the Scal es; 8)
Scorpi o, the Scorpion; 9) Sagittarius, the Archer; 10)
Capriconus, the Goat; 11) Aquarius, the Water-Carrier;

12) Pi sces, the Fishes.

As you see, seven of the constellations represent ani-
mals. An eighth, Sagittarius, is usually drawn as a centaur
whi ch may be considered an aninal, | suppose. Then, if
we renmenber that human beings are part of the ani nal
ki ngdom the only strictly nonanimal constellation is Libra.
The Greeks consequently called this band of constellations
o zodi akos kyklos or "the circle of little animals," and
this has come down to us as the Zodi ac.

In fact, in the sky as a whol e, nodem astrononers
recogni ze 88 constellations. O these 30 (nbst of them
constel l ations of the southern skies' invented by nodens)
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represent inaniinate objects. O the remaining 58, nostly
ancient, 36 represent mammal s (including 14 human

beings), 9 represent birds,, 6 represent reptiles, 4 represent
fish, and 3 represent arthropods. Quite a heavenly zoo!

Qdd, though, considering that nost of the constellations
were invented by an agricultural society, that not one
represents a nenber of the plant kingdom O can,that be
used to argue that the early star-gazers were herdsnen and
not farmers?

The line of the ecliptic is set at an angle of 231/2 ' to the
celestial equator (see Chapter 3) since, as is usually
stated, the Earth's axis is tipped 23V2'.

At two points, then, the ecliptic crosses the celestial
equator and those two crossing points are the "equi noxes"
("equal nights"). Wen the Sun is at those crossing points,
it shines directly over the equator and days and nights are
equal (twelve hours each) the world over. Hence, the
nane.

One of the equinoxes is reached when the Sun, in its
path al ong the ecliptic, moves fromthe southern cel estial
hem sphere into the northern. It is rising higher in the
sky (to us in the Northern Hem sphere) and spring is
on its way. That, therefore, is the "vernal equinox," and it
is on March 20.

On that day (at least in ancient Greek tinmes) the Sun
entered the constellation of Aries. Since the vernal equi nox
is agood time to begin the year for any agricultural society,
it is customary to begin the list of the constellations of the



Zodiac, as | did, with Aries.

The Sun stays about one nonth 'm each constellation
so it isin Aries fromMarch 20 to April 19, in Taurus
fromApril 20 to May 20, and so on (at |east that was the
lineup in Geek tines).

As the Sun continues to nove along the ecliptic after
the vernal equinox, it nmoves farther and farther north
of the celestial equator, rising higher and higher in our
northern skies. Finally, halfway between the two equi noxes,
on June 21, it reaches the point of maxi num separation
between ecliptic and celestial equator. NMonentarily it
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"stands stiff" in its north-soufh rdotion, then "turns" and
begins (it appears to us) to travel south again. This is
the time of the "summer solstice," where "solstice" is
fromthe Latin meaning "sun stand-still."

At that time the position of the Sun is a full 231/2
north of the celestial equator and it is entering the con-
stellation of Cancer. Consequently the line of 231/2
north latitude on Earth, the line over which the Sun is
shi ning on June 20, is the "Tropic of Cancer." ("Tropic"
is froma Geek word neaning "to turn.")

On Septenmber 23, the Sun has reached the "autummal
equi nox" as it enters the constellation of Libra. It then
noves south of the celestial equator, reaching the point of
maxi mum sout herli ness on Decenber 21, when it enters
the constellation of Capricorn. This is the "winter solstice,"”
and the line of 231/2 ' south latitude on the Earth is (you
guessed it) the "Tropic of Capricorn.™

Here is a conplication! The Earth's axis "wobbles.”
If the line of the axis were extended to the cel estial sphere,
each pole would draw a slow circle, 47" in diameter, as it
noved. The position of the celestial equator depends on the
tilt of the axis and so the celestial equator noves bodily
agai nst the background of the stars fromeast to west in a
direction parallel to the ecliptic. The position of the equi-
noxes (the intersection of the nmoving cel estial equator
with the unnoving ecliptic) travels westward to neet the
Sun.

The equi nox conpletes a circuit about the ecliptic in
25,760 years, which nmeans that in 1 year the verna
equi nox moves 360/ 25,760 or 0.014 degrees. The, Sun
in making its west-to-east circuit, cones to the verna
equi nox which is 0.014 degrees west of its position at the
| ast crossing. The Sun nust travel that additional 0.014
degrees to nmake a truly conplete circuit with respect to
the stars. It takes 20 minutes of notion to cover that
addi ti onal 0.014 degrees. Because the equi nox precedes
itself and is reached 20 m nutes ahead of schedul e each
year, this notion of the Earth's axis is called "the pre-
cession of the equinoxes."
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Because of the precession of the equi noxes, the vernal
equi nox nmoves one full constellation of the Zodiac every
2150 years. In the time of the Pyram d builders, the Sun



entered Taurus at the time of the vernal equinox. In the
time of the Greeks, it entered Aries. In nodemtines, it
enters Pisces. In A D 4000 it will enter Aquarius.

The conplete circle nade by the Sun with respect to the
stars takes 365 days, 6 hours, 9 minutes, 10 seconds. This
is the "sidereal year." The conplete circle from equi nox
to equinox takes 20 minutes |ess; 365 days, 5 hours, 48
m nutes, 45 seconds. This is the "tropical year," because it
al so measures the tine required for the Sun to nove from
tropic to tropic and back again.

It is the tropical year and not the sidereal year that
governs our seasons, so it is the tropical year we nean
when we speak of the year

The scholars of -ancient times noted that the position of
the Sun in the Zodiac had a profound effect on the Earth.
Whenever it was in Leo, for instance, the Sun shone with
alion's strength and it was invariably hot; when it was in
Aquarius, the water-carrier usually tipped his umso that
there was rmuch snow. Furthernore, eclipses were clearly
nmeant to indicate catastrophe, since catastrophe always
foll owed eclipses. (Catastrophes also always followed | ack
of eclipses but no one paid attention to that.)

Natural ly, schol ars sought for other effects and found
themin the nmovenent of the five bright star-1ike objects,
Mercury, Venus, Mars, Jupiter, and Saturn. These, I|ike
the Sun and Moon, noved agai nst the starry background
and all were therefore called "planctes" ("wanderers")
by the G eeks. W call them"planets."

The five star-like planets circle the Sun as the Earth
does and the planes of their orbits are tipped only slightly
to that of the Earth. Thir% means they seemto nove in the
ecliptic, as the Sun and Mbon do, progressing through the
constel l ati ons of the Zodi ac.

Their notions, unlike those of the Sun and the Moon
are quite conplicated. Because of the notion of the Earth,
the tracks nade by the star-like planets form | oops now
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and then. This made it possible for the Greeks to have
five centuries of fun working out wong theories to ac-
count for those notions.
Still, though the theories mght be wong, they sufficed
to work out what the planetary positions were in the past
and what they would be in the future. Al one had to do
was to decide what particular influence was exerted by
a particular planet in a particular constellation of the
Zodi ac; note the positions of all the planets at the tine of
a person's birth; and everything was set. The decision as
to the particular influences presents no problem You nake
any deci sion you care to. The pseudo-science of astrol ogy
i nvents such influences without any visible difficulty. Every
astrol oger has his own set.
To astrol ogers, noreover, nothing has happened since
the tinme of the Geeks. The period from March 20 to
April 19 is still governed by the "sign of Aries," even
though the Sun is in Pisces at that time nowadays, thanks
to the precession of the equinoxes. For that reason it is now
necessary to distinguish between the "signs of the Zodiac"



and the "constellations of the Zodiac." The signs now
are what the constellations were two thousand years ago.
|"ve never heard that this bothered any astrol oger in the
wor | d.

AU this and nore occurred to nme some tinme ago when
| was invited to be on a well-known tel evision conversa-
tion show that was scheduled to deal with the subject of
astrology. | was to represent science agai nst the other
t hree nenbers of the panel, all of whom were professiona
astrol ogers.

For a monent | felt that | nust accept, for surely it
was my duty as a rationalist to strike a blow against folly
and superstition. Then other thoughts occurred to ne.

The three practitioners would undoubtedly be experts
at their own particular |ine of gobbledygook and coul d
easily speak a gallon of nonsense while | was struggling
with a half pint of reason.

Furt hernmore, astrologers are adept at that |ine of argu-
ment that all pseudo-scientists consider "evidence." The
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line woul d be sonething like this, "People born under
Leo are | eaders of nen, because the lion is the ki ng of
, beasts, and the proof is that Napol eon was born under
the sign of Leo."
Suppose, then, | were to say, "But one-twelfth of |iving

human bei ngs, amounting to 250, 000, 000 i ndi vi dual s, were
born in Taurus. Have you, or has anybody, ever tried to
det ermi ne whet her the proportion of |eaders anong them
is significantly greater than anong non-Leos? And how
woul d you test for |eadership, objectively, anyway'.?"

Even if | managed to say all this, | would nerely be
stared at as a lunatic and, very likely, as, a dangerous sub-
versive. And the general public, which, in this year of
1968, ardently believes in astrology and supports nore
astrologers in affluence (I strongly suspect) than existed in
all previous centuries conbined, would arrange |ynching
parties.

So as | wavered between the desire to fight for the right,
and the suspicion that the right would be massacred and
sunk without a trace, | decided to turn to astrol ogy for
hel p. Surely, a bit of astrologic analysis would tell ne what
was in store for ne in any such confrontation

Since | was born on January 2, that placed me under the,
sign of Capricornus-the goat.

That did it! Politel but very firmy, | refused to be

on the progran
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5. ROLL CALL

VWen all the world was young (and | was a teen-ager),

one way to give a science fiction story a good title was to
make use of the name of some heavenly body. Anong

my own first few science fiction stories, for instance, were
such itens as "Marooned off Vesta," "Christmas on

Ganynede," and "The Callistan Menace." (Real sw no,,inc,
titles, man!)

Thi s has gone out of fashion, alas, but the fact renains
that in the 1930's, a whole generation of science fiction
fans grew up with the nanes of the bodies of the Sol ar
Systemas famliar to themas the names of the Anerican
states. Ten to one they didn't know why the nanes were
what they were, or how they cane to be applied to the
bodi es of the Sol ar System or even, in some cases, bow
they were pronounced-but who cared? When a tentacled
nonster canme from Urbriel or |o, how rmuch nore im
pressive that was than if it had nmerely come from Pbil a-
del phi a.

But ignorance must be battled. Let us, therefore, take
up the matter of the names, call the roll of the Sol ar
Systemin the order (nore or less) in which the nanes
were applied, and see what sense can be made of them

"ne Earth itself should cone first, | suppose. Earth is
an old Teutonic word, but it is one of the glories of the
English | anguage that we always turn to the classic
tongues as well. The Greek word for Earth was Gaia
or, in Latin spelling, Gaea. This gives us "geography"
("earth-witing"), "geology" ("earth-discourse"), "geom
etry" ("earth-measure"), and so on

The Latin word is Terra. |In science fiction stories a
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human being from Earth may be an "Earthl;ng" or an
"Earthman," but he is frequently a "Terrestrial,"” while a
creature fromanother world is alnost invariably an "extra-
Terrestrial."

The Romans also referred to the Earth as Tellus Mater
("Mother Earth" is what it means). The genitive form of
tellus is telluris, so Earthnmen are occasionally referred
toin s.f. stories as "TeHurians." There is also a chem ca
element "tellurium" naned in honor of this version of the
nane of our planet.

But putting Earth to one side, the first two heavenly
bodi es to have been noticed were, undoubtedly and obvi -
ously, the Sun and the Mon, which, like Earth, are old
Teut oni ¢ wor ds.

To the Greeks the Sun was Helios, and to the Romans
it was Sol. For ourselves, Helios is al nobst gone, although
we have "heliunf as the nanme of an elenent originally
found in the Sun, "heliotrope" ("sun-turn") for the sun-
flower, and so on

Sol persists better. The comon adjective derived from
41

sun" may be "sunny,'

but the scholarly one is "solar."



We may speak of a sunny day and a sunny disposition, but
never of the "Sunny System" It is always the "Sol ar
System" In science fiction, the Sun is often spoken of as
Sol, and the Earth may even be referred to as "Sol 111]."

The Greek word for the Moon is Selene, and the Latin
word is Luna. The first lingers on in the nane of the
chem cal elenent "selenium" which was naned for the
Moon. And the study of the Mwon's surface features may
be call ed "sel enography.” The Latin nanme appears -mthe
conmon adj ective, however, so that one speaks of a
"lunar crescent"” or a "lunar eclipse." Al so, because of
the theory that exposure to the |i ht of the full Moon
drove nmen crazy ("noon-struck"), we obtained the word
"lunatic."

| have a theory that the notion of nam ng the heavenly
bodi es after nythol ogical characters did not originate with
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the Greeks, but that it was a deliberate piece of copy
catti shness.

To be sure, one speaks of Helios as the god of the Sun
and Gaea as the goddess of the Earth, but it seens obvi-
ous to ne that the words cane first, to express the physica
objects, and that these were personified into gods and
goddesses | ater on.

The later Geeks did, in fact, feel this lack of mytho-
| ogi cal character and tried to make Apollo the god of the
Sun and Artemis (Diana to the Romans) the goddess of
the Moon. This may have taken hold of the G eek
schol ars but not of the ordinary folk, for whom Sun and
Moon remai ned Helios and Sel ene. (Neverthel ess, the in-
fluence of this Geek attenpt on later scholars was such
that no other inpo rtant heavenly body was naned for
Apoll o and Artemi s.)

| would like to clinch this theory of mne, now, by
taki ng up anot her heavenly body.

After the Sun and Moon, the next bodies to be recog-
ni zed as inportant individual entities rmust surely have
been the five bright "stars" whose positions with respect
to the real stars were not fixed and which therefore, along
with the Sun and the Mbon, were called planets (see
Chapter 4).

The brightest of these "stars" is the one we call Venus,
and it nust have been the first one noticed-but not
necessarily as an individual. Venus sonetines appears in
the evening after sunset, and sonetines in the norning
bef ore sunrise, depending on which part of its orbit it
happens to occupy. It is therefore the "Evening Star" some-
times and the "Morning Star" at other times. To the early
Greeks, these seenmed two separate objects and each was
gi ven a nane.

The Evening Star, which always appeared in the west
near the setting Sun, was named Hesperos ("evening" or
44 west"). The equival ent Latin name was Vesper. The
Morni ng Star was naned Phosphoros ("light-bringee'),
for when the Mdrning Star appeared the Sun and its |ight
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were not far behind. (The chem cal el enent "phosphorus”
-Latin spelling-was so nanmed because it glowed in the
dark as the result of slow conbination with oxygen.) The
Latin nane for the Morning Star was Lucifer. which al so
means "light-bringer."

Now notice that the G eeks nade no use of nythol ogy
here. Their words for the Evening Star and Morning Star
were | ogical, descriptive words. But then (during the sixth
century B.c.) the Greek schol ar, Pythagoras of Sanos,
arrived back in the Geek world after his travels in
Babyl onia. He brought with hima skullfull of Babyl onian
noti ons.

At the time, Babyl onian astrononmy was well devel oped
and far in advance of the G eek bare beginnings. The
Babyl oni an interest in astronony was chiefly astrol ogica
in nature and so it seemed natural for themto equate the
powerful planets with the powerful gods. (Since both had
power over human bei ngs, why not?) The Babyl oni ans
knew that the Evening Star and the Morning Star were
a single planet-after all, they never appeared on the
same day; if one was present, the other was absent, and
it was clear fromtheir novenents that the Morning Star
passed the Sun and becane the Evening Star and vice
versa. Since the planet representing both was so bright
and beautiful, the Babylonians very logically felt it ap-
propriate to equate it with Ishtar, their goddess of beauty
and | ove.

Pyt hagor as brought back to Greece this Babyl oni an
know edge of the oneness of the Evening and Morning Star
and Hesperos and Phosphoros vani shed fromthe heavens.

I nst ead, the Babyl oni an system was copi ed and the pl anet
was naned for the Greek goddess of beauty and | ove,
Aphrodite. To the Romans this was their correspondi ng
goddess Yenus, and so it is to us.

Thus, the habit of nam ng heavenly bodies for gods
and goddesses was, it seens to ne, deliberately copied
fromthe Babyl oni ans (and their predecessors) by the
G eeks.

The nane "Venus,

by the way, represents a problem
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Adj ectives fromthese classical words have to be taken
fromthe genitive case and the genitive formof "Venus"
is Veneris. (Hence, "venerable" for anything worth the
respect paid by the Romans to the goddess; and because
the Romans respected old age, "venerable" came to be
applied to old nen rather than young wonen.)

So we cannot speak of "Venusian at nosphere" or
"Venutian at nosphere" as science fiction witers sone-
times do. W nust say "Venerian atnosphere." Un-
fortunately, this has unconfortable associations and it is
not used. We might turn back to the G eek nane but the
genitive formthere is .4phrodisiakos, and if we speak of
the "Aphrodi siac atnosphere” | think we will give a fal se
i mpressi on.

But somet hi ng must be done. W are actually exploring
the atnosphere of Venus with space probes and sone



adjective is needed. Fortunately, there is a way out. The
Venus cult was very promnent in early days in a small

i sl and south of Greece. It was called Kythera (Cythera

in Latin spelling) so that Aphrodite was referred to,
poetically, as the "Cytherean go' ddess." Qur poetic astron-
omers have therefore taken to speaki ng of the "Cytherean

at nosphere. ™"

The ot her four planets present no problem The second
brightest planet is truly the king planet. Venus may be
brighter but it is confined to the near nei ghborhood of the
Sun and is never seen at midnight. The second brightest,
however, can shine through all the hours of night and so
it should fittingly be named for the chief god. The Bab
| oni ans accordingly nanmed it "Marduk." The G eeks
followed suit and called it "Zeus," and the Romans naned
it Jupiter. The genitive formof Jupiter is fovis, so that
we speak of the "Jovian satellites.” A person bom under
the astrol ogical influence of Jupiter is "jovial."

Then there -is a reddi sh planet and red is obviously the
color of blood; that is, of war and conflict. The Baby-
| oni ans naned this planet "Nergal" after their god of war,
and the Geeks again followed suit by naming it "Ares”
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after theirs. Astronomers who study the surface features
of the planet are therefore studying "areography." The
Latins used their god of war, Mars, for the planet. The
genitive formis Martis, so we can speak of the "Martian
canal s."

The pl anet nearest the Sun, appears, |ike Venus, as both
an evening star and norning star. Being snaller and | ess
reflective than Venus, as well as closer to the Sun, it is
much harder to see. By the time the G eeks got around to
nam ng it, the nmythol ogical notion had taken hold. The
eveni ng star manifestati on was naned "Hermes," and the
morni ng star one "Apollo."

The latter name is obvious enough, since the later
Greeks associated Apollo with the Sun, and by the tine
the planet Apollo was in the sky the Sun was due very
shortly. Because the planet was closer to the Sun than
any ot her planet (though, of course, the Geeks did not
know this was the reason), it noved nore quickly agai nst
the stars than any object but the Moon. This nade it
resenbl e the wi ng-footed nmessenger of the gods, Hernes.
But giving the planet two nanmes was a matter of conserv-
atism Wth the Venus matter straightened out, Hernes/
Apol 1l o was quickly reduced to a single planet and Apollo
was dropped. The Romans naned it "Mercurius," which
was their equival ent of Hernes, and we call it Mercury.
The qui ck journey of Mercury across the stars is like the
lively behavior of droplets of quicksilver, which came to
be called "nmercury," too, and we know t he type of
personality that is described as "mercurial."

There is one planet left. This is the nost slowy noving
of all the planets known to the ancient G eeks (being the
farthest fromthe Sun) and so they gave it the nane of
an anci ent god, one who would be "pected to nove in
grave, and solemm steps. They called it "Cronos," the



father of Zeus and ruler of the universe before the suc-
cessful revolt of the A ynpians under Zeus's | eadership
The Romans gave it the nane of a god they considered the
equi val ent of Cronos and called it "Saturnus," which to
us is Saturn. People born under Saturn are supposed to
reflect its gravity and are "satunine."
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For two thousand years the Earth, Sun, Moon, Mercury,
Venus, Mars, Jupiter, and Saturn remai ned the only known
bodi es of the Solar System Then came 1610 and the
Italian astronomer Galileo Galilei, who built hinmself a
tel escope and turned it on the heavens. 1In no tinme at al
he found four subsidiary objects circling the planet Jupiter
(The German astronomer Johann Kepler pronptly naned
such subsidiary bodies "satellites,” froma Latin word for
t he hangers-on of sonme powerful man.)

There was a question as to what to nanme the new bodi es.
The nythol ogi cal names of the planets had hung on into
the Christian era, but | imagine there nmust have been sone
natural hesitation about using heathen gods for new bodies.
Galileo hinself felt it wise to honor Cosinmo Medici H
Grand Duke of Tuscany from whom he expected (and
| ater received) a position, and called them Sidera Met Ucea
(the Medicean stars). Fortunately this didn't stick. Nowa-
days we call the four satellites the "Galilean satellites" as
a group, but individually we use nythol ogi cal names after
all. A German astronomer, Sinon Marius, gave them
these nanes after having discovered the satellites one day
later than Galil eo.

The nanes are all in honor of Jupiter's (Zeus's) |oves,
of which there were many. Working outward from Jupiter
the first is lo (tw syllables please, eye' oh), a maiden
whom Zeus turned into a heifer to hide her fromhis wife's
jealousy. The second is Europa, whom Zeus in the form
of a bull abducted fromthe coast of Phoenicia in Asia and
carried to Crete (which is how Europe received its nane).
The third is Ganynede, a young Trojan lad (well, the
Greeks were |iberal about such things) whom Zeus ab-
ducted by assuming the guise of an eagle. And the fourth
is Callisto, a nynmph whom Zeus's w fe caught and turned
into a bear.

As it happens, nanming the third satellite for a male
rather than for a fermale turned out to be appropriate, for
Ganynede is the largest of the Galilean satellites and,

i ndeed, is the largest of any satellite in the Solar System
(I't is even larger than Mercury, the smallest planet.)
The naming of the Galilean satellites established once
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and for all the convention that bodies of the Solar System
were to be named nythol ogically, and except in highly
unusual instances this custom has been foll owed since.

In 1655 the Dutch astrononer Christian Huygens dis-
covered a satellite of Saturn (now known to be the sixth
fromthe planet). He naned it Titan. In a way this was
appropriate, for Saturn (Cronos) and his brothers and



sisters, who ruled the Universe before Zeus took over
were referred to collectively as "Titans." However, since
the nane refcrs to a group of beings and not to an indi-
vi dual being, its use is unfortunate. The name was ap-
propriate in a second fashion, too. "Titan" has cone to
mean "gi ant" because the Titans and their allies were
pi ctured by the Greeks as- being of superhunman size
(whence the word "titanic"), and it turned out that Titan
was one of the largest satellites in the Solar System

The Italian-French astrononer G an Domeni co Cassin
was a little nmore precise than Huygens had been. Between
1671 and 1684 he di scovered four nore satellites of Saturn
and these he naned after individual Titans and Titanesses.
The satellites now known to be 3rd, 4th, and 5th from
Saturn he naned Tethys, Dione, and Rhea, after three
sisters of Saturn. Rhea was Saturn's wife as well. The 8th
satellite from Saturn he named |apetus after one of
Satum's brothers. (lapetus is frequently m spronounced.
In English it is "eye-ap'ih-tus.") Here finally the G eek
nanes were used, chiefly because there were no Latin
equi val ents, except for Rhea. There the Latin equival ent
is Ops. Cassini tried to lunp the four satellites he had
di scovered under the nane of "Ludovici" after his patron
Loui s Xl V-Ludovi cus, in Latin-but that second at-
tenpt to honor royalty also fail ed.

And so within 75 years after the discovery of the tele-
scope, nine new bodi es of the Solar System were discovered,
four satellites of Jupiter and five of Saturn. Then some-
thing nore exciting turned up

On March 13, 1781, a German-English astrononer,

W1 liam Herschel, surveying the heavens, found what he
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thought was a conet. This, however, proved quickly to
be no conet at all, but a new planet with an orbit outside
that of Saturn.

There arose a serious problemas to what to nanme the
new pl anet, the first to be discovered in historic tines.
Herschel hinmself called it "Georgium Sidus" ("George's
star") after his patron, George IIl of England, but this
third attenpt to honor royalty failed. Many astrononers
felt it should be named for the discoverer and called it
"Herschel ." Mt hol ogy, however, won out.

The German astronomer Johann Bode cane up with a
truly classical suggestion. He felt the planets ought to make
a heavenly famly. The three innernost planets (exclud-
ing the Earth) were Mercury, Venus, and Mars, who were
siblings, and children of Jupiter, whose orbit |ay outside
theirs. Jupiter in turn was the son of Saturn, whose orbit
lay outside his. Since the new planet had an orbit outside
Satum s, why not name it for Uranus, god of the sky and
father of Saturn? The suggestion was accepted and Uranus*
it was. What's nore, in 1798 a German chem st, Martin
Hei nrich Kl aproth, discovered a new el ement he naned
inits honor as "uranium"

In 1787 Herschel went on to discover Uranus's two
| argest satellites (the 4th and 5th fromthe planet, we
now know). He named them from nyt hol ogy, but not



from G aeco- Ronan nyt hol ogy. Perhaps, as a naturalized
Engl i shman, he felt 200 per cent English (it's that way,
sometines) so he turned to English fol ktal es and naned
the satellites Titania and Cberon, after the queen and
king of the fairies (who make an appearance, notably, in
Shakespeare's A M dsunmer Night's Drean).

In 1789 be went on to discover two nore satellites of
Saturn (the two closest to the planet) and here too he
di srupted nythol ogical logic. The planet and the five
satellites then known were all named for various Titans
and Titanesses (plus the collective nanme, Titan). Hersche
naned his two M nmas and Encel adus (en-seYa-dus) after
* Uranus is pronounced "yooruh-nus." | spent alnost all ny
life accenting the second syllable and no one ever corrected nme. |
j ust happened to be reading Webster's Unabri dged one day .
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two of the giants who rose in rebellion agai nst Zeus |ong
after the defeat of the Titans.

After the discovery of Uranus, astrononers clinbed
hungrily upon the discover-a-pl anet bandwagon and
searched particularly in the unusually | arge gap between
Mars and Jupiter. The first to find a body there was the
Italian astronomer G useppe Piaz2i. Fromhis observatory
at Palernmo, Sicily he made his first sighting on January
1, 1801.

Al t hough a priest, he adhered to the mnythol ogi cal con-
venti on and naned the new body Ceres, after the tutelary
goddess of his native Sicily. She was a sister of Jupiter
and the goddess of grain (hence "cereal") and agriculture.
This was the second planet to receive a feninine nane
(Venus was the first, of course) and it set a fashion. Ceres
turned out to be a small body (485 miles in dianeter),
and many nmore were found in the -gap between Mars and
Jupiter. For a hundred years, all the bodies so discovered
were given fem ni ne nanes

Three "pl anet oi ds" were discovered in addition to Ceres
over the next six years. Two were naned Juno and Vesta
after Ceres' two sisters. They were also the sisters of
Jupiter, of course, and Juno was his wife as well. The
remai ni ng pl anetoi d was nanmed Pal | as, one of the alternate
nanes for Athena, daughter of Zeus (Jupiter) and there-
fore a niece of Ceres. (Two chenical elements discovered
in that decade were named "ceriunf' and "paradiunf' after
Ceres and Pall as.)

Later planetoids were naned after a variety of m nor
goddesses, such. as Hebe, the cupbearer of the gods,

Iris, their messenger, the various Mises, G aces, Horae,
nynphs, and so on. Eventually the [ist was pretty well
exhaust ed and pl anet oi ds began to receive trivial and
foolish nanes. We won't bother with those.

New excitement cane in 1846. The notions of Uranus
were slightly erratic, and fromthemthe Frenchman Urbain
J. J. Leverrier and the Englishman John Couch Adans
cal cul ated the position of a planet beyond Uranus, the grav-
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itational attraction of which would account for Uranus's
anomal ous notion. The planet was discovered in that
posi tion.

Once again there was difficulty in the naniing. Bode's
nyt hol ogi cal famly concept could not be carried on, for
Uranus was the first god to come out of chaos and had no
father. Sone suggested the planet be named for Leverrier
Wser council prevailed. The new planet, rather greenish in
its appearance, was named Neptune after the god of the
sea.

(Leverrier also calculated the possible existence of a
pl anet inside the orbit of Mercury and named it Vul can
after the god of fire and the forge, a natural reference to
the planet's closeness to the central fire of the Sol ar
System However, such a planet was never discovered and
undoubt edl y does not exist.)

As soon as Neptune was- discovered, the English astron-
omer Wl liam Lassell turned his tel escope upon it and dis-
covered a large satellite which he naned Triton, ap-
propriately enough, since Triton was a denigod of the sea
and a son of Neptune (Poseidon).

In 1851 Lassell discovered two nore satellites of
Uranus, closer to the planet than Herschel's Cberon and
Titania. Lassell, also English, decided to continue Her-
schel's English folklore bit. He turned to Al exander Pope's
The Rape of the Lock, wherein were two elfish characters,
Ariel and Unbriel, and these names were given to the
satellites.

More satellites were turning up. Saturn was already
known to have seven satellites, and in 1848 the Anerican
astrononer George P. Bond di scovered an eighth; in 1898
the American astronomer WIliamH. Pickering discovered
a ninth and conpleted the list. These were named Hy-
peri on and Phoebe after a Titan and Titaness. Pickering
al so thought he had discovered a tenth in 1905, and
naned it Thenmis, after another Titaness, but this proved
to be m staken.

In 1877 the American astrononer Asaph Hall, waiting
for an unusually cl ose approach of Mars, studied its sur-
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roundi ngs carefully and di scovered two tiny satellites,
whi ch he naned Phobos ("fear") and Deinos ("teffor"),
two sons of Mars (Ares) in Greek | egend, though obvi-
ously mere personifications of the inevitabl e consequences
of Mars's pastime of war.

In 1892 another American astronomer, Edward E
Barnard, discovered a fifth satellite of Jupiter, closer than
the Galilean satellites. For a long tine it received no
nane, being called "Jupiter V' (the fifth to be di scovered)
or "Barnard's satellite." Mythol ogically, however, it was
gi ven the nane Amalthea by the French astrononer
Canmille Flammarion, and this is comng into nore com
mon use. | amglad of this. Amalthea was the nurse of
Jupiter (Zeus) in his infancy, and it is pleasant to have
the nurse of his childhood closer to himthan the various



girl and boy friends of his maturer years.

In the twentieth dentury,no | ess than seven nore Jovi an
satellites were discovered, all far out, all quite small, al
probably captured planetoids, all naneless. Unofficial
nanes have been proposed. O these, the three planetoids
nearest Jupiter bear the names Hestia, Hera, and Deneter
after the Greek nanes of the three sisters of Jupiter (Zeus).
Hera, of course, is his wife as well. Undeithe Ronman
versi ons of the names (Vesta, Juno, and Ceres, respec-
tively) all three are planetoids. The two farthest are Posei -
don and Hades, the two brothers of Jupiter (Zeus). The
Roman versi on of Poseidon's nane (Neptune) is applied
to a planet. O the remaining satellites, one is Pan, a
grandson of Jupiter (Zeus), and the other is Adrastea,
anot her of the nurses of his infancy.

The nane of Jupitees (Zeus's) wife, Hera, is thus
applied to a satellite nuch farther and smaller than those
commenorating four of his extracurricular affairs. |'m not
sure that this is right, but | inmagi ne astrononers under -
stand these things better than | do.

In 1898 the CGerman astrononer G Wtt discovered an
unusual planetoid, one with an orbit that lay closer to the
Sun than did any other of the then-known planetoids. It
i nched past Mars and canme rather close to Earth's orbit.
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Not counting the Earth, this planetoid mght be viewed as
passi ng between Mars and Venus and therefore Wtt gave

it the name of Eros, the god of |ove, and the son of Mars
(Ares) and Venus (Aphrodite).

This started a new convention, that of giving planetoids
with odd orbits masculine names. For instance, the planet-
oids that circle in Jupiter's orbit all received the names of
mascul i ne participants in the Trojan war: Achilles, Hector
Patrocl us, Ajax, D omedes, Aganemmon, Prianus, Nestor
Qdysseus, Antil ochus, Aeneas, Anchises, and Troil us.

A particularly interesting case arose in 1948, when the
Ger man- Aneri can astrononmer \Walter Baade discovered a
pl anetoid that penetrated nore closely to the Sun than
even Mercury did. He named it Icarus, after the nythica
character who flew too close to the Sun, so that the wax
hol ding the feathers of his artificial wings nelted, with the
result that be fell to his death.

Two | ast satellites were discovered. |In 1948 a Dutch-
Ameri can astrononer, Cerard P. Kuiper, discovered an
i nnernost satellite of Uranus. Since Axiel (the next inner-
nost) is a character in WIIiam Shakespeare's The Tem
pest as well as in Pope's The Rape of the Lock, free asso-
ciation |l ed Kuiper to the heroine of The Tenpest and he
named the new satellite M randa.

In 1950 be discovered a second satellite of Neptune.

The first satellite, Triton, represents not only the nane of
a particul ar dem god, but of a whole class of nmerman-Iike
dem gods of the sea. Kuiper naned the second, then, after

a whol e class of mermaid-1ike nynphs of the sea, Nereid.

Meanwhi l e, during the first decades of the twentieth



century, the American astrononer Percival Lowell was
searching for a ninth planet beyond Neptune. He died in
1916 wi t hout havi ng succeeded but in 1930, from his ob-
servatory and in his spirit, Cyde W Tonmbaugh nade the
di scovery.

The new pl anet was named Pluto, after the god of the
Underworl d, as was appropriate since it was the pl anet
farthest renoved fromthe light of the Sun. (And in 1940,
when two el ements were found beyond uranium they were
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naned "neptunium' and "plutoniunt after Neptune and
Pluto, the two planets beyond Uranus.)

Notice, though, that the first two letters of "Pluto,' are
the initials of Percival Lowell. And so, ftOy, an astron-
omer got his nane attached to a planet. Were Hersche
and Leverrier had failed, Percival Lowell had succeeded,
at least by initial, and under cover of the nythol ogica
conventi ons.
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6. ROUND AND ROUND AND . ..

Any-one who wites a book on astronony for the genera
public eventually comes up agai nst the problemof trying
to explain that the Moon al ways presents one face to the
earth, but is nevertheless rotating.

To the average reader who has not cone up against this
pr obl em before and who is inpatient with invol ved
subtleties, this is a clear contradiction in terms. It is easy
to accept the fact that the Mon al ways presents one face
to the Earth because even to the naked eye, the shadowy
bl ot ches on the MooWs surface are always found in the
same position. But in that case it seens clear that the
Moon is not rotating, for if it were rotating we would, bit
by bit, see every portion of its surface.

Now it is no use smUng gently at the |lack of sophistica-
tion of the average reader, because he happens to be right.
The Moon is not rotating with respect to the observer on
the Earth's surface. When the astronomer says that the
Moon is rotating, he neans with respect to other observers
al t oget her.

For instance, if one watches the Moon over a period of
time, one can see that the line marking off the sunlight
fromthe shadow progresses steadily around the Mon; the
Sun shines on every portion of the Mon in steady pro-
gression. This nmeans that to an observer on the surface of
the Sun (and there are very few of those), the Mon
woul d seemto be rotating, for the observer would, little



by little' see every portion of the Moon's surface as it
turned to be exposed to the suiidight.
But our average reader may reason to hinmself as fol-

lows: "I see only one face of the Moon and | say it is

not rotating. An observer on the Sun sees all parts of the
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Moon and he says it is rotating. Cearly, | amnore im

portant than the Sun observer since, firstly, | exist and be

doesn't, and, secondly, even if he existed, | amnme and he

isn"t. Therefore, | insist on having it my way. The Mon

does not rotate!”
There has to be a way out of this confusion, so let's
think things through a little nore systematically. And to
do so, let's start with the rotation of the Earth itself, since
that is a point nearer to all our hearts.

One thing we can admit to begin with: To an observer

on the Earth,,the Earth is not rotating. |If you stay in one
pl ace fromnow till doonmsday, you will see but one portion
of the Earth's surface and no other. As far as you are
concerned, the planet is standing still. Indeed, through

nost of civilized human history, even the wi sest of nen
insisted that "reality" (whatever that may be) exactly

mat ched t he appearance and that the Earth "really" did

not rotate. As late as 1633, Glileo found hinself in a spot
of trouble for maintaining otherw se.

But suppose we had an observer on a star situated (for
simplicity's sake) in the plane of the EartW equator; or
to put it another way, on the celestial equator (see Chapter
3). Let us further suppose that the observer was equi pped
with a device that nade it possible for Mnto study the
Earth's surface in detail. To him it would seemthat the
Earth rotated, for little by little he would see every part
of its surface pass before his eyes. By taking note of sone
particular small feature (for example, you and | standing
on sonme point on the equator) and timng its return, he
could even determ ne the exact period of the Earth's
rotation-that is, as far as he is concerned.

We can duplicate his feat, for when the observer on the
star sees us exactly in the center of that part of Earth's
surface visible to hinmself, we in turn see. the observer's star
directly overhead. And just as he would time the periodic
return of ourselves to that centrally | ocated position, so
we could tine the return of his star to the overhead point.
The period determned wi U be the same in either case.

(Let's neasure this time in mnutes, by the way. A minute
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can be defined as 60 seconds, where | second is equal to
1/ 31, 556, 925. 9747 of the tropical year.)
The period of Earth's rotation with respect to the star

is just about 1436 minutes. It doesn't matter which star we
use, for the apparent motion of the stars with respect to
one another, ii viewed fromthe Earth, is so vanishingly

smal |l that the constellations can be considered as noving
all in one piece.
The period of 1436 minutes is called Earth's "siderea



day." The word "sidereal" comes froma Latin word for
"star," and the phrase therefore means, roughly speaking,
"the star-based day."

Suppose, though, that we were considering an observer
on the Sun. |If he were watching the Earth, he, too, would
observe it rotating, but the period of rotation would not
seemthe same to himas to the observer on the star. Qur
sol ar observer would be much closer to the Earth; close
enough, in fact, for Earth's notion about the Sun to intro-
duce a new factor. In the course of a single rotation of
the Earth (judging by the star's observer), the Earth
woul d have noved an appreci abl e distance through space,
and the sol ar observer would find hinmself view ng the
pl anet froma different angle. The Earth would have to
turn for four nore mnutes before it adjusted itself to the
new angl e of view

We could interpret these results fromthe point of view
of an observer on the Earth. To duplicate the neasure-
ments of the solar observer, we on Earth would have to
nmeasure the period of tine fromone passage of the Sun
overhead to the next (from noon to noon, in other words).
Because of the revolution of the Earth about the Sun, the
Sun seens to nove fromwest to east agai nst the back-
ground of the stars. After the passage of one sidereal day,
a particular star would have returned to the overhead posi-
tion, but the Sun would have drifted eastward to a point
where four nore mnutes would be required to nmake it
pass overhead. The solar day is therefore 1440 m nutes
long, 4 ' ates longer than the sidereal day.

Next, suppose we have an observer on the Moon. He is
even closer to the @ and the apparent notion of the
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Earth against the stars is sone thirteen tines greater for
hi mthan for an observer on the Sun. Therefore, the dis-
crepancy between what he sees and what the star observer
sees is about thirteen tines greater than is the Sun/star
di screpancy.

If we consi er this sane si tion fromt. ie Earth, we

woul d be nmeasuring the tine between successive passages
of the Mbon exactly overhead. The Moon drifts eastward

agai nst the starry background at thirteen times the rate the
Sun does. After one sidereal day is conpleted, we have to
wait a total of 54 additional minutes for the Mon to

pass overhead again. The Earth's "lunar day" is therefore
1490 m nutes | ong.

We could also figure out the periods of Earth's rotation
with respect to an ob ‘server on Venus, on Jupiter, on
Hal l ey's Conet, on an artificial satellite, and so on, but I
shall have mercy and refrain. W can instead summari ze
the little we do have as foll ows:

si dereal day 1436 m nut es
sol ar day 1440 m nutes
| unar day 1490 m nut es

By now it may seemreasonable to ask: But which is
the day? The real day?
The answer to that question is that the question is not a



reasonabl e one at all, but quite unreasonable; and that
there is no real day, no real period of rotation. There are
only different apparent periods, the | engths of which de-
pend upon the position of the observer. To use a prettier-
soundi ng phrase, the length of the period of the Earth's
rotation depends on the frame of reference, and all franes
of reference are equally valid.

But if all frames of reference are equally valid, are we
| eft nowhere?

Not at all! Franes of reference may be equally valid,
but they are usually not equally useful. In one respect, a
particul ar frame of reference may be nost useful; in an-
ot her respect, another frane of reference may be npst
useful. W are free to pick and choose, using now one,
now anot her, exactly as suits our dear little hearts.
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For instance, | said that the solar day is 1440 m nutes

long but actually thafs a He. Because the Earth's axis is
tipped to the plane of its orbit and because the Earth is
sometines closer to the Sun and sonetimes farther (so

that it noves now faster, now slower in its orbit), the solar
day is sonmetinmes a little |longer than 1440 mi nutes and

sometines a little shorter. |If you mark off "noons" that
are exactly 1440 mnutes apart all through the year, there
will be times during the year when the Sun will pass over-
head fully 16 m nutes ahead of schedul e, and other tinmes
when it will pass overhead fully 16 mi nutes behind

schedul e. Fortunately, the Fffors cancel out and by the end
of the year all is even agm.

For that reason it is not the solar day itself that is 1440
m nutes lon& but the average length of all the solar days
of the year; this average is the "nean solar day." And at
noon of all but four days a year, it is not the real Sun that
crosses the overhead point but a fictitious body called the
"mean Sun." The nean Sun is |ocated where the real Sun
woul d be if the real Sun noved perfectly evenly.

The lunar day is even nore uneven than the sol ar day,
but the sidereal day is a really steady affair. A particular
star passes overhead every 1436 minutes virtually on the
dot .

If we7re going to nmeasure tinme, then, it seens obvious
that the sidereal day is the nost useful, since it is the npst
constant. Wiere the sidereal day is used as the basis for
checking the clocks of the world by the passage of a star
across the hairline of a tel escope eyepiece, then the Earth
itself, as it rotates with respect to the stars, is serving as
the reference clocl The second can then be defined as
1/1436.09 of a sidereal day. (Actually, the length of the
year is even nore constant than that of the sidereal day,
which is why the second is now officially defined as a frac-
tion of the tropical year.)

The sol ar day, uneven as it is, carries one inportant
advantage. It is based on the position of the Sun, and the
position of the Sun determ nes whether a particul ar por-
tion of the Earth is in light or in shadow. In short, the
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solar day is equal to one period of |ight (daytinme) plus
one period of darkness (night). The average nman through-
out history has managed to renmai n unnmoved by the posi-

tion of the stars, and couldn't have cared | ess when one

of them noved overhead; but he certainly couldn't help

noti cing, and even being deeply concerned, by the fact that
it mght be day or night at a particular nmonent; surm se

or sunset; noon or twlight.

It is the solar day, therefore, which is by far the nost
useful and inportant day of all. It was the original basis
of time measurenent and it is divided into exactly 24
hours, each of which is divided into 60 m nutes (and 24
times 60 is 1440, the nunber of minutes in a solar day).

On this basis, the sidereal day is 23 hours 56 mnutes |ong
and the lunar day is 24 hours 50 m nutes |ong.

So useful is the solar day, in fact, that nmankind has
becone accustoned to thinking of it as the day, and of
thinking that the Earth "really" rotates in exactly 24 hours,
where actually this is only its apparent rotation with re-
spect to the Sun, no nore "real" or "unreal" than its ap-
parent rotation with respect to any other body. It is no
nore "real” or "unreal," in fact, than the apparent rota-
tion of the Earth with respect to an observer on the Earth
-that is, to the apparent |ack of rotation altogether

The lunar day has its uses, too. |If we adjusted our
wat ches to lose 2 mnutes 5 seconds every hour, it would
then be running on a lunar day basis. |In that case, we

would find that high tide (or low tide) came exactly twice
a day and at the same times every day-indeed, at twelve-
hour intervals (with mnor variations).

And extrenely useful is the frame of reference of the
Earth itself; to wit, the assunption that the Earth is not
rotating at all. In judging a billiard shot, in throwing a
baseball, in planning a trip cross-country, we never take
into account any rotation of the Earth. W always assune
the Earth is standing still.

Now we can pass on to the Moon. For the viewer from
the Earth, as | said earlier, it does not rotate at all so
that its "terrestrial day" is of infinite length. Nevertheless,
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we can maintain that the Moon rotates if we shift our
frame of reference (-usually w thout warning or explana'-
tion so that the reader has trouble following). As a nmatter
of fact, we can shift our plane of reference to either the
Sun or the stars so that not only can the--Mon be con-
sidered to rotate but to do so in either of two periods.
Wth respect to the stars, the period of the Mon's rota-
tion is 27 days, 7 hours, 43 minutes, 11.5 seconds, or
27.3217 days (where the day referred to is the 24-hour
mean sol ar day). This is the Moon's sidereal day. It is
also the period (with respect to the stars) of its revol u-
tion about the Earth, so it is alnpbst invariably called the
"sidereal nonth."
In one sidereal nonth, the Mon noves about 1/1 .1 of
the length of its orbit about the Sun, and to an observer
on the Sun the change in angle of viewpoint is consider-



able. The Moon must rotate for over two nore days to
make up for it. The period of rotation of the Mon wth

respect to the Sun is the same as its perio ,d of revolution
about the Earth with respect to the Sun, and this nmay be
called the Mon's solar day or, better still, the solar

nmonth. (As a matter of fact, as |I shall shortly point out,
it is called neither.) The solar nmonth is 29 days, 12 hours,
44 mnutes, 2.8 seconds long, or 29.5306 days | ong.

O these two nonths, the solar nmonth is far nore usefu
to manki nd because the phases of the Mdon depend on

the relative positions of Mon and -Sun. It is therefore
29-5306 days, or one solar nmonth, from new Moon to
new Moon, or fromfull Mon to full Mon. In ancient

ti mes, when the phases of the Moon were used to mark
of f the seasons, the solar nonth becane the nost iinpor-
tant unit of tine.

| ndeed, great pains were taken to detect the exact day
on whi ch successive new Moons appeared in order that the
cal endar be accurately kept (see Chapter 1). It was the
pl ace of the priestly caste to take care of this, and the very
word "cal endar,"” for instance, conmes fromthe Latin word
meaning "to proclaim" because the begi nning of each
nmont h was proclaimed with much cerenony. An assenbly
of priestly officials, such as those that, in ancient tines,
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m ght have procl ai mred the begi nning of each nmonth, is

called a "synod." Consequently, what | have been calling

the solar month (the logical nanme) is, actually, called the
synodi ¢ nont h. "

The farther a planet is fromthe Sun and the faster it
turns with respect to the stars, the smaller the discrepancy
between its sidereal day and solar day. For the planets
beyond Earth, the discrepancy can be ignored.

For the two planets closer to the Sun than the Earth the
di screpancy is very great. Both Mercury and Venus turn
one face eternally to the Sun and have no sol ar day. They
turn with respect to the stars, however, and have a siderea
day which @out to be as long as the period of their
revol uti on about the Sun (again with respect to the stars).

If the various true satellites of the Sol ar System (see
Chapter 7) keep one face to their primaries at all tines,
as is very likely true, their sidereal day woul d be equa
to their period of revolution about their primary.

If this is so | can prepare a table (not quite Iike any I
have ever seen) listing the sidereal period of rotation for
each of the 32 nmjor bodies of the Solar System the Sun,
the Earth, the eight other planets (even Pluto, which has
a rotation figure, albeit an uncertain one), the Mon, and
the 21 other true satellites. For the sake of direct corn-
parison I'll give the period in mnutes and list themin
the order of length. After each satellite | shall put the
nane of the primary in parentheses and give a nunber to
represent the position of that satellite, counting outward
fromthe primry.

Si dereal Day
Body (m nut es)



Venus 324, 000

Mer cury 129, 000
| apet us (Sat um 8) 104, 000
Moon (Earth-1) 39, 300
Sun 35, 060
Hyperion (Saturn-7) 30, 600
Callisto (Jupiter-5) 24,000
Titan (Sat um 6) 23, 000
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Cberon (Uranus-5) 19, 400
Titani a (Uranus-4) 12, 550
Ganynede (Jupiter-4) 10, 300
Pluto 8650
Triton (Neptune-1)
Rhea ( Sat urn-5) 6500
Unbriel (Uranus-3) 5950
Europa (Jupiter-3) 5100
D one (Satum4) 3950
Ariel (Uranus-2) 3630
Tet hys (Saturn-3) 2720
lo (Jupiter-2) 2550
M randa (Uranus-1) 2030
Encel adus ( Sat ur n-2) 1975
Dei nos (Mars-2) 1815
Mar s 1477
Earth 1436
M mas (Satum 1) 1350
Nept une 948
Amal t heia (Jupiter-1) 720
Ur anus 645
Sat urn 614
Jupi ter 590
Phobos 460
These figures-represent the time it takes for stars to

make a conplete circuit of the skies fromthe frame of

ref erence of an observer on the surface of the body in
guestion. |If you divide each figure by 720, you get the
nunber of minutes it would take a star (in the region of

the body's celestial equator) to travel the width of the Sun
or Moon as seen fromthe Earth.

On Earth itself, this takes about 2 nminutes and no nore,
believe it or not. On Phobos (Mars's inner satellite), it
takes only a little over half a mnute. The stars will be
whirling by at four tines their customary rate, while a
bl oated Mars hangs notionless in the sky. Wat a sight
that woul d be to see

On the Moon, on the other hand, it would take 55
mnutes for a star to cover the apparent width of the Sun
Heavenly bodi es coul d be studied over continuous sustai ned
intervals nearly thirty times as long as is possible on the
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Earth. | have never seen this nmentioned as an advant age
for a Moon-based tel escope, but, conmbined with the
absence of clouds or other atnospheric, interference, it
makes a | unar observatory somnething for which astron-



omers ought to be willing to undergo rocket trips.

On Venus, it would take 450 minutes or 7' h hours for
a star to travel the apparent width of the Sun as we see
it. What a fix astronomers could get on the heavens there
-if only there were no cl ouds.
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7. JUST MOONI NG AROUND

Al nost every book on astronomy | have ever seen, |arge

or small, contains a little table of the Solar System For
each planet, there's given its dianeter, its distance from
the sun, its time of rotation, its albedo, its density, the
nunber of its noons, and so on

Since | amnorbidly fascinated by numbers, | junp on
such tables with the perennial hope of finding newitens
of information. Cccasionally, | amrewarded wi th such

things as surface tenperature or orbital velocity, but I
never really get enough

So every once in a while' when the ingenuity-circuits in
nmy brain are purring along with reasonabl e snoot hness,
| deduce new types of data for myself out of the material
on band, and while away sone idle hours. (At least | did
this in the | ong-gone days when |I had idle hours.)

| can still do it, however, provided | put the results into
formal essay-form so conme join me and we will just noon
around together in this fashion, and see what turns up

Let's begin this way, for instance

According to Newton, every object in the universe
attracts every other object in the universe with a force
(i) that is proportional to the product of the nmasses (ni
and M2) of the two objects divided by the square of the
di stance (d) between them center to center. W multiply
by the gravitational constant (g) to convert the propor-
tionality to an equality, and we have-.

f = 9M M (Equation 1)
d2
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This means, for instance, that there is an attraction be-
tween the Earth and the Sun, and al so between the Earth
and the Mon, and between the Earth and each of the
various planets and, for that natter, between the Earth
and any neteorite or piece of cosmic dust in the heavens.

Fortunately, the Sun is so overwhel ni ngly massive corn-
"Pared with everything else in the Solar Systemthat in
calculating the orbit of the Earth, or of any other planet,



an excellent first approximation is attained if only the
pl anet and the Sun are considered, as though they were
alone in the Universe. The effect of other bodies can be
calcul ated later for relatively mnor refinenments.

In the sanme way, the orbit of a satellite can be worked
out first by supposing that it is alone in the Universe with
its primry.

It is at this point that sonething interests me. |If the Sun
is so much nore nassive than any planet, shouldw it
exert a considerable attraction on the satellite even though
it is at a much greater distance fromthat satellite than the
primary is? |If so, just how considerable is "considerable"?

To put it another way, suppose we picture a tug of war
goi ng on for each satellite, with its planet on one side of
the gravitational rope and the Sun on the other. |In this tug
of war, how well is the Sun doi ng?

| suppose astrononers have cal cul ated such things, but
| have never seen the results reported in any astronony
text, or the subject even discussed, so I'll de it for myself.

Here's how we can go about it. Let us call the mass of a
satellite m the nmass of its primary (by which, by the way,
I mean the planet it circles) m, and the mass of the
Sun m. The distance fromthe satellite to its primary will
be d, and the distance fromthe satellite to the Sun will be
d.. The gravitational force between the satellite and its
primary would be J, and that between the satellite and the
Sun woul d be fg-and that's the whol e business. | pronise
to use no other symbols in this chapter

From Equation 1, we can say that the force of attraction
between a satellite and its primry would be:
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fp = gmp (Equation 2)

while that between the sane satellite and the Sun woul d
be:

gnm
f,, = ds2 (Equation 3)

VWhat we are interested in is howthe gravitational force
between satellite and primary conmpares with that between
satellite and Sun. In other words we want the ratio
whi ch we can call the "tug-of-war value." To get that we
must divide equation 2 by equation 3. The result of such
a division would be:

fl,/f. = (M/M) (d./d,) 2 (Equation 4)

In maki ng the division, a nunber of sinplications have
taken place. For one thing the gravitational constant has
dropped out, which means we won't have to bother with
an inconveniently small nunber and sone inconveni ent
units. For another, the mass of the satellite has dropped
out. (In other words, in obtaining the tug-of-war val ue,
it doesn't matter how big or little a particular satellite is.
The result would be the sane in any case.)

VWhat we need for the tug-of-war val ue is the
ratio of the mass of the planet to that of the sun (mMm,)



and the square of the ratio of the distance fromsatellite
to Sun to the distance fromsatellite to primary (dld,)2.
There are only six planets that have satellites and these,
in order of decreasing distance fromthe Sun, -are: Nep-
tune, Uranus, Saturn, Jupiter, Mars, and Earth. (I place
Earth at the end, instead of at the beginning, as natura
chauvi nismwoul d dictate, for nmy own reasons. YouR find

out.)
For these, we will first calculate the mass-ratio and the
results turn out as foll ows:
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Nept une 0. 000052
Ur anus 0. 000044
Saturn 0. 00028
Jupi ter 0. 00095
Mar s 0. 00000033
Earth 0. 0000030

As you see, the mass ratio is really heavily in favor of
the Sun. Even Jupiter, which is by far the nost massive
pl anet, is not quite one-thousandth as massive as the Sun
In fact, all the planets together (plus satellites, planetoids,
conets, and neteoric matter) nmake up, no nore than
1/ 750 of the nmass of the Sun

So far, then, the tug of war is all on the side of the Sun

However, we nust next get the distance ratio, and that
favors the planet heavily, for each satellite is, of course,
far closer to its primary than it is to the Sun. And what's
nore, this favorable (for the planet) ratio must be squared,
making it even nore favorable, so that in the end we can

be reasonably sure that the Sun will |lose out in the tug of
war. But we'll check, anyway.
Let's take Neptune first. It has two satellites, Triton and

Nereid. The average di stance of each of these fromthe

Sun is, of necessity, precisely the same as the average dis-
tance of Neptune fromthe Sun, which is 2,797,000, 000

mles. The average distance of Triton from Neptune is,
however only 220,000 mles, while the average di stance

of Nerei @from Neptune is 3,460,000 mles.

If we divide the distance fromthe Sun by the distance
frbm Neptune for each satellite and square the result we
get 162,000,000 for Triton and 655,000 for Nereid. W
mul tiply each of these figures by the mass-ratio of Neptune
to the Sun, and that gives us the tug-of-war value, which
is:

Triton 8400
Nereid 34
The conditions differ mar kedl y for the two satellites.

The gravitational influence of Neptune on its nearer satel-
lite, Triton, is overwhelmngly greater than the influence
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of the Sun on the sane satellite. Triton is @ in Nep-
tune's grip. The outer satellite, Nereid, however, is at-



tracted by Neptune considerably, but not overwhel m ngly,

nore strongly than by the Sun. Furthernore, Nereid has

a highly eccentric orbit, the nost eccentric of any satellite
in the system It approaches to wthin 800,000 mles of

Nept une at one end of its orbit and recedes to as far as 6
mllion mles at the other end. When nost distant from

Nept une, Nereid experiences a tug-of-war value as |ow as

For a variety of reasons (the eccentricity of Nereid's
orbit, for one thing) astrononers generally suppose that
Nereid is not a true satellite of Neptune, but a planetoid
captured by Neptmon the occasion of a too-close ap, -

pr oach.
Nept une's weak hold on Nereid certainly seens to sup-
port this. |In fact, fromthe |Iong astronom c view, the asso-

ci ati on between Neptune and Nereid may be a tenporary

one. Perhaps the disturbing effect of the solar pull wll
eventual ly snatch it out of Neptune's grip. Triton, on the
other hand, will never |eave Neptune's conpany short of
some catastrophe on tL System w de scal e.

There's no point in going through all the details of the
calculations for all the satellites. 1'Il do the work on ny
own and feed you the results. Uranus, for instance, has
five known satellites, all revolving in the plane of Uranus's
equator and all considered true satellites by astrononers.
Readi ng outward fromthe planet, they are: M randa,

Ariel, UnbrieL Titania, and Oberon.
The tug-of -war values for these satellites are:

M r anda 24, 600
Ari el 9850
Unbri el 4750
Titani a 1750
ber on 1050

Al are safely and overwhelmng in Uranus's grip, and
the high of-war values fit Vith their status as true
satellites.
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We pass on, then, to Saturn, which has nine satellites:
M mas, Encel adus, Tethys, Dione, Rhea, Titan, Hyperion
, | apetus, and Phoebe. O these, the eight innernost revolve
in the plane of Satum s equator and are considered true
satellites. Phoebe, the ninth, has a highly inclined orbit and
is considered a captured pl anetoid.

The tug-of -war values for these satellites are:

Mmas 1 15, 500
Encel adus 9800
Tet hys 6400
Di one 4150
Rhea 2000
Titan 380
Hyperi on 260
| apet us 45

Phoebe 31/ 2



Not e the | ow val ue for Phoebe.

Jupiter has twelve satellites and 1'll take themin two
installments. The first five: Amaltheia, |o, Europa, Gany-
mede, and Callisto all revolve in the plane of Jupiter's
equator and all are considered true satellites. The tug-o0&
war val ues for these are:

Anmal t hei a 18, 200
lo 3260
Eur opa 1260
Ganynede 490
Callisto 160

and all are clearly in Jupiter's grip.

Jupi ter, however, has seven nore satellites which have
no official names (see Chapter 5), and which are com
nmonly known by Roman nunerals (fromVl to XIl) given

in the order of their discovery. |In order of distance from
Jupiter, they are VI 'X, VI, XiI, XI, VIIl, and I X Al
are small and with orbits that are eccentric and highly
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inclined to the plane of Jupitet's equator. Astrononers
consi der them captured planetoids. (Jupiter is far nore
massi ve than the other planets and is nearer the planetoid
belt, so it is not surprising that it would capture seven
pl anet oi ds.)

The tug-of -war results for these seven certainly bear
out the captured planetoid notion, for the values are:

VI 4.4
X 4.3
Vi i 4.2
Xi i 1.3
Xi 1.2
Vill 1.03
i X 1.03

Jupitees grip on these outer satellites is feeble indeed.
Mars has two satellites, Phobos and Dei nos, each tiny

and very close to Mars. They rotate in the plane of Mars's

equator, and are considered true satellites. The tug-of-war

val ues are:

Phobos 195
Dei nos 32

So far | have fisted 30 satellites, of which 21 are con-
sidered true satellites and 9 are usually tabbed as (prob-

ably) captured planetoids. | would like, for the nonment,
to | eave out of consideration the 31st satellite, which hap-
pens to be our own Mowon (I'Il get back to it, | prom se)

and summari ze the 30 as foll ows:

Nurmber of Satellites
Pl anet true capt ured
Nept une I I



Ur anus 5 0
Sat urn 8 1
Jupi ter 5 7
Mar s 2 0
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It is unlikely that any additional true satellites will be

di scovered (though, to be sure, Mranda was di scovered

as recently as 1948). However, any number of tiny bodies
com ng under the classification of captured planetoids may
yet tumup, particularly once we go out there and actually
| ook.

But now let's analyze this list in terns of tug-of-war
values. Anong the true satellites the | owest tug-of-war
value is that of Deimps, 32. On the other hand, anong
the nine satellites |isted as captured, the highest tug-of-war
value is that of Nereid with an average of 34.

Let us accept this state of affairs and assune that the
tug-of -war figure 30 is a reasonable mbimumfor a true
satellite and that any satellite with a lower figure is, in al
i kelihood, a captured and probably tenporary nenber of
the planet's fanily.

Knowi ng the mass of a planet and its distance fromthe
Sun, we can cal cul ate the distance fromthe planet's center
at which this tug-of-war value will be found. W can use
Equation 4 for the purpose, setting flf, equal to 30, put-
ting in the knowmn values for m, m, and d,, and then
solving for d,. That will be the nmaxi mum di stance at
whi ch we can expect to find a true satellite. The only
pl anet that can't be handled in this way is Pluto, for which
the value of m is very uncertain, but | omt Pluto cheer-
fully.

W can al so set a m ninum di stance at which we can
expect a true satellite; or, at least, a true satellite in the
usual form It has been calculated that if a true satellite is
closer to its primary than a certain distance, tidal forces
will break it up into fragments. Conversely, if fragnments
al ready exist at such a distance, they will not coal esce into
a single body. This Iimt of distance is called the "Roche
[imt" and is nanmed for the astronomer E. Roche, who
worked it out in 1849. The Roche limt is a distance from
a planetary center equal to 2.44 times the planet's radius.

So' sparing you the actual calculations, here are the
results for the four outer planets:
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Di stance of True Satellite
(mles fromthe center of the primary)

Pl anet maxi mum nm ni mum
(tug-of -war = 30) (Roche limt)
Nept une 3, 700, 000 38, 000
Ur anus 2, 200, 000 39, 000
Sat urn 2,700, 000 87, 000
Jupi ter 2,700, 000 106, 000
As you see, each of these outer planets, wth huge

masses and far distant fromthe conpeting Sun, has anple



room for large and conplicated satellite systenms within
these generous linmts, and the 21 true satellites all fal
within them

Sat urn does possess sonmething within Roche's limt-its
ring system The outernost edge of the ring system
stretches out to a distance of 85,000 nmiles fromthe
pl anet's center. (Qbviously the material in the rings could
have been collected into a true satellite if it had not been
SO near Saturn.

The ring systemis unique as far as visible planets are
concerned, but of course the only planets we can see are
those of our own Sol ar System Even of these, the only
ones we can reasonably consider in connection with satel -

lites (I'lIl explain why in a nonment) are the four |arge
ones.

O these, Saturn has a ring system and Jupiter just
barely m sses one. |Its innernpst satellite, Amaltheia, is

about 110,000 miles fromthe planet's center, with the
Roche linmt at 106,000 mles. A few thousand niles in-

ward and Jupiter would have rings. | would Iike to nake
the suggestion therefore that once we reach outward to

expl ore other stellar systems we will discover (probably to
our initial amazenent) that about half the |large planets

we find will be equipped with rings after the fashi on of
Sat ur n.

Next we can try to do the same thing for the inner
pl anets. Since the inner planets are, one and all, much |ess
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massi ve than the outer ones and nuch closer to the com
peting Sun, we mght guess that the range of distances
open to true satellite formation would be nore limted,
and we would be right. Here are the actual figures as
have cal cul ated them

D stance of True Satellite
(mles fromthe center of the primary)

Pl anet maxi mum ni ni mum
(tug-of-war = 30) (Roche limt)
Mar s 15, 000 5150
Earth 29, 000 9600
Venus 19, 000 9200
Mer cury 1300 3800
Thus, you see, where each of the outer planets has a
range of two million mles or nmore within which true satel -

l[ites could form the situation is far nore restricted for
the inner planets. Mars and Venus have a perm ssible

range of but 10,000 miles. Earth does a little better, with
20, 000 mi | es.

Mercury is the nost interesting case. The maxi mum di s-
tance at which it can expect to forma natural satellite
agai nst the overwhel mi ng conmpetition of the nearby Sun
is well within the Roche Ilinmt. It follows fromthat, if ny
reasommg is correct, that Mercury cannot have a true satel-
lite, and that anything nore than a possible spattering of
gravel is not to be expected.

In actual truth, no satellite has been | ocated for Mercury



but, as far as | know, nobody has endeavored to present
a reason for, this or treat it as anything other than an
enpirical fact. |If any Gentle Reader, with a greater know -
edge of astronom c detail than nyself, will wite to tell ne
that | have been anticipated in this, and by whom | WII
try to take the news philosophically. At the very |least, |
wi Il confine ny kicking and screaning to the privacy of
my study.

Venus, Earth, 'and Mars are better off than Mercury
and do have a little roomfor true satellites beyond the
Roche limt. It is not nmuch room however, and the
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chances of gathering enough material over so small a
vol ume of space to nake anything but a very tiny satellite
is mnute.

And, as it happens, neither Venus nor Earth has any
satellite at all (barring possible mnute chunks of gravel)
within the indicated limts, and Mars has two small satel -
.lites, one perhaps 12 mles across and the other 6, which
scarcely deserve the nane.

It is amazing, and very gratifying to ne, to note how al
this makes such delightful sense, and how well | can reason
out the details of the satellite systems of the various
pl anets. It is such a shane that one small thing remnains
unaccounted for; one trifling thing I have ignored so far
but -

VWHAT | N BLAZES IS OQUR OAN MOON DA NG
VAY OQUT THERE?

It's too far out to be a true satellite of the Earth, if we
go by ny beautiful chain of reasoning-which is too beau-
tiful for me to abandon. It's too big to have been cap-
tured by the Earth. The chances of such a capture having
been effected and the Mon then having taken up a nearly
circular orbit about the Earth are too small to make such
an eventuality credible.

There are theories, of course, to the effect that the
Moon was once much closer to the Earth (within nmy per-
mtted limts for a true satellite) and then gradually noved
away as a result of tidal action. Well, | have an objection
tothat. |If the Moon were a true satellite that originally
had circled Earth at a distance of, say, 20,000 mles, it
woul d al nost certainly be orbiting in the plane of Earth's
equator and it isn't.

But, then, if the Moon is neither a true satellite of the
Earth nor a captured one, what is it? This may surprise
you, but | have an answer; and to explain what that an-
swer is, let's get back to ny tug-of-war determninations.
There is, after all, one satellite for which | have not cal-
culated it, and that is our Moon. We'Ill do that now

The average di stance of the Moon fromthe Earth is
237,000 mles, and the average di stance of the Mon from
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the Sun is 93,000,000 miles. The ratio of the Mon-Sun
di stance to the Moon-Earth distance is 392. Squaring that
gi ves us 154,000. The ratio of the mass of the Earth to



that of the Sun was given earlier in the chapter and is
0. 0000030. Multiplying this figure by 154,000 gives us
t he tug-of -war val ue, which comes out to:

Mbon 0. 46

The Moon, in other words, is unique anmong the satel -
lites of the Solar Systemin that its primary (us) |oses the
tug of war with the Sun. The Sun attracts the Mon tw ce
as strongly as the Earth does.

We m ght | ook upon the Moon, then, as neither a true
satellite of the Earth nor a captured one, but as a pl anet
inits own right, noving about the Sun in careful step with
the Earth. To be sure, fromwthin the Earth-Mon sys-
tem the sinplest way of picturing the situation is to have
t he Moon revol ve about the Earth; but if you were to
draw a picture of the orbits of the Earth and Mbon about
the Sun exactly to scale, you would see that the Mpon's

orbit is everywhere concave toward the Sun. It is always
"falling" toward the Sun. Al the other satellites, w thout
exception, "fall" away fromthe Sun through part of their

orbits, caught as they are by the superior puR of their
pri.rnary-but not the Mon.

And consider this-the Mon does not revol ve about
the Earth in the plane of Earth's equator, as would be ex-
pected of a true satellite. Rather it revolves about the Earth
in a plane quite close to that of the ecliptic; that is, to
the plane in which the planets, generally, rotate about the
Sun. This is just what woul d be expected of a planet!

Is it possible then, that there is an intermedi ate point
between the situation of a massive planet far distant from
t he Sun, which, devel ops about a single core, with numer-
ous satellites forned, and that of a small planet near the
Sun whi ch devel ops about a single core with no satellites?
Can there be a boundary condition, so to speak, in which
there is condensati on about two mjor cores so that a
doubl e planet is fornmed?
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Maybe Earth just hit the edge of the perm ssible mass
and distance; a little too small, a little too close. Perhaps
if it were better situated the two hal ves of the double
pl anct woul d have been nore of a size. Perhaps both m ght
have bad at nbospheres and oceans and-life. Perhaps in
other stellar systems with a double planet, a greater equal -
ity is nmore usual

What a shane if we have m ssed that

O, maybe (who knows), what | uck
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8. FI RST AND REARMOST

VWhen | was in junior high school | used to anuse nyself
by swinging on the rings in gym (I was |lighter then, and
nore fool hardy.) On one occasion | grew weary of the
exercise, so at the end of one swing I let go.

It was nmy feeling at the tine, as | distinctly renenber,
that | would continue ny semcircular path and go swoop-
ing upward until gravity took hold; and that | would then
cone down |ight as gossamer, landing on ny toes after a
perfect entrechat.

That is not the way it happened. M path foll owed
nearly a straight line, tangent to the semcircle of sw ng
at the point at which | let go. | landed good and hard on
one side.

After ny head cleared, | stood up* and to this day that
is the hardest fall | have ever taken

| mght have drawn a great deal of intellectual good out
of this incident. | might have pondered on the effects of
inertia; puzzled out nethods of sum-ting vectors; or de-
duced sone facts about differential calculus.

However, | will be frank with you. Wat really im
pressed itself upon me was the fact that the force of gravity
was both mighty and dangerous and that if you weren't
wat chi ng every mnute, it would cl obber you

Presumably, | had | earned that, somewhat |ess dras-
tically, early in life; and presunably, every human bei ng
who ever got onto his hind | egs at the age of a year or |ess
and pronptly toppled, |earned the sane fact.

In fact, | have been told that infants have an instinctive

Peopl e react oddly. After | stood up, | conpletely ignored ny
badly sprained (and possibly broken, though it later turned out
not to be) right wist ind [ifted nmy untouched left wist to ny ear
VWhat worried me was whether my wistwatch were still running.
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fear of falling, and that this arose out of the survival val ue
of having such an instinctive fear during the tree-living
aeons of our siman ancestry.

We can say, then, that gravitational force is the first
force with which each individual human being comes in
contact. Nor can we ever nanage to forget its existencé,
since it nust be battled at every step, breath, and heart-
beat. Never for one nonent nust we cease exerting a
counterforce.

It is also conforting that this m ghty and overwhel ni ng
force protects us at all tines. 1t holds us to our planet and
doesn't allow us to shoot off into space. It holds our air
and water to the planet too, for our perpetual use. And it
holds the Earth itself in its orbit about the Sun, so
that we always get the light and warnth we need.

VWhat with all this, it generally cones as a rather sur-
prising shock to many people to learn that gravitation is
not the strongest force in the universe. Suppose, for in-
stance, we conpare it with the el ectromagnetic force that
allows a magnet to attract iron or a proton to attract an
el ectron. (The el ectromagnetic force al so exhibits repul -



sion, which gravitational force does not, but that is a detai
that need not distress us at this nonent.)
How can we go about conparing the relative strengths
of the el ectromagnetic force and the gravitational force?
Let's begin by considering two objects alone in the uni-
verse. The gravitational force between them as was dis-
covered by Newton, can be expressed by the foll ow ng
equation (see also Chapter 7):

G &
Fg = (Equation 1)
d2

where F, is the gravitational force between the objects; m
is the mass of one object; the mass of the other; d the

di stance between them and G a universal "gravitationa
constant. "

W nust be careful about our units of neasurenent. |If
we neasure nass in grans, distance in centineters, and
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G in sonewhat nore conplicated units, we will end up

by deternining the gravitational force in something called
"dynes." (Before I'mthrough this chapter, the dynes wll
cancel out, so we need not, for present purposes, consider
the dyne anything nore than a one-syllable noise. It wll
be expl ai ned, however, in Chapter 13.)

Now let's get to work. The value of Gis fixed (as far
,as we know) everywhere in the universe. |Its value in the
units | amusing is 6.67 x 10-8. If you prefer |ong zero-
riddl ed decinmals to exponential figures, you can express
G as 0. 0000000667.

Let's suppose, next, that we are considering two objects
of identical mass. This means that m= nm. so that mi
becomes nm or M2. Furthernore, let's suppose the parti -
cles to be exactly | centineter apart, center to center. In
that case d = 1, and d2 = 1 also. Therefore, Equation 1
simplifies to the foll ow ng:

F, = 0.0000000667 n (Equation 2)

We can now proceed to the el ectronagnetic force,
whi ch we can synbolize as F,

Exactly one hundred years after Newton worked out the
equation for gravitational forces, the French physicist
Charl es Augustin de Coul omb (1736-1806) was able'to
show that a very simlar equation could be used to deter-
m ne the el ectromagnetic force between two electrically
char ged obj ects.

- Let us suppose, then, that the two objects for which we
have been trying to calculate gravitational forces also carry
el ectric charges, so that they al so experience an el ectro-
magnetic force. |In order to nmake sure that the el ectromag-
netic force is an attracting one and is therefore directly
conparable to the gravitational force, |let us suppose that
one object carries a positive electric charge and the ot her

a negative one. (The principle would remain even if we

used like electric charges and neasured the force of clec-
tromagnetic repul sion, but why introduce distractions?)



According to Coul omb, the el ectronagnetic force be-
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tween the two objects woul d be expressed by the foflo
equati on:

F. (Equation 3)
d2
where q is the charge on one object, ¢
d is the distance between them
If we let distance be neasured in centinmeters and el ec-
tric charge in units called "electrostatic units" (usually

on the other, and

abbreviated "esu7'), it is not necessary to insert a term
anal ogous to the gravitational constant, provided the ob-
jects are separated by a vacuum And, of course, since
started by assuming the objects were alone in the universe,
there is necessarily a vacuunf between them
Furthernmore, if we use the units just nentioned, the
val ue of the electromagnetic force will come out in dynes.
But lefs sinplify matters by supposing that the positive
el ectric charge on one object is exactly equal to the nega-
tive electric charge on the other, so that q = q,* which
nmeans t hat the objects
. g = gq = g2. Again, we can allow
to be separated by just one centineter, center to center, so
that d2 = 1. Consequently, Equation 3 becones:

Fe = g2 (Equation 4)

Let's sunmarize. W have two objects separated by one
centinmeter, center to center, each object possessing identi-
cal charge (positive in one case and negative in the other)
and identical mass (no qualifications). There is both a
gravitational and an el ectromagnetic attraction, between
t hem

The next problemis to determ ne how nuch stronger
the el ectromagnetic force is than the gravitational force
(or how much weaker, if that is howit turns out). To do

* We could make one of them negative to allow for the fact
that one object carries a negative electric charge. Then we could
say that a negative value for- the electromagnetic force inplies an
attraction and a positive value a repulsion. However, for our pur-
poses, none of this folderol is needed. Since electromagnetic at-
traction and repul sion are but opposite manifestations of the sane
phenonenon, we shall ignore signs.
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this we nust determine the ratio of the forces by dividing
(let us say) Equation 4 by Equation 2. The result is:

F, g2 (Equation 5)
F, 0. 0000000667 M2



A decimal is an inconvenient thing to have in a denoni -
nator, but we can nove it up into the nunerator by taking
its reciprocal (that is, by dividing it into 1 ). Since 1 di-
vi ded by 0.0000000667 is equal to 1.5 x 101, or 15, 000, -

000, we can rewite Equation 5 as:

F, _ 15,000,000 g2 (Equation 6)
Fg n2
or, still nore sinmply, as:
F,. = 15,000, 000 (VM2 (Equat ; on 7)
F.

Since both F, and F, are neasured in dynes, then in
taking the ratio we find we are dividing dynes by dynes.
The units, therefore, cancel out, and we are left with a
"pure number." We are going to find, in other words, that
one force is stronger than the other by a fixed amount;

an anmount that wll be the sane whatever units we use or
what ever units an intelligent entity on the fifth planet of
the star Fonmml haut wants to use. W w |l have, therefore,

a uni versal constant.

In order to determine the ratio O the two es, we
see from Equation 7 that we nust first determ ne the
value of glm that is, the charge of an object divided by
its mass. Let's consider charge first.

AJl objects are made up of subatonmic particles of a

nunber of varieties. These particles fall into exactly three
cl asses, however, with respect to electric charge:
1) Cass A are those particles which, Iike the neutron
and the neutrino, have no charge at all. Their charge is O.
2) Cass B are those particles which, like the proton
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and the positron, carry a positive electric charge. But al
particles which carry a positive electric charge invariably
carry the sane quantity of positive electric charge what-
ever their differences in other respects (at least as far as
we know). Their charge can therefore be specified as +l

3) Cass C are those particles which, like the electron
and the anti-proton, carry a negative electric charge.
Again, this charge is always the sane in quantity. Their
charge is - 1.

You see, then, that an object of any size can have a
net electric charge of zero, provided it happens to be nade
up of neutral particles and/or equal numbers of positive
and negative particles.

For such an object ¢ = 0, and no matter how large its
mass, the value of glmis also zero. For such bodies,
Equation 7 tells us, FIF, is zero. The gravitational force
is never zero (as long as the objects have any mass at all)
and it is, therefore, under these conditions, infinitely
stronger than the el ectromagnetic force and need be the
only one consi dered.

This is just about the case for actual bodies. The over-
all net charge of the Earth and the Sun is virtually zero,



and in plotting the EartWs orbit it is only necessary to con-
sider the gravitational attraction between the two bodies.

Still, the case where F. = 0 and, therefore, FIF,, =0
is clearly only one extreme of the situation and not a par-
ticularly interesting one. \What about the other extrene?
Instead of an object with no charge, what about an obj ect
wi t h maxi num char ge?

If we are going to nake charge maximum let's first
elimnate neutral particles which add mass w t hout charge.
Let's suppose, instead, that we have a piece of matter com
posed exclusively of charged particles. Naturally it is of
no use to include charged particles of both varieties, since
then one " of charge would cancel the other and total
charge woul d be I ess than maxi num

We will want one object then, conposed exclusively of
positively charged particles- and anot her excl usively of
negatively charged particles. W can't possibly do better
than that as a general thing.
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And yet while all the charged particles have identica
charges of either + 1 or - 1, as the case may be, they pos-
sess different masses. Wat we want are charged particles
of, the smallest possible mass. |In that case the | argest pos-
si bl e individual charge is hung upon the small est possible
mass, and the ratio glmis at a nmaxi mum

It so happens that the negatively charged particle of
smal l est nass is the electron and the positively charged
particle of smallest mass is the positron. For those bodies,
the ratio gltn is greater than for any other known object
(nor have we any reason, as yet, for suspecting that any
obj ect of higher gimremains to be discovered).

Suppose, then, we start with two bodi es, one of which
contains a certain nunber of electrons and the other the
same nunber of positrons. There will be a certain el ectro-
magnetic force between them and al so a certain gravi-
tational force

If you triple the nunber of electrons in the first body
and triple the number of positrons in the other, the total
charge triples for each body and the total el ectromagnetic
force, therefore, becones 3 tines 3, or 9 tines greater.
However, the total mass also triples for each bod and the

y
total gravitational force also becones 3 tinmes 3, or 9 tines
greater. \Wile each force increases, they do so to an equa
extent, and the ratio of the two renmins the sane.

In fact the ratio of the two forces remains the sane,
even if the charge and/or nass on one body is not equa
to the charge and/or mass on the other; or if the charge
and/ or mass of one body is changed by an anount different
fromthe charge in the other

Since we are concerned only with the ratio of the two
forces, the el ectromagnetic and the gravitational, and
since this remains the sanme, however much the nunber of
el ectrons in one body and the number of positrons in the
ot her are changed, why bother with any but the sinplest
possi bl e nunber - one?

In other words, let's consider a Single electron and a



simple positron separated by exactly | centineter. This
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systemw || give us the maxi numvalue'for the ratio of
el ectromagnetic force to gravitational force

It so happens that the electron and the positron have
equal masses. That mass, in grans (which are the mass-
units we are using in this calculation) is 9.1 X 10-28 or
if you prefer, 0.00000000000000000000000000091

The electric charge of the electron is equal to that of the
positron (though different in sign). 1In electrostatic units
(the charge-units being used in this calculation), the value
is 4.8 x 10-111, or 0.00000000048.

To get the value qimfor the electron (or the positron)
we nust divide the charge by the mass. [|If we divide
4.8 x 10-10 by 9.1 X 10-28, we get the answer 5.3 x 1017
or 530, 000, 000, 000, 000, 000.

But, as Equation 7 tells us, we nust square the ratio
gm W multiply 5.3 x 1017 by itself and obtain for
(gqlm2 the value of 2.8 x 101,1, or 280, 000, 000, 000, 000, -
000, 000, 000, 000, 000, 000, 000.

Again, consulting Equation 7, we find we nust nultiply
this nunber by 15, 000,000, and then we finally have the
ratio we are looking for. Carrying through this multiplica-
tion gives us 4.2 x 1042, or 4,200, 000, 000, 000, 000, 000, -
000, 000, 000, 000, 000, 000, 000, 000.

W can cone to the conclusion, then, that the electro-
magnetic force is, under the nost favorable conditions,
over four million trillion trillion trillion tinmes as strong as
the gravitational force

To be sure, under normal conditions there are no el ec-
tron/positron systens in our surroundings, for positron_
virtually do not exist. Instead our universe (as far as we
know) is held together electromagnetically by electron/
proton attractions. The proton is 1836 tinmes as massive as
the electron, so that the gravitational attraction is increased
wi t hout a concomitant increase in electronmagnetic attrac-
tion. In this case the ratio F,IF, is only 2.3 x 10il"

There are two other major forces in the physical world.
There is the nuclear strong interaction force which is over
a hundred tinmes as strong as even the el ectromagnetic
force; and the nuclear weak interaction force, which is
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consi derably weaker than the el ectromagnetic force. Al
three, however, are far, far strcinger than the gravitationa
force.

In fact, the force of gravity-though it is the first force
with which we are acquainted, and though it is always
with us, and though it is the one with a strength we nost
thoroughly appreciate-is by far the weakest known force
in nature. It is first and rearnostl

VWhat makes the gravitational force seemso strong?

First, the two nuclear forces ;ire short-range forces
whi ch nmake thenselves felt only over distances about the
wi dth of an atom c nucleus. The el ectromagnetic force and
the gravitational force are the only two | ong-range forces.
O these, the electromagnetic force cancels itself out (wth



slight and tenporary | ocal exceptions) because both an
attraction and a repul sion exist.

This | eaves gravitational force alone in the field.

VWhat's nore, the nbst conspi cuous bodies in the uni-
verse happen to be congl onerations of vast mass, and we
live on the surface of one of these congl onerations.

Even so, there are hints that give away the real weak-
ness of gravitational force. Your weak nuscle can lift a
fifty-pound weight with the whole mass of the earth pull-
ing, gravitationally, in the other direction. A to magnet

Y
will lift a pin against the entire counterpufl of the earth.

Oh, gravity is weak all right. But let's see if we can
dramati ze that weakness further

Suppose that the Earth were an assenbl age of nothing
but its mass in positrons, while the Sun were an assem
bl age of nothing but its mass in electrons. The force of at-
traction between them would be vastly greater than the
feebl e gravitational force that holds themtogether now.

In fact, in order to reduce the electromagnetic attraction to
no nmore than the present gravitational one, the Earth and

Sun woul d have to be separated by sone 33, 000, 000, 000, -

000, 000 light-years, or about five mllion times the diame-
ter of the known universe.

O suppose you imagined in the place of the Sun a m|l -
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lion tons of electrons (equal to the mass of a very small
asteroid). And in the place of the Earth, imgine 31/3 tons
of positrons.

The el ectromagnetic attracti on between these two in-
significant nasses, separated by the distance fromthe
Earth to the Sun, would be equal to the gravitational at-
traction between the col ossal nasses of those two bodies
ri ght now.

In fact, if one could scatter a mllion tons of electrons
on the Sun, and 31/3 tons of positrons on the Earth, you
woul d double the Sun's attraction for the Earth and alter
the nature of Earth's orbit considerably. And if you made
it electrons, both on Sun and Earth, so as to introduce a
repul si on, you would cancel the gravitational attraction al-
together and send old Earth on its way out of the Sol ar
System

O course, all this is just paper calculation. The nere
fact that el ectromagnetic forces are as strong as they are
means that you cannot collect a significant nunber of Iike-
charged particles in one place. They would repel each other
too strongly.

Suppose you divided the Sun into marbl e-sized fragnents
and strewed them through the Sol ar System at nutual rest.
Coul d you, by some manmade device, keep those fragnents
fromfalling together under the pull of gravity? Well, this
is no greater a task than that of getting bold of a mllion
tons of electrons and squeezing themtogether into a ball.

The sane would hold true if you tried to separate a
sizable quantity of positive charge froma sizable quantity
of negative charge

I f the universe were conposed of el ectrons and posi-
trons as the chief charged particles, the el ectromagnetic



force woul d make it necessary for themto cone together
Since they are anti-particles, one being the precise reverse
of the other, they would nmelt together, cancel each ot her
and go up in one cosmic flare of gamma rays.

Fortunately, the universe is conposed of el ectrons and
protons as the chief charged particles. Tbough their charges
are exact opposites (-1 for the former and +1 for the
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latter), this is not so of other properties-such as mnass,
for instance. Electrons and protons are not antiparticles,
in other words, and cannot cancel each other

Their opposite charges, however, set up a strong nutua
attraction that cannot, within limts, be gainsaid. An elec-
tron and ia proton therefore approach closely and then
mai ntai n thensel ves at a wary di stance, fornming the hy-
drogen at om

I ndi vi dual protons can cling together despite el ectro-
magneti c repul sion because of the existence of a very
short-range nuclear strong interaction force that sets up
an attraction between nei ghboring protons that far over-
bal ances the el ectromagnetic repul sion. This nakes atons
ot her than hydrogen possi bl e.

In short: nuclear forces dominate the atom c nucl eus;
el ectromagnetic forces dominate the atomitself; and grav-
itational forces donminate the | arge astrononic bodies.

The weakness of the gravitational force is a source of
frustration to physicists.

The different forces, you see, nake thenselves felt by
transfers of particles. The nuclear strong interaction force,
the strongest of all, nakes itself evident by transfers of
pi ons (pi-nmesons), while the electromagnetic force (next
strongest) does it by the transfer of photons. An anal ogous
particle involved in weak interactions (third strongest) has

recently been reported. It is called the "Wparticle" and
as yet the report is a tentative one.
So far, so good. It seenms, then, that if gravitation is a

force in the same sense that the others are, it should nake
itself evident by transfers of particles.
Physi ci sts have given this particle a nane, the "graviton."
They have even decided on its properties, or |lack of prop-
erties. It is electrically neutral and w thout nass. (Because
it is without mass, it nmust travel at an unvarying velocity,
that of light.) It is stable, too; that is, left toitself, it WII
not break down to form other particles.
So far, it is rather like the neutrino,* which is also stable,

* See Chapter 13 of ny book View froma Hei ght, Doubl eday,
1963.
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electrically neutral, and nassless (hence traveling at the
velocity of light).

The graviton and the neutrino differ in sone respects,
however. The neutrino cones in two varieties, an electron
neutrino and a muon (nu-neson) neutrino, each with its
anti-particle; so there are, all told, four distinct kinds of



neutrinos. The graviton cones in but one variety and is
its own anti-particle. There is but one kind of graviton.

Then, too, the graviton has a spin of a type that is as-
signed the nunber 2, while the neutrino along with nost
ot her subatomic particles have spins of 1/2. (There are al so
some mesons with a spin of 0 and the photon with a spin
of 1. )

The graviton has not yet been detected. It is even nore
elusive than the neutrino. The neutrino, while nmassless
and chargel ess, neverthel ess has a measurabl e energy con-
tent. Its existence was first suspected, i ndeed, because it
carried off enough energy to nake a sizable gap in the
bookkeepi ng.

But gravitons?

Vel |, renmenber that factor of 10421

An individual graviton must be trillions of trillions of
trillions of times |less energetic than a neutrino. Considering
how difficult it was to detect the neutrino, the detection of
the graviton is a problemthat will really test the nuclear
physi ci st .

9. THE BLACK- OF NI GAT

| suppose many of you are famliar with the comc strip
"Peanuts." My daughter Robyn (now in the fourth grade)
is very fond of it, as | am mnyself.

She cane to ne one day, delighted with a particul ar
sequence in which one of the little characters in "Peanuts'
asks his bad-tenpered ol der sister, "Wy is the sky blue, ?"
and she snaps back, "Because it isn't green!"

When Robyn was all through | aughing, | thought | would
sei ze the occasion to maneuver the conversation in the
direction of a deep and subtle scientific discussion (entirely
for Robyn's own good, you understand). So | said, "Wn,
tell me, Robyn, why is the night sky bl ack?"

And she answered at once (| suppose | ought to have
foreseen it), "Because it isn't purplel™

Fortunately, nothing like this can ever seriously frustrate
me. |f Robyn won't cooperate, | can always turn, with a
snarl, on the Helpless Reader. | will discuss the bl ackness
of the night sky with you

Ile story of the black of night begins with a Gernan
physi ci an and astrononer, Heinrich WI hel m Matt hi as
O bers, bomin 1758. He practiced astronony as a hobby,
and in mdlife suffered a peculiar disappointnent. It cane
about in this fashion .

Toward the end of the eighteenth century, astrononers
began to suspect, quite strongly, that sonme sort of planet
must exi st between the orbits of Mars and Jupiter. A team
of German astronomers, of whom O bers was one of the
nost important, set thenmselves up with the intention of
di viding the ecliptic anong thensel ves and each searching
his own portion, meticulously, for the planet.

O bers and his friends were so systematic and thorough

112



that by rights they shoul d have discovered the planet and
received the credit of it. But life is funny (to coin a phrase).

VWile they were still arranging the details, G useppe Piazzi
an ltalian astrononer who wasn't |ooking for planets at
all, discovered, on the night of January 1, 1801, a point of

[ight which had shifted its position against the background
of stars. He followed it for a period of time and found it
was continuing to nove steadily. It noved |less rapidly than
Mars and nore rapidly than Jupiter, so it was very likely

a planet in an intermediate orbit. He reported it as such so
chat it was the casual Piazzi and not the thorough d bers

who got the nod in the history books.

O bers didn't |ose out altogether, however. It seens that
after a period of tine, Piazzi fell sick and was unable to
continue his observations. By the tine he got back to the
tel escope the planet was too close to the Sun to be observ-
abl e.

Piazzi didn't have enough observations to cal cul ate an
orbit and this was bad. It would take nonths for the
sl ownoving planet to get to the other side of the Sun and
i nto observabl e position, and without a calculated orbit it
m ght easily take years to rediscover it.

Fortunately, a young Gernan mat hemati ci an, Karl
Friedrich Gauss, was just blazing his way upward into the
mat hematical firmament. He had worked out sonet hing
called the "nethod of |east squares,” which made it possible
to calculate a reasonably good orbit fromno nore than
three good observations of a planetary position.

Gauss calculated the orbit of Piazzi's new planet, and
when it was in observable range once nore there was d bers
and his tel escope watching the place where Gauss's cal cul a-
tions said it would be. Gauss was right and, on January 1,
1802, A bers found it.

To be sure, the new planet (named "Ceres") was a
peculiar one, for it turned out to be Iess than 500 mles in
diameter. It was far smaller than any ot her known pl anet
and smaller than at least six of the satellites known at that
time.

Coul d Ceres be all that existed between Mars and
Jupiter? The German astrononers continued | ooking (it
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woul d be a shane to waste all that preparation) and sure
enough, three nore planets between Mars and Jupiter were
soon discovered. Two of them Pallas and Vesta, were dis-
covered by A bers. (In later years many nore were
di scovered.)

But, of course, the big payoff isn't for second place. Al
O bers got out of it was the nane of a planetoid. The thou-
sandt h pl anetoi d between Mars and Jupiter was naned
"Piazzia," the thousand and first "Caussia," and the thou-
sand and second (hold your breath, now) "Oberia."

Nor was O bers nuch luckier in his other observations.
He specialized in comets and discovered five of them but
practically anyone can do that. There is a conet called
"d bers' Comet" in consequence, but that is a minor dis-
tinction.

Shall we now di smss Abers? By no nmeans.

It is hard to tell just what will win you a place in the



annal s of science. Sonetines it is a piece of interesting
reverie that does it. |In 1826 O bers indulged hinself in an
i dl e specul ati on concerning the black of night and dredged
out of it an'apparently ridicul ous concl usion

Yet that specul ation becane "Q bers' paradox," which
has come to have profound significance a century after-
ward. |In fact, we can begin with O bers' paradox and end
with the conclusion that the only reason |life exists any-
where in the universe is that the distant gal axi es are reced-
ing from us.

What possible effect can the distant gal axi es have on us?
Be patient now and we'll work it out.

In ancient tines, if any astrononer had been asked why
the night sky was bl ack, he would have answered-quite
reasonably-that it was because the |ight of the Sun was
absent. |If one had then gone on to question himwhy the
stars did not take the place of the Sun, he would have
answer ed- agai n reasonably-that the stars were linited
in nunber and individually dim 1In fact, all the stars we
can see would, if lunped together, be only a half-birionth
as bright as the Sun. Their influence on the bl ackness of
the night sky is therefore insignificant.
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By the nineteenth century, however, this |ast argument
had lost its force. The nunber of stars was trenendous.
Large tel escopes reveal ed themby the countless mllions.

O course, one mght argue that those countless nillions
of stars were of no inportance for they were not visible to
the naked eye and therefore did not contribute to the |ight
in the night sky. This, too, is a useless argunment. The stars
of the MIky Way are, individually, too faint to be made
out, but en nmasse they nake a dimy |um nous belt about
the sky. The Androneda galaxy is rmuch farther away than
the stars of the MIlky Way and the individual stars that
make it up are not individually visible except (just barely)
in a very large tel escope. Yet, en masse, the Androneda
galaxy is faintly visible to the naked eye. (It'is, in fact, the
farthest object visible to the unaided eye; so if anyone ever
asks you how far you can see; tell him 2,000,000 Iight-
years.)

In short distant stars-no matter how distant and no
matter how dim individually-nust contribute to the Iight
of the night sky, and this contribution can even becone
detectable without the aid of instrunents if these dim
distant stars exist in sufficient density.

A bers, who didn't know about the Androneda gal axy,
but did know about the MIky Way, therefore set about
aski ng himsel f how rmuch |ight ought to be expected from
the distant stars altogether. He began by naking severa
assunpti ons:

1. That the universe is infinite in extent.

2. That the stars are infinite in nunmber and evenly
spread throughout the universe.

3. That the stars are of uniform average brightness
through all of space.

Now | et's inmagi ne space divided up into shells (like
those of an onion) centering about us, conparatively thin.



shel I s conpared with the vastness of space, but |arge
enough to contain stars within them
Renmenber that the anmount of |ight that reaches us from
i ndi vidual stars of equal luminosity varies inversely as the

square of the distance fromus. |In other words, if Star A

and Star B are equally bright but Star Ais three tinmes as
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far as Star B, Star A delivers only %the light. |If Star A

were five times as far as Star B, Star A would deliver
1/2r, the light, and so on.

This holds for our shells. The average star in a shel
2000 light-years fromus would be only 1/4 as bright in
appearance as the average star in a shell only 1000 |i ght-
years fromus. (Assunption 3 tells us, of course, that the
intrinsic brightness of the average star in both shells is the
same, so that distance is the only factor we need consider.)
Agai n, the average star in a shell 3000 |ight-years from us
woul d be only % as bright in appearance as the average
star in the 10004i ght-year shell, and so on

But as you work your way outward, each succeeding
shell is nmore volum nous than the one before. Since each
shell is thin enough to be considered, w thout appreciable
error, to be the surface of the sphere nade up of all the
shells within, we can see that the volune of the shells in-
creases as the surface of the spheres would-that is, as
the square of the radius. The 2000-1ight-year shell would
have four tinmes the volune of the 1000-1ight-year shell
The 3000-1i ght-year shell would have nine tines the
vol ume of the 1000-1i ght-year shell, and so on

If we consider the stars to be evenly distributed through
space (Assunption 2), then the nunber of stars in any
given shell is proportional to the volune of the shell. If
the 2000-1ight-year shell is four times as vol um nous as the
1000-1i ght-year shell, it contains four times as many stars.
If the 3000-1ight-year shell is nine times as vol um nous as
the 1000-1ight-year shell, it contains nine tines as many
stars, and so on

Well, then, if the 2000-1ight-year shell contains four

,tinmes as many stars as the 100G |ight-year shell, and if
each star in the former is %as bright (on the average)
as each star of the latter, then the total I|ight delivered by
the 2060 Iight-year shell is 4 tines Y4 that of the 1000-
fight-year shell. In other words, the 2000-1ight-year shel
delivers just as much total light as the 1000-1ight-year
shell. The total brightness of the 3000-1ight-year shell is
9tines %that of the 1000-1ight-year shell, and the bright-
ness of the two shells is equal again.

116

In summary, if we divide the universe into successive
shell' s, each shell delivers as nuch light, in toto, as do any
of the others. And if the universe is infinite in extent (As-
sunmption 1) and therefore consists of an finate nunber
of shells, the stars of the universe, however dimthey may
be individually, ought to deliver an infinite anount of I|ight
to the Earth.

The one catch, of course, is that the nearer stars may



bl ock the Iight of the nore distant stars.

To take this into account, let's |look at the problemin
another way. |In no matter which direction one |ooks, the
eye will eventually encounter a star, if it is true they are
infinite in nunber and evenly distributed in space (As-
sunmption 2). The star may be individually invisible, but
it will contribute its bit of light and will be inmmedi ately
adjoined in all directions by other bits of light.

The ni ght sky would then not be black at all but would
be | an absolutely solid snear of starlight. So would the
day sky be an absolutely solid snear of starlight, with the
Sun itself invisible against the |um nous background.

Such a sky would be roughly as bright as 150, 000 suns
i ke ours, and do you question that under those conditions
life on Earth woul d be inpossible?

However, the sky is not as bright as 150,000 suns. The
ni ght sky is black. Somewhere in the O bers' paradox there
is sone nitigating circunstance or sone |ogical error.

A bers hinmsel f thought he found it. He suggested that
space was not truly transparent; that it contained cl ouds of
dust and gas whi ch absorbed nost of the starlight, allow ng
only an insignificant fraction to reach the Earth.

That sounds good, but it is no good at all. There are
i ndeed dust clouds in space but if they absorbed all the
starlight that fell upon them (by the reasoning of O bers
paradox) then their tenperature would go up until they
grew hot enough to be luminous. They would, eventually,
emit as much light as they absorb and the Earth sky woul d

still be star-bright over all its extent.
But if the logic of an argunent is faultless and the con-
clusion is still wong, we must investigate the assunptions.
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VWhat about Assunption 2, for instance? Are the stars in-
deed infinite in nunmber and evenly spread throughout the
uni ver se?

Even in dbers' time there seened reason to believe this
assunption to be false. The German-English astrononer
W liam Herschel made counts of stars of different bright-
ness. He assunmed that, on the average, the dinmer stars
were nore distant than the bright ones (which follows from
Assumption 3) and found that the density of the stars in
space fell off wth distance

Fromthe rate of decrease in density in different direc-
tions, Herschel decided that the stars made up a | ens-
shaped figure. The long dianeter, he decided, was 150
times the distance fromthe Sun to Arcturus (or 6000
light-years, we would now say), and the whol e congl oner -
ation woul d consi st of 100, 000, 000 stars.

This seenmed to di spose of O bers' paradox. |If the |ens-
shaped congl onerate (now called the Gal axy) truly con-
tained all the stars in existence, then Assunption 2 breaks
down. Even if we imagined space to be infinite in extent
out side the Gal axy (Assunption 1), it would contain no
stars and would contribute no illum nation. Consequently,
there would be only a finite nunber of star-containing
shells and only a finite (and not very |arge) anount of
illum nation would be received on Earth. That would be



why the night sky is black.

The estimated size of the Gal axy has been increased
since Herschel's day. It is now believed to be 100, 000
light-years in dianmeter, not 6000; and to contain 150, 000, -
000, 000 stars, not 100, 000,000. This change, however
is not crucial; it still |eaves the night sky black

In the twentieth century d bers' paradox canme back to
life, for it came to be appreciated that there were indeed
stars outside the Gal axy.

The foggy patch in Andronmeda had been felt through-
out the nineteenth century to be a | um nous mnist that
fornmed part of our own Gal axy. However, other such
patches of mist (the Orion Nebula, for instance) contained
stars that lit up the mist. The Andromeda patch, on the
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ot her hand, seened to contain no stars but to gl ow of
itsel f.

Sone astrononmers began to suspect the truth, but it

wasn't definitely established until 1924, when the Aner-

i can astrononer Edwin Powel| Hubble turt'ied the 100-

inch tel escope on the glowing mst and was able to nake

out separate stars in its outskirts. These stars were in-
dividually so dimthat it becanme clear at once that the
patch must be hundreds of thousands of |ight-years away
fromus and far outside the Galaxy. Furthernore, to be
seen, as it was, at that distance, it nust rival in size our
entire Gal axy and be another galaxy in its own right.

And so it is. It is now believed to be over 2,000, 000
light-years fromus and to contain at |east 200, 000, 000, -
000 stars. Still other gal axies were discovered at vastly
greater distances. Indeed, we now suspect that within the
observabl e universe there are at |east 100, 000, 000, 000
gal axi es, and the di stance of some of them has been esti -
mat ed as hi gh as 6,000, 000, 000 |ight-years.

Let us take O bers' three assunptions then and substi -
tute the word "gal axi es" for "stars" and see how t hey
sound.

Assunption 1, that the universe is infinite, sounds good.
At least there is no sign of an end even out to distances
of billions of |ight-years.

Assunption 2, that gal axies (not stars) are infinite in
nunber and evenly spread throughout the universe,
sounds good, too. At least they are evenly distributed for
as far out as we can see, and we can see pretty far

Assunption 3, that gal axies (not stars) are of uniform
average bright ness throughout space, is harder to handle.
However, we have no reason to suspect,--6at distant
gal axi es are consistently |larger or snaller than nearby
ones, and if the gal axies come to some uniform average
size and star-content, then it certainly seens reasonable
to suppose they are uniformy bright as well.

Well, then, why is the night sky black? W're back to
t hat .

Let's try another tack. Astrononers can deternine
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whet her a di stant |um nous object is approaching us- or
receding fromus by studying its spectrum (that is, its lijzht
as spread out in a rainbow of wavel engths from short -

wavel ength violet to | ong-wavel ength red).

The spectrumis crossed by dark lines which are in a
fixed position if the object is notionless with respect to
us. If the object is approaching us, the lines shift toward
the violet. |If the object is receding fromus, the lines shift
toward the red. Fromthe size of the shift astrononers can
determ ne the velocity of approach or recession

In the 1910s and 1920s the spectra of sone gal axies
(or bodies |later understood to be gal axi es) were studied,
and except for one or two of the very nearest, all are re-
ceding fromus. |In fact, it soon becanme apparent that the
farther gal axies are receding nore rapidly than the nearer
ones. Hubble was able to fornulate what is now called
"Hubbl e's Law' in 1929. This states that the velocity of
recession of a galaxy is proportional to its distance from
us. If Galaxy Ais twice as far as Ga laxy D, it is receding
at twice the velocity. The farthest observed gal axy, 6, 000, -
000, 000 light-years fromus, is receding at a velocity half
that of 1ight.

The reason for Hubble's Law is taken to lie in the ex-
pansi on of the universe itseff-an expansi on which can be
made to follow fromthe equations set up by Einstein's
CGeneral Theory of Relativity (which, | hereby state firmy,

I will not go into).

G ven the expansion of the universe, now, how are
A bers' assunptions affected?

If, at a distance of 6,000,000,000 Iight-years a gal axy
recedes at half the speed of light, then at a di stance of
12, 000, 000, 000 light-years a gal axy ought to be recedi ng
at the speed of light (if Hubble's Law holds). Surely,
further distances are neani ngl ess, for we cannot hal ve
velocities greater than that of light. Even if that were pos-
sible, no light, or any other "nessage" could reach us from
such a nore-di stant galaxy and it would not, in effect, be
in our universe. Consequently, we can inmagine the universe
to be finite after all, with a "Hubble radius" of sone
12, 000, 000, 000 1i ght-years.
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But that doesn't w pe out O bers' paradox. Under the
requirements of Einstein's theories, as gal axi es nove faster
and faster relative to an observer, they becone shorter
and shorter in the line of travel and take up | ess and |ess
space, so that there is roomfor |arger and | arger nunbers
of galaxies. |In fact, even in a finite universe, with a radius
of 12,000, 000,000 |ight-years, there nmight still be an in-
finite nunber of gal axies; alnmost all of them (paper-thin)
existing in the outernost few nmiles of the Universe-sphere.

So Assunption 2 stands even if Assunption | does not;
and Assunption 2, by itself, can be enough to insure a
star-bright sky.

But what about the red shift?

Astrononers neasure the red shift by the change in
position of the spectral lines, but those |lines nove only
because the entire spectrumnoves. A shift to the red is a



shift in the direction of |esser energy. A receding gal axy
delivers less radiant energy to the Earth than the sane

gal axy woul d deliver if it were standing still relative to us
-just because of the red shift. The faster a gal axy recedes
the less radiant energy it delivers. A galaxy receding at the
speed of |ight delivers no radiant energy at all no nmatter

how bright it mght be.

Thus, Assunption 3 falls! It would hold true if the uni-
verse were static, but not if it is expanding. Each succeed-
ing shell in an expandi ng universe delivers less light than
the one within because its content of galaxies is succes-
sively farther fromus; is subjected to a successively greater
red shift; and falls short, nore and nore, of the expected
radi ant energy it mght deliver.

And because Assunption 3 fails, we receive only a finite
amount of energy fromthe universe and the night sky is
bl ack.

According to the nost popul ar nodels of the universe,
this expansion will always continue. It may continue wth-
out the production of new gal axi es so that, eventually,
billions of years hence, our Galaxy (plus a few of its
nei ghbors, which together make up the "local cluster" of
gal axies) will seemalone in the universe. AU the other

121

gal axies will have receded too far to detect. O new gal axies
may continuously formso that, the universe will always
seem full of gal axies, despite its expansion. Either way,
however, expansion will continue and the night sky will
remai n bl ack.

There is anot her suggestion, however, that the universe

oscillates; that -the expansion will gradually slow down
until the universe cones to a nonent of static pause, then
begins to contract again, faster and faster, till it tightens at

last into a snmall sphere that expl odes and brings about a
new expansi on.

If so, then as the expansion slows the diinmng effect of
the red shift will dimnish and the night sky will slowy

brighten. By the time the universe is static the sky will be
uniformy star-bright as d bers' paradox required. Then
once the universe starts contracting, there will be a "violet-
shift" and the energy delivered will increase so that the sky
wi Il becone far brighter and still brighter.

This will be true not only for the Earth (if it still existed
in the far future of a contracting universe) but for any
body of any sort in the universe. 1In a static or, worse still,

a contracting universe there could, by O bers' paradox, be
no col d bodies, no solid bodies. There would be uniform
hi gh tenperatures everywhere-in the mllions of degrees,

| suspect-and life sinply could not exist.

So | get back to nmy earlier statement. The reason there
islife on Earth, or anywhere in the universe, is sinply
that the'distant gal axi es are noving away from us.

In fact, now that we know the ins and outs of O bers
par adox, m ght we, do you suppose, be able to work out
the recession of the distant gal axies as a necessary conse-
guence of the blackness of the night sky? Maybe we could
amend the fanous statenment of the French phil osopher



Ren6 Descartes.

He said, "I think, therefore | am"
And we could add: "I am therefore the universe ex-
pandsl "
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10. A GALAXY AT A TIME

Four or five'vears a2o there was a small fire at a schoo
two bl ocks fromny house. It wasn't rmuch of a fire, really,
produci ng snmoke and damegi ng sone roons in the base-

ment, but nothing nmore. What's nore, it was outside

school hours so that no lives were in danger

Nevert hel ess, as soon as the first piece of fire apparatus
was on the scene the audi ence had begun to gather. Every
idiot intow and half the idiots fromthe various con-
tiguous towns cane racing down to see the fire. They cane
by auto and by oxcart, on bicycle and on foot. They cane
with girl friends on their arnms, with aged parents on their
shoul ders, and with infants at the breast.

They parked all the streets solid for mles around and
after the first fire engine had cone on the scene nothing
nore coul d have been added to it except by helicopter

Apparently this happens every tinme. At every disaster
big or small, the two-1egged ghouls gather and line up
shoul der to shoul der and chest to back. They do this, it
seens, for two purposes: a) to stare goggl e-eyed and
sl ack-jawed at destruction and nisery, and b) to prevent
the approach of the proper authorities who are attenpting
to safeguard life and property.

Naturally, | wasn't one of those who rushed to see the
fire and | felt very self-righteously noble about it. How
ever (since we are all friends), | will confess that this is
not necessarily because | amfree of the destructive in-
stinct. It's just that a messy little fire in a basement isn't

ny idea of destruction; or a good, roaring blaze at the
muni ti ons dunp, either
If a star were to blow up, then we m ght have sone-
t hi ng.
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Cone to think of it, my instinct for destruction nust be
wel | devel oped after all, or I wouldn't find nyself so
fascinated by the subject of supernovas, those col ossa
stel l ar expl osi ons.

Yet in thinking of them | have, it turns out, been a
pi ker. Here |I've been assuning for years that a supernova
was the grandest spectacle the universe had to offer (pro-
vi ded you were standi ng several dozen |ight-years away)
but, thanks to certain 1963 findings, it turns out that a
supenova taken by itself is not nmuch nore than a two-
inch firecracker.

This realization arose out of radio astronony. Since
World War 11, astronomers have been picking up mcro-
wave (very short radi o-wave) radiation fromvarious parts



of the sky, and have found that sone of it cones from our
own nei ghborhood. The Sun itself is a radio source and so
are Jupiter and Venus.

The radi o sources of the Sol ar System however, are
virtually insignificant. W would never spot themif we
weren't right here with them To pick up radi o waves
across the vastness of stellar distances we need sonet hi ng
better. For instance, one radi o source from beyond the
Solar Systemis the Crab Nebula. Even after its radio
waves have been diluted by spreading out for five thousand
light-years before reaching us, we can still pick up what
remans and i npi nges upon our instrunents. But then the
Crab Nebul a represents the remains of a supernova that
blewitself to kingdomcome-the first [ight of the explo-
sion reaching the Earth about 900 years ago.

But a great number of radi o sources lie outside our
Gal axy altogether and are nillions and even billions of
light-years distant. Still their radi o-wave emanations can be
detected and so they nust represent energy sources that
shrink mere supenovas to virtually nothing.

For instance, one particularly strong source turned out,
on investigation, to arise froma gal axy 200, 000, 000 |i ght-
years away. Once the |arge tel escopes zeroed in on that
galaxy it turned out to be distorted in shape. After closer
study it becanme quite clear that it was not a galaxy at all
but two galaxies in the process of collision
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VWhen two gal axies collide like that, there is little likeli-
hood of actual collisions between stars (which are too
small and too widely spaced). However, if the gal axies
possess cl ouds of dust (and many gal axi es, including our
own, do), these clouds will collide and the turbul ence of
the collision will set up radi o-wave em ssion, as does the
turbul ence (in order of decreasing intensity) of the gases
of the Crab Nebul a, of our Sun, of the atnosphere of
Jupiter, and of the atnobsphere of Venus.

But as nore and nore radi o sources were detected and
pi npoi nted, the nunber found anong the far-distant', ga-
| axi es seened inmpossibly high. There night be occasiona
col lisions anong gal axi es but it seemed nost unlikely that
there could be enough collisions to account for all those
radi o sources.

Was there any other possible explanation? What was
needed was sone cataclysmjust as vast and intense as
that represented by a pair of colliding gal axies, but one
that involved a single gallaxy. Once freed fromthe neces-
sity of supposing collisions we can explain any nunber of
radi o sources.

But what can a single galaxy do alone, w thout the help
of a sister gal axy?

Well, it can expl ode

But how? A galaxy isn't really a single object. It is
simply a | oose aggregate of up to a couple of hundred
billion stars. These stars can explode individually, but how

can we have an explosion of a whole galaxy at a tine?

To answer that, let's begin by understanding that a
galaxy isn't really as | oose an aggregation as we m ght tend



to think. A galaxy |like our own may stretch out 100, 000
light-years in its |ongest dianmeter, but nmpst of that consists
of nothing nore than a thin powdering of stars-thin
enough to be ignored. W happen to live in this thinly
starred outskirt of our own Gal axy so we accept that as
the norm but it isn't.

The nub of a galaxy is its nucleus, a dense packet of
stars roughly spherical in shape and with a dianeter of,
say, 10,000 light-years. Its volume is then 525, 000, 000, 000

125

cubic light-years, and if it contains 100, 000, 000, 000 stars,
that means there is | star per 5.25 cubic light-years.

Wth stars nassed together |ike that, the average dis-
tance between stars in the galactic nucleus is 1.7 light-years
-but that's the average over the entire volume. The den-
sity of star nunbers in such a nucleus increases as one
noves toward the center, and I think it is entirely fair to
expect that toward the center of the nucleus, stars are not
separated by nmore than half a |ight-year

Even half a light-year is sonething |ike 3,000, 000, 000, -
000 miles or 400 tines the extreme width of Pluto's orbit,
so that the stars aren't actually crowded, they're not |ikely
to be colliding with each other, and yet

Now suppose that, somewhere in a gal axy, a supernova
lets go.

VWhat happens?

In nmost cases, nothing (except that one star is smashed
to flinders). |If the supernova were in a gal actic suburb-

i n our own nei ghborhood, for instance-the stars would

be so thinly spread out that none of them would be near
enough to pick up nuch in the way of radiation. The in-
credi ble quantities of energy poured out into space by such
a supenova would sinmply spread and thin out and cone

t o not hi ng.

In the center of a galactic nucleus, the supernova is not
quite as easy to dismss. A good supernova at its height is
rel easing energy at nearly 10,000, 000,000 tinmes the rate
of our Sun. An object five light-years away woul d pick up
a tenth as much energy per second as the Earth picks up
fromthe Sun. At half a light-year fromthe supernova it
woul d pick up ten times as nuch energy per second as
Earth picks up fromthe Sun.

This isn't good. |If a supernova let go five light-years
fromus we would have a year of bad heat problems. If it
were half a light-year away | suspect there would be little
left of earthly life. However, don't worry. There is only
one star-systemw thin five light-years of us and it is not the
kind that can go supenova
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But what about the effects on the stars thenselves? |If
our Sun were in the neighborhood of a supernova it would
be subjected to a batb of energy and its own tenperature
woul d have to go up. After the supernova is done, the Sun
woul d seek its own equilibriumagain and be as good as
before (though life on its planets nmay not be). However,



in the process, it would have increased its fuel consunp-
tion in proportion to the fourth power of its absolute tem
perature. Even a small rise in tenperature mght lead to a
surprisingly | arge consunption of fuel

It is by fuel consunption that one nmeasures a star's age.
VWen the fuel supply shrinks | ow enough, the star expands
into a red giant or explodes into a supernova. A distant
supenova by war @g the Sun slightly for a year m ght
cause it to nove a century, or ten centuries closer to such
a crisis. Fortunately, our Sun has a long lifetinme ahead of
it (several billion years), and a few centuries or even a
mllion years would nmean little.

Sone stars, however, cannot afford to age even slightly.
They are already close to that state of fuel consunption
which will lead to drastic changes, perhaps even supernova-
-hood. Let's call such stars, which are on the brink, pre-
supernovas. How many of them would there be per
gal axy?

It has been estinmated that there are an average of 3
supenovas per century in the average gal axy. That neans
that in 33,000,000 years there are about a mllion super-
novas in the average gal axy. Considering that a galactic
life span may easily be a hundred billion years, any star
that's only a fewmllion years renoved from supenova-
hood nmay reasonably well be said to be on the brink

if, out of the hundred billion stars in an average gal ac-
tic nucleus, a mllion stars are on the brink, then 1 star
out of 100,000 is a pre-supern6va. This means that pre-
supenovas within galactic nuclei are separated by average
di stances of 80 light-years. Toward the center of the nu-
cl eus, the average di stance of separation m ght be as | ow
as 25 light-years.

But iven-at 25 light-years, the light froma supenpva

127

woul d be only 1/2:-,0 that which the Earth receives fromthe
Sun, and its effect would be trifling. And, as a matter of
fact, we frequently see supenovas |ight up one gal axy or
anot her and not hi ng happens. At |east, the supenpva
slowy dies out and the galaxy is then as it was before.

However, if the average gal axy has | pre-supenova in
every 100, 000 stars, particul ar gal axi es may be poorer
than that in supernovas richer. An occasional gal axy
may be particularly rich and I star out of every 1000 may
be a pre-supernova.

In such a gal axy, the nucleus would contain 100, 000, -
000 pre-supenovas, separated by an average di stance of
17 light-years. Toward the center, the average separation
m ght be no nore than 5 light-years. |If a supenova lights
up a pre-supernova only 5 light-years away it will shorten
its life significantly, and if that supernova had been a
thousand years from expl osion before, it nmight be only
two months from expl osi on afterward.

Then, when it lets go, a nore distant pre-supenova
whi ch has had its lifetinme shortened, but not so drastically,
by the first, may have its lifetime shortened again by the
second and cl oser supernova, and after a few nonths it
bl ast s.

On and on |ike a bunch of tunbling dom noes this



woul d go, until we end up with a galaty in which not a
singl e supernova | ets bang, but several mllion, perhaps,
one after the other

There is the galactic explosion. Surely such a tunbling
of dom noes would be sufficient to give birth to a corusca-
tion of radio waves that would still be easily detectable
even after it had spread out for a billion Iight-years.

Is this just speculation? To begin with, it was, but in
| ate 1963 sone observational data made it appear to be
nore than that.

It involves a galaxy in Ursa Major which is called MB2
because it is nunber 82 on a list of objects in the heavens
prepared by the French astrononmer Charles Messier about
two hundred years ago.
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Messi er was a conet-hunter and was al ways | ooki ng
through his tel escope and thinking he had found a conet
and turning handsprings and then finding out that he had
been fool ed by some foggy object which was al ways there
and was not a conet.

Finally, he decided to map each of 101 annoyi ng ob-
jects that were foggy but were not conmets so that others
woul d not be fooled as he was. It was that |ist of annoy-
ances that nade his nanme immortal .

The first on his list, M, is the Crab Nebula.. Over two
dozen are gl obul ar clusters (spherical congl onerations of
densely strewn stars), M 3 being the Great Hercules C us-
ter, which is the largest known. Over thirty nenbers of
his list are gal axies, including the Andronmeda Gal axy
(MB1) and the Wirlpool Galaxy (Mbl). O her fanous
objects on the list are the Orion Nebula (M42), the Ring
Nebul a (Mb7), and the OM Nebula (M7).

Anyway, MB2 is a gal axy about 10,000, 000 |ight-years
fromEarth which aroused interest when it proved to be a
strong radi o source. Astrononmerp. turned the 200-inch
tel escope upon it and took pictures, through filters that
bl ocked all |ight except that com ng from hydrogen ions.
There was reason to suppose that any disturbances that
m ght exist would show up nost clearly anong the hydro-
gen ions.

They did! A three-hour exposure revealed jets of bydro-
gen up to a thousand light-years long, bursting out of the
gal actic nucleus. The total mass of hydrogen being shot
out was the equivalent of at |east 5,000,000 average stars.
Fromthe rate at which the jets were traveling and the
di stance they had covered, the explosion rmust have taken
pl ace about 1,500,000 years before. (O course, it takes
light ten million years to reach us from M32, so that the
expl osi on took place 11,500,000 years ago, Earth-tine-
just at the beginning of the Pleistocene Epoch.)

MB2, then, is the case of an expl oding gal axy. The
energy expended is equivalent to that of five mllion super-
novas formed in rapid succession, |ike uranium atomns
undergoing fission in an atom ¢ bonb-though on a vastly
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greater scale, to be sure. | feel quite certain that if there
had been any |life anywhere in that gal actic nucleus, there
isn't any now.

In fact, | suspect that even the outskirts of the gal axy
may no | onger be exanples of prine real estate.

VWi ch brings up a horrible thought . . . Yes, you
guessed it!

VWhat if the nucl eus of our own dear Gal axy expl odes?

It very likely won't, of course (I don't want to cause fear
and despondency anong the Gentl e Readers), for expl od-

i ng gal axi es are probably as uncomon anong gal axi es as

expl oding stars are anpbng stars. Still, if it's not going to
happen, it is all the nmore confortable then, as an intellec-
tual exercise, to wonder about the consequences of such an
expl osi on.

To begin with, we are not in the nucleus of our Gal axy
but far in the outskirts and in distance there is a nodi cum
of safety. This is especially so since between oursel ves and
t he nucl eus are vast clouds of dust that will effectively
screen off any visible fireworks.

O course, the radi o waves woul d come spew ng out
t hrough dust and all, and this would probably ruin radio
astronony for mllions of years by bl anking out everything
el se. Whrse still would be the cosmc radiation that m ght
ri se high enough to becone fatal to life. In other words,
we m ght be caught in the fallout of that gal actic explo-
si on.

Suppose, though, we put cosmic radiation to one side,
since the extent of its formation is uncertain and since
consi deration of its presence would be depressing to the
spirits. Let's also abolish the dust clouds with a wave of
the specul ative hand.

Now we can see the nucleus. What does it look Iike
wi t hout an expl osi on?

Consi dering the nucleus to be 10,000 light-years in
di ameter and 30,000 |ight-years away fromus, it would
be visible as a roughly spherical area about 20' in dia-
nmeter. \When entirely above the horizon it would make up
a patch about % of the visible sky.
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Its total |ight would be about 30 tinmes that given off by
Venus at its brightest, but spread out over so |large an
area it would | ook conparatively dim An area of the
nucl eus equal in size to the full Mon would have an
average brightness only 1/200,000 of the full Moon

It would be visible then as a patch of lum nosity broad-
ening out of the MIky Way in the constellation of Sagit-
tarius, distinctly brighter than the MIky Way itself; bright-
est at the center, in fact, and fading off with di stance from
the center.

But what if the nucleus of our Gal axy expl oded? The
expl osion woul d take place, | feel certain, in the center
of the nucl eus, where the stars were thickest and the effect
of one pre-supenpva on its nei ghbors woul d be nost
mar ked. Let us suppose that 5,000,000 supernovas are
formed, as in M2.

If the nucl eus has pre-supenovas separated by 5 |ight-



years in its central regions (as estimated earlier in the
chapter, for gal axi es capabl e of expl osion), then 5,000,000
pre-supernovas would fit into a sphere about 850 |ight-
years in diameter. At a distance of 30,000 |ight-years,
such a sphere woul d appear to have a diameter of 1.6,
which is alittle nore than three tines the apparent di-
ameter of the full Mon. W would therefore have an ex-
cel l ent view.

Once the expl osion started, supernova ought to foll ow

supenova at an accelerating rate. It would be a chain
reaction.
If we were to | ook back on that vast explosion mllions

of years later, we could say (and be roughly correct) that
the center of the nucleus had all exploded at once. But
this is only roughly correct. |If we actually watch the ex-
plosion in process, we will find it will take considerable
time, thanks entirely to the fact that |ight takes considerable
time to travel fromone star to another

When a supernova explodes, it can't affect a nei ghbor-
i ng presupenova (5 light-years away, remenber) unti
the radiation of the first star reaches the second-and that

woul d take 5 years. |If the second star was on the far side
of the first (with respect to ourselves), an additional 5
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years would be lost while the light travel ed back to the
vicinity of the first. W would therefore see the second
supernova 10 years later than the first.

Since a supenova will not remain visible to the naked
eye for nmore than a year or so even under the best condi -
tions (at the distance of the Gal actic nucleus), the second
supenova woul d not be visible until long after the first had
faded off to invisibility.

In short, the 5,000,000 supenovas, formng in a sphere
850 light-years in dianmeter, would be seen by us to appear
over a stretch of tinme equal to roughly a thousand years.

If the explosions started at the near edge of that sphere so
that radiation had to travel away fromus and return to set
of f ot her supernovas, the spread m ght easily be 1500 years.
If it started at the far end and additi onal expl osions took
pl ace as the light of the original explosion passed the pre-
supernovas en route to ourselves, the tinme-spread m ght be
consi derably | ess.

On the whole, the chances are that the Gal actic nucl eus
woul d begin to show individual twi nkles. At first there
m ght be only three or four tw nkles a decade, but then, as
the decades and centuries passed, there would be nore and
more until finally there.m ght be several hundred visible
at one time. And finally, they would all go out and | eave
behi nd di My gl owi ng gaseous turbul ence.

How bright will the individual tw nkles be? A single
supenova can reach a maxi num absol ute magni t ude of
-17. That nmeans if it were at a distance of 10 parsecs
(32.5 light-years) fromourselves, it would have an appar -
ent magni tude of -17, which is 1/10,000 the brightness of
t he Sun.

At a distance of 30,000 light-years, the apparent magni -
tude of such a supenobva woul d decline by | @nmagnitudes.



The apparent magnitude woul d now be -2, which is about
the brightness of Jupiter at its brightest.

This is quite a static statistic. At t he di stance of the
nucl eus, no ordinary star can be individually seen with the

naked eye. The hundred billion stars of the nucl eus just
make up a |umi nous but featurel ess haze under ordinary
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conditions. For a single star, at that distance, to fire up to
the apparent brightness of Jupiter is sinply colossal. Such
a supenova, in fact, burns with a tenth the light intensity
of an entire non-expl odi ng gal axy such as ours.

Yet it is unlikely that every supenova fornming will be
a supenova of maximumbrilliance. Let's be conservative
and suppose that the supenovas will be, on the average,
two magnitudes bel ow the maxi mum Each will then have
a magni tude of 0, about that of the star Arcturus.

Even so, the "twi nkles" would be prom nent indeed. |If
humanity were exposed to such a sight in the early stages
of civilization, they would never nake the m stake of think-
ing that the heavens were eternally fixed and unchangeabl e.
Per haps the absence of that particul ar m sconception
(which, in actual fact, mankind | abored under until early
nmodern tinmes) mght have accel erated the devel opnent of

ast ronomy.
However, we can't see the Galactic nucleus and that's
that. |Is there anything even faintly approaching such a

mul ti-explosion that we can see?

There's one conceivabl e possibility. Here and there, in
our Gal axy, are to be found globular clusters. It is estinated
there are about 200 of these per gal axy. (About a hundred
of our own clusters have been observed, and the other
hundred are probably obscured by the dust clouds.)

These gl obul ar clusters are |ike detached bits of galactic
nucl ei, 100 light-years or so in dianmeter and containi ng
from 100,000 to 10, 000,000 stars-symcttricary scat-
tered about the gal actic center

The | argest known gl obular cluster is the Geat Hercul es
Cluster, M3, but it is not the closest. The nearest gl obul ar
cluster is Orega Centauri, which is 22,000 light-years from
us and is clearly visible to the naked eye as an object of the
fifth magnitude. It is only a point of light to the naked eye,
however, for at that distance even a dianeter of 100 light-
years covers an area of only about 1.5 minutes of arc in
di anet er.

Now | et us say that Onega Centauri contained 10, 000
pre-supenovas and that every one of these expl oded at
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their earliest opportunity. There would be fewer twi nkles
al t oget her, but they woul d appear over a shorter time in-
terval and would be, individually, twice as bright.

It would be a perfectly ideal explosion, for it would be
unobscured by dust clouds; it would be small enough to
be quite safe; and | arge enough to be sufficiently spectacul ar
for anyone.

And yet, now that |'ve worked up ny sense of excite-



ment over the spectacle, | nust admit that the chances of
viewi ng an explosion in Orega Centauri are just about nil
And even if it happened, Orega Centauri is not visible in
New Engl and and | would have to travel quite a bit south-
ward if | expected to see it high in the sky in full glory
and | don't like to travel

Hm. . . Ch well, anyone for a nei ghborhood fire?
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Part 11
OF OTHER THI NGS

11. FORCET IT!

The other day | was | ooking through a new textbook on
bi ol ogy (Biological Science: An Inquiry into Life, witten
by a number of contributing authors and published by Har-
court, Brace & Wrld, Inc. in 1963). 1 found it fascinating.
Unfortunately, though, | read the Foreword first (yes,
" mone of that kind) and was instantly plunged into the
deepest gloom Let ne quote fromthe first two paragraphs:
"Wth each new generation our fund of scientific know -
edge increases fivefold. . . . At the current rate of s.cien-
tific advance, there is about four times as nuch'significant
bi ol ogi cal know edge today as in 1930, and about sixteen
times as nuch as in 1900. By the year 2000, at this rate of

i ncrease, there will be a hundred tinmes as nuch biology to
dcover' in the introductory course as at the begi nning of the
century."

| magi ne how this affects ne. | ama professional "keeper-
upper" with science and in ny nore manic, ebullient, and
carefree monments, | even think |I succeed fairly well.

Then | read sonething |like the above-quoted passage
and the world falls about ny ears. | don't keep up with
science. Wrse, | can't keep tip with it. Still worse, I'm

falling farther behind every day.

And finally, when I'mall through sorrowing for nyself,
| devote a few nmonents to worrying about the world
generally. \What is going to beconme of Honmo sapi ens?
We're going to smarten ourselves to death. After a while,



we will all die of pernicious education, with our brain cells
crammed to indigestion with facts and concepts, and with
bl asts of information expl oding out of our ears.
But then, as luck would have it, the very day after |
read the Foreword to Biological Science | came across an
old, old book entitled Pike's Arithnetic. At least that is the
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nane on the spine. On the title page it spreads itself a bit
better, for in those days titles were titles. It goes "A New
and Conpl ete System of Arithmetic Conmposed for the Use

of the Citizens of the United States," by N colas Pike, A M

It was first published in 1785, but the copy | have is only
the "Second Edition, Enlarged,” published in 1797.

It is a large book of over 500 pages, crammed full of
small print and with no relief whatever in the way of
illustrations or diagrams. It is a solid slab of arithnetic
except for small sections at the very end that introduce
al gebra and geonetry.

I was amazed. | have two children in grade school (and
once | was in grade school mnyself), and | know what arith-
nmeti c books are |like these days. They are nowhere near as
| arge. They can't possibly have even one-fifth the wordage
of Pike.

Can it be that we are | eaving anything out?

So | went through Pike and, you know, we are | eaving
something out. And there's nothing wong with that. The
trouble is we're not |eaving enough out.

On page 19, for instance, Pike devotes half a page to a
listing of nunbers as expressed in Roman nuneral s, ex-
tending the list to nunbers as high as five hundred thou-
sand.

Now Arabic nuneral s reached Europe in the Hi gh
M ddl e Ages, and once they cane on the scene the Roman
nuneral s were conpletely outnoded. They |ost all pos-
sible use, so infinitely superior was the new Arabic nota-
tion. Until then who knows how many reans of paper
were required to explain nmethods for calculating with
Roman nunerals. Afterward the sane cal cul ati ons coul d
be performed with a hundredth of the explanation. No
know edge was | ost only inefficient rules.

And yet five hundred years after the deserved death of
the Roman nunerals, Pike still included them and ex-
pected his readers to be able to translate theminto Arabic
nuneral s and vice versa even though he gave no instruc-

tions for howto mani pulate them |In fact, nearly two hun-
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dred years after Pike, the Roman nunerals are still being
taught. M little daughter is |earning them now
But why? \Where's the need? To be sure, you will find

Roman nuneral s on cornerstones and gravestones, on
cl ockfaces and on some public buildings and docunents,
but it isn't used for any need at all. It is used for show,
for status, for antique flavor, for a craving for some kind
of phony cl assici sm

| dare say there are some sentinmental fellows who fee



t hat know edge of the Roman nunerals is a kind of gate-
way to history and culture; that scrapping them would be
i ke knocking over what is left of the Parthenon, but |
have no patience with such mawki shness. W might as
wel | suggest that everyone who learns to drive a car be
required to spend sonme tinme at the wheel of a Mdel-T
Ford so he could get the flavor of early cardom

Roman nuneral s? Forget iti-And nake room i nstead
for new and val uabl e materi al

But do we dare forget things? Wy not? W' ve forgot-
ten much; nore than you inagine. Qur troubles stem not
fromthe fact that we've forgotten, but that we remenber
too well; we don't forget enough

A great deal of Pike's book consists of material we have
i nperfectly forgotten. That is why the nodern arithnetic
book is shorter than Pike. And if we could but perfectly
forget, the nodern arithnetic book could grow still
shorter.

For instance, Pike devotes nany pages to tabl es-pre-
sumably inportant tables that he thought the reader ought
to be famliar with. H s fifth table is |abeled "cloth neas-
ure. 29

D d you know that 2% inches nmake a "nail"? Well
they do. And 16 nails nake a yard; while 12 nails make
an ell.

No, wait a while. Those 12 nails (27 inches) nmake a

Flemsh ell. 1t takes 20 nails (45 inches) to make an
English ell, and 24 nails (54 inches) to make a French
ell. Then, 16 nails plus 1% inches (371/5 inches) nmake a
Scotch el l
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Now i f you're going to be in the business world and
i mport and export cloth, you're going to have to know al
those ells-unless you can figure sone way of getting the
ell out of business.

Furt hernore, al nost every piece of goods is neasured
inits own units. You speak of a firkin of butter, a punch
of prunes, a fother of |ead, a stone of butcher's neat, and
so on. Each of these quantities weighs a certain nunber of
pounds (avoirdupoi s pounds, but there are also troy pounds
and apot hecary pounds and so on), and Pi ke carefully
gives all the equival ents.

Do you want to nmeasure di stances? Well, how about
this: 7 92/100 inches nake | link; 25 |links nmake | pole;

4 poles make | chain; 10 chains make | furlong; and 8
furlongs nake | mle.

O do you want to neasure ale or beer-a very com
nmon line of work in Colonial tinBs. You have to know the
| anguage, of course. Here it is: 2 pints make a quart and
4 quarts nake a gallon. Well, we still know that nuch
anyway.

In Colonial tines, however, a nere gallon of beer or ale
was but a starter. That was for infants. You had to know
how to speak of nman-sized quantities. Wll, 8 gallons
make a firkin-that is, it makes "a firkin,of ale in Lon-
don." It takes, however, 9 gallons to make "a firkin of beer
in London." The internediate quantity, 81/2 gallons, is
mar ked down as "a firkin of ale or beer"-presunmably



out side of the environs of London where the provincial
citizens were less finicky in distinguishing between the two.

But we go on: 2 firkins (I suppose the intermedi ate
ki nd, but I'mnot sure) nake a kilderkin and 2 kil derkins
make a barrel. Then |I/z barrels make | hogshead; 2 bar-
rel s make a puncheon; and 3 barrels make a butt.

Have you got all that straight?

But let's try dry nmeasure in case your appetite has been
sharpened for sonmething still better.

Here, 2 pints make a quart and 2 quarts nake a pottle.
(No, not bottle, pottle. Don't tell ne you' ve never heard
of a pottle!) But let's proceed.

Next, 2 pottles nake a gallon, 2 gallons make a peck

140

and 4 pecks nmake a bushel. (Long breath now.) Then 2
bushel s nake a strike, 2 strikes nake a coom 2 coons
make a quarter, 4 quarters nake a chaldron (though in
the demanding city of London, it takes 41/2 quarters to
make a chaldron). Finally, 5 quarters make a wey and 2
weys make a | ast.

I["mnot making this up. |1'mcopying it right out of Pike,
page 48.

Were people who were studying arithnetic in 1797 ex-
pected to nenorize all this? Apparently, yes, because Pike
spends a lot of time on compound addition. That's right,
compound addition

You see, the addition you consider addition is just
44 sinple addition." Conpound addition is sonething
stronger and I will now explain it to you

Suppose you have 15 appl es, your friend has 17 appl es,
and a passing stranger has 19 apples and you decide to
make a pile of them Having done so, you wonder bow
many you have altogether. Preferring not to count, you
draw upon your coll ege education and prepare to add
15 + 17 + 19. You begin with the units colum and find
that 5 + 7 + 9 = 21.; You therefore divide 21 by 10 and
find the quotient is 2 plus a remainder of I,. so you put
down the renainder, 1, and carry the quotient 2 into the
tens col ---

| seemto hear loud yells fromthe audience. "Wat is
all this? conmes the fevered demand. "Were does this
"divide by 10" jazz come fron®"

Ah, Gentle Readers, but this is exactly what you do
whenever you add. It is only that the kindly souls who
devi sed our Arabic system of nuneration based it on the
nunber 10 in such a way that when any two-digit num
ber is divided by 10, the first digit represents the quotient
and the second the remai nder.

For that reason, having the quotient and renainder in
our hands wi thout dividing, we can add automatically. |If
the units columm adds up to 21, we put down | and carry
2; if it bad added up to 57, we would have put down 7
and carried 5 and so on
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The only reason this works, mnd you, is that in adding



a set of figures, each colum of dicits (starting fromthe
right and working leftward) represents a value ten tinmes
as great as the colum before. The rightnost colum is
units, the one to its left is tens, the one to its left is hun-
dreds, and so on

It is this conbination of a nunber system based on ten
and a value ratio fromcolum to colum of ten that
makes addition very sinmple. It is for this reason that it is,
as Pike calls it, "sinple addition."

Now suppose you have | dozen and 8 apples, your
friend has 1 dozen and 10 appl es, and a passing stranger
has | dozen and 9 apples. Make a pile of those and add
them as fol |l ows:

| dozen 8 units
1 dozen 10 units
1 dozen 9 units

Since 8 + 10 + 9 = 27, do we put down 7 and carry
2? Not at all! The ratio of the "dozens" columm to the
(tunits" columm is not 10 but 12, since there are 12 units
to a dozen. And since the number systemwe are using is
based on | 0 and not on 12, we can no longer let the dicits
do our thinking for us. W have to go |long way round.

If 8 + 10 + 9 -- 27, we nust divide that sum by the
ratio of the value of the colums; in this case, 12. W find
that 27 divided by 12 gives a quotient of 2 plus a remain-
der of 3, so we put down 3 and carry 2. In the dozens
colum we get | +1 +1 + 2 =5, Qur total therefore is
5 dozen and 3 appl es.

VWhenever a ratio of other than 10 is used so that you
have to nmake actual divisions in adding, you have "com
pound addition."” You nust indulge in conmpound addition
if you try to add 5 pounds 12 ounces and 6 pounds 8
ounces, for there are 16 ounces to a pound. You are stuck
again if you add 3 yards 2 feet 6 inches to | yard 2 feet
8 inches, for there are 12 inches to a foot, and 3 feet to a
yard.

You do the fornmer if you care to; 1'll do the latter
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First, 6 inches and 8 inches are 14 inches. Divide 14 by
12, getting 1 and a remai nder of 2, so you put down 2

and carry 1. As for the feet, 2 + 2 +1 =5. Divide 5 by
3 and get | and a remai nder of 2, put down 2 and carry

1. In the yards, you have 3 + 1 + 1 = 5. Your answer,
then, is 5 yards 2 feet 2 inches.

Now why on Earth should our unitratios vary all over
the lot, when our number systemis so firmly based on 10?
There are many reasons (valid in their tine) for t he use

of odd ratios like 2, 3, 4, 8, 12, 16, and 20, but surely we
are now advanced and sophi sticated enough to use 10 as
the exclusive (or n arly exclusive) ratio. If we could do
so, we could with such pleasure forget about conpound
addi ti on-and conpound subtraction, conpound multipli-
cation, conpound division, too. (They al so exist, of
course.)

To be sure, there are times when nature nakes the uni-



versal ten inpossible. In neasuring tinme, the day and the
year have their lengths fixed for us by astronom cal condi -
tions and neither unit of tinme can be abandoned. Com
pound addition and the rest will have to be retained for
suchspeci al cases, al as.

But who in blazes says we nmust measure things in
firkins and pottles and Flem sh ells? These are purely man-
made measurenents, and we nust renenber that neasures
were made for man and not man for measures.

It so happens that there is a system of measurenent
based exclusively on ten in this world. It is called the
metric systemand it is used all over the civilized world
except for certain English-speaking nations such as the
United States and Great Britain.

By not adopting the metric system we waste our tine
for we gain. nothing, not one thing, by |learning- our own
nmeasurenments. The loss in tine (which is expensive in-
deed) is balanced by not one thing |I can inagine. (To be
sure, it would be expensive to convert existing instrunments
and tools but it would have been nowhere nearly as ex-
pensive if we had done it a century ago, as we should
have.)
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There are those, of course, who object to violating our
| ong-used cheri shed neasures. They have given up coomns
and ehal drons but imagine there is sonething about inches
and feet and pints and quarts and pecks and bushel s t hat
is "sinmpler" or "nore natural" than neters and liters.

There may even be people who find sonething danger-
ously foreign and radical (oh, for that vani shed word of
opprobrium "Jacobin") in the nmetric systemyet it was
the United Stettes that |led the way.

In 1786, thirteen years before the wi cked French revo-
lutionaries designed the nmetric system Thomas Jefferson
(a notorious "Jacobin," according to the Federalists, at
| east) saw a suggestion of his adopted by the infant, United
States. The nation established a decimal currency.

VWhat we had been using was British currency, and that
is a fearsome and wonderful thing. Just to point out bow
preposterous it is, let ne say that the British peopl e who,
over the centuries, have, w th nonunmental patience, taught
thenselves to endure anything at all provided it was "tra-
ditional "-are now sick and tired of their durrency and
are debating converting it to the decimal system (Tley
can't agree on the exact details of the change.)

But consider the British currency as it has been. To
begin with, 4 farthings nmake 1- penny; 12 penni es nake
shilling, and 20 shillings make | pound. In addition, there
is avirtual farrago of terns, if not always actual coins,
such as ha' penni es and t hruppences and si xpences and
crowns and bal f-crowns and florins and gui neas and
heaven knows what ot her devices with which to cripple the
ment al devel opment of the British schoolchild and line the
pockets of British tradesmen whenever tourists cone to
call and attenpt to cope with the currency.

Needl ess to say, Pike gives careful instruction on how
to mani pul ate pounds, shillings, and pence-and very
special instructions they are. Try dividing 5 pounds, 13



shillings, 7 pence by 3. Quick now
In the United States, the noney system as originally
established, is as follows: 10 mills nmake | cent; 10 cents
make | dine; 10 dines make 1 dollar; 10 dollars make
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eagle. Actually, nodern Anericans, in their calcul ations,
stick to dollars and cents only.

The result? Anmerican noney can be expressed in deci-
mal form and can be treated as can any other decimals. An
Ameri can child who has | earned decinmals need only be
taught to recogni ze the dollar sign and he is all set. 1In the
time that he does, a British child has barely mastered the
fact that thruppence ba' penny equals 14 farthings.

VWhat a pity that when, thirteen years later, in 1799, the
metric systemcane into being, our original anti-British,
pro-French feelings had not |lasted just |ong enough to
allow us to adopt it. Had we done so, we would have been
as happy to forget our foolish pecks and ounces, as we are
now happy to have forgotten our pence and shillings.

(After all, would you like to go back to British currency
in preference to our own?)

VWhat | would like to see is one formof noney do for
all the world. Everywhere. Wy not?

| appreciate the fact that | may be accused because of
this of wanting to pour humanity into a nold, and of being
a conformst. O course, | amnot a conform st (heavens!).
I have no objection to | ocal custonms and | ocal dialects

and |local dietaries. |In fact, | insist on themfor | constitute
a locality all by nyself. | just don't want to keep provin-
cialisms that were w "ell enough in their time but that

interfere with human well-being in a world which is now
90 minutes in circunference.
If you think provincialismis cute and gives humanity
color and charm let ne quote to you once nore from Pike.
"Federal Mney" (dollars and cents) had been intro-
duced el even years before Pike's second edition, and he
gi ves the exact wording of the |aw that established it and
di scusses it in detail-under the deci mal system and not
under conpound addition

Natural ly, since other systems than the Federal were

still in use, rules had to be fornulated and gi ven for con-
verting (or "reducing") one systemto another. Here is
the list. | won't give you the actual rules, just the list of
reducti ons that were necessary, exactly as he lists them
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1. To reduce New Hanpshire, Massachusetts,, Rnode
I sl and, Connecticut, and Virginia currency:
1. To Federal Money
2. To New York and North Carolina currency
3. To Pennsylvania, New Jersey, Delaware, and
Maryl and currency
To South Carolina and Georgia currency
To English noney
To Irish noney
To Canada and Nova Scotia currency
To Livres Tounois (French noney)

N0 A



9. To Spanish mlled dollars

1. To reduce Federal Mney to New Engl and and
Vi rginia currency.

[11. To reduce New Jersey, Pennsylvania, Del awnare,
and Maryl and currency:

1. To New Hanpshire, Mssachusetts, Rhode Island,
Connecticut, and Virginia currency
2. To New York and

Oh, the heck with it. You get the idea.

Can anyone possibly be sorry that all that cute provin-
cial flavor has vani shed? Are you sorry that every tine
you travel out of state you don't have to throw yourself
into fits of arithnetical disconfort whenever you want to
make a purchase? O into sinmlar fits every time someone
fromanother state invades yours and tries to dicker with
you? What a pleasure to have forgotten all that.

Then tell me what's so wonderful about having fifty sets
of marriage and di vorce | aws?

In 1752, Great Britain and her col onies (sone two
centuries later than Catholic Europe) abandoned the
Julian cal endar and adopted the astronom cally nore cor-
rect Gregorian cal endar (see Chapter 1). Nearly half a

century later, Pike was still giving rules for solving com
pl ex cal endar-based problenms for the Julian cal endar as
well as for the Gegorian. 1Isn't it nice to have forgotten

the Julian cal endar?
Wuldn't it be nice if we could forget nmost of cal endri -
cal conplications by adopting a rational cal endar that
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would tie the day of the nonth firmy to the day of the
week and have a single three-nonth cal endar serve as a
perpetual one, repeating itself over and over every three
nmont hs? There is a world cal endar proposed whi ch woul d
do just this.

It would enable us to do a |l ot of useful forgetting.

| would like to see the English | anguage conme into
wor | dwi de use. Not necessarily as the only | anguage or

even as the major |anguage. It would just be nice if every-
one-what ever his own | anguage was-coul d al so speak
English fluently. 1t would help in conmunications and per-

haps, eventually, everyone would just choose to speak English.

That woul d save a | ot of roomfor other things.

Why English? Well, for one thing nore people speak
English as either first or second | anguage than any ot her
| anguage on Earth, so we have a head start. Secondly, far
nore science is reported in English than in any other I|an-
guage and it is conmunication in science that is critica
today and will be even nore critical tonorrow

To be sure, we ought to nmake it as easy as possible for
peopl e to speak English, which nmeans we should rational -
ize its spelling and granmar.

English, as it is spelled today, is alnpbst a set of Chinese
i deograms. No one can be sure how a word is pronounced
by | ooking at the letters that make it up. How do you
pronounce: rough, through, though, cough, hiccough, and
| ough; and why is it so terribly necessary to spell all those



sounds with the mad | etter comnbination "ough"?

It | ooks funny, perhaps, to spell the words ruff, throo,
thoh, cawf, hiccup, and | okh; but we already wite hiccup
and it doesn't |ook funny. W spell colour, color, and
centre, center, and shew, show and grey, gray. The result
| ooks funny to a Britisher but we are us 'ed to it. W can
get used to the rest, too, and save a |l ot of wear and tear
on the brain. W would all beconme nore intelligent, if
intelligence is neasured by proficiency at spelling, and we'll
not have | ost one thing.

And grammar? Who needs the eternal hair-splitting
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argunents about "shall" and "will" or "which" and "that"?
The usel essness of it can be denonstrated by the fact

that virtually no one gets it straight anyway. Aside from

| osing valuable tine, blunting a child' s reasoning faculties,
and instilling himor her with a ravening dislike for the
Engli sh | anguage, what do you gai n?

If there be sone who think that such blurring of fine
distinctions will ruin the | anguage, | would |ike to point
out that English, before the grammarians got hold of it,
had managed to lose its gender and its decl ensions al nost
everywhere except among the pronouns. The fact that we
have only one definite article (the) for all genders and
cases and tines instead of three, as in French (le, la, les)
or six, as in CGerman (der, die, das, dem den, des) in no
way blunts the English | anguage, which remains an ad-
mrably flexible instrument. W cherish our follies only
because we are used to them and not because they are not
really follies.

We nust nmake room for expandi ng know edge, or at
| east make as much room as possible. Surely it is as im
portant to forget the old and useless as it is to learn the
new and i nportant.

Forget it, | say, forget it nore and nore. Forget it!

But why am | getting so excited? No one is listening to
a word | say.
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12.  NOTH NG COUNTS

In the previous chapter, | spoke of a variety of things;
among them Roman nunerals. These seem even after five
centuries of obsol escence, to exert a peculiar fascination
over the inquiring mnd.

It is ny theory that the reason for this is that Roman
nuneral s appeal to the ego. Wen one passes a corner-



stone which says: "Erected MCMXVIII," it gives one a
sensation of power to say, "Ah, yes, nineteen eighteen" to
one's self. \hatever the reason, they are worth further

di scussi on.

The notion of nunmber and of counting, as well as the
names of the smaller and nore-often-used nunbers, date
back to prehistoric times and | don't believe that there is a
tribe of hunman beings on Earth today, however primtive,
that does not have sone notion of nunber.

Wth the invention of witing (a step which marks the
boundary |ine between "prehistoric" and "historic"), the
next step had to be taken-nunbers had to be witten.

One can, of course, easily devise witten synbols for the
words that represent particular nunbers, as easily as for
any other word. In English we can wite the nunber of
fingers on one hand as "five" and the number of digits on
all four linbs as "twenty."

Early in the game, however, the kings' tax-collectors,
chroniclers, and scribes saw that nunbers bad t-he pe-
culiarity of being ordered. There was one set way of count-

i ng nunbers and any nunber coul d be defined by counting
up to it. Therefore why not make marks which need be
counted up to the proper number.
Thus, if we let "one" be represented as

and "two" as
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and "three" as "', we can then work out the nunber
i ndi cated by a given synbol w thout trouble. You can see,
for instance, that the synbol stands for

"twenty-three." What's nore, such a synbol is universal
VWat ever | anguage you count in, the synbol stands for
the nunber "twenty-three" in whatever sound your par-
ticul ar | anguage uses to represent it.
It gets hard to read too many narks in an unbroken row,
so it is only natural to break it up into smaller groups. |If
we are used to counting on the fingers of one hand, it
seenms natural to break up the marks into groups of five.

"Twenty-three" then becomes ""' @" 'if" fl@f "f. |If we are
nore sophisticated and use both hands in counting, we
would wite it fl"pttflf “//. 1If we go barefoot and use

our toes, too, we mght break nunbers into twenties.

Al'l three nmethods of breaki ng up number symbols into
nore easily handl ed groups have left their mark on the
various nunber systens of mankind, but the favorite was
division into ten. Twenty synbols in one group are, on the
whol e, too nmany for easy grasping, while five synbols in
one group produce too many groups as nunbers grow
larger. Divisioninto ten is the happy conpronise.

It seens a natural thought to go on to indicate groups of
ten by a separate mark. There is no reason to insist on
witing out a group of ten as Ifillittif every tine, when a
separate mark, let us say -, can be used for the purpose.
In that case "twenty-three" could be witten as -- "'

Once you've started this way, the next steps are clear
By the time you have ten groups of ten (a hundred), you
can introduce anot her synbol, for instance +. Ten hun-
dreds, or a thousand, can beconme = and so on. In that
case, the nunber "four thousand six hundred seventy-five"



can be witten ==== ++++++

To make such a set of synbols nore easily graspabl e,
we can take advantage of the ability of the eye to forma
pattern. (You know how you can tell the nunmbers displ ayed
by a pack of cards or a pair of dice by the pattern itself.)
W could therefore wite "four thousand six hundred sev-
enty-five" as
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And, as a matter of fact, the ancient Babyl oni ans used
just this systemof witing nunbers, but they used cunei-
formwedges to express it.

The Greeks, in the earlier stages of their devel opnent,
used a systemsinilar to that of the Babyl onians, but in
later tinmes an alternate method grew popul ar. They nade
use of another ordered systemthat of the letters of the
al phabet .

It is natural to correlate the al phabet and the nunber
system W are taught both about the same time in child-
hood, and the two ordered systens of objects naturally tend
to match up. The series "ay, bee, see, dee . " cones as
glibly as "one, two, three, four " and there is no dif-
ficulty in substituting one for the other

If we use undifferentiated synbols such as for
ggseven," all the conponents of the synbol are identical. and
all nust be included w thout exception if. the synbol is to
nmean "seven" and nothing else. On the other hand, if
"A BCDEFG' stands for "seven" (count the letters and
see) then, since each synbol is different, only the | ast need
be witten. You can't confuse the fact that Gis the seventh
letter of the al phabet and therefore stands for "seven." In
this way, a one-conponent synbol does the work of a
seven- conponent synbol. Furthernore, "" (six) |ooks
very much like """' (seven); whereas F (six) |ooks n6th-
ing at all like G (seven).

The Greeks used their own al phabet, of course, but let's
use our own al phabet here for the conpl ete denonstration
A =one, B=tw, C=three, D= four, E Five, F
six, G = seven, H=eight, | = nine, and J = ten

We could let the letter K go on to equal "eleven," but
at that rate our al phabet will only help us up through
"twenty-six." The Greeks had a better system The Baby-
| oni an notion of groups of ten had left its mark. If J ten,
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then J equals not only ten objects but also one group of
tens. Wiy not, then, continue the next letters as nunbering
groups of tens?

In other words J = ten, K twenty, L =thirty, M=
forty, N=fifty, 0 = sixty, P seventy, Q = eighty, R =
ninety. Then we can go on to nunber groups of hundreds:

S one hundred, T = two hundred, U = three hundred,
\Y, four hundred, W= five hundred, X = six hundred,
Y seven hundred, Z = eight hundred. It would be con-
venient to go on to nine hundred, but we have run out of
letters. However, in old-fashioned al phabets the anper-
sand (& was sonetimes placed at the end of the al phabet,



SO0 we can say that & = nine hundred.

The first nine letters, in other words, represent the units
fromone to nine, the second nine letters represent the tens
groups fromone to nine, the third nine letters represent
the hundreds groups fromone to nine. (The G eek al pha-
bet, in classic tinmes, had only twenty-four letters where
twenty-seven are needed, so the G eeks made use of three
archaic letters to fill out the list.)

Thi s system possesses its advantages and di sadvant ages
over the Babyl onian system One advantage is that any
nunber under a thousand can be given in three synbols.

For instance, by the system| have just set up with our
al phabet, six hundred seventy-five is XPE, while eight hun-
dred sixteen is ZJF.

One di sadvantage of the Greek system however, is that
the significance of twenty-seven different synmbols nust be
carefully nenorized for the use of nunbers to a thousand,
whereas in the Babyl onian systemonly three different sym
bol s must be nenori zed.

Furt hernmore, the Greek systemcofnes to a natural end
when the letters of the al phabet are used up. N ne hun-
dred ninety-nine (&I) is the largest number that can be
witten without introducing special markings to indicate
that a particular synmbol indicates groups of thousands,
tens of thousands, and so on. | wll get back to this later

A rather subtle disadvantage of the G eek system was
that the sane synbols were used for nunbers and words
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so that the nmind could be easily distracted. For instance,
the Jews of Graeco-Roman tines adopted the G eek sys-

tem of representing nunbers but, of course, used the He-

brew al phabet-and pronptly ran into a difficulty. The

nunber "fifteen" would naturally be witten as "ten-five."

In the Hebrew al phabet, however, "ten-five" represents a
short version of the ineffable name of the Lord, and the
Jews, uneasy at the sacrilege, allowed "fifteen" to be repre-
sented as "nine-six" instead.

Wirse yet, words in the G eek-Hebrew system | ook Iike
nunbers. For instance, to use our own al phabet, WRA is
"five hundred ninety-one." In the al phabet systemit doesn't
usual ly matter in which order we place the synbols though
as we shall see, this cane to be untrue for the Roman
nuneral s, which are al phabetic, and WAR al so neans "five
hundred ni nety-one." (After all, we can say "five hundred
one-and-ninty" if we wish.) Consequently, it is easy to be-
lieve that there is something warlike, martial, and of om -
nous inport in the nunber "five hundred ninety-one."

The Jews, poring over every syllable of the Bible in
their effort to copy the word of the Lord with the exactness
that reverence required, saw nunbers in all the words, and
in New Testanent tines a whole system of mysticismrose
over the nunerical interrelationships within the Bible. This
was the nearest the Jews cane to mathematics, and they
called this nunbering of words gematria, which is a distor-'
tion of the Greek geonmetria. W now call it "numerology."

Sone poor souls, even today, assign nunbers to the dif-
ferent letters and deci de which names are |ucky and which



unl ucky, and whi ch boy should marry which girl and so
on. It is on'e of the nore | aughabl e pseudo-sci ences.

In one case, a piece of gematria had repercussions in
later history. This bit of gematria is to be found in "The
Revel ation of St. John the Divine," the |ast book of the
New Test ament-a book which is witten in a nystica
fashion that defies literal understanding. The reason for
the lack of clarity seenms quite clear to ne. The author of
Revel ati on was denounci ng the Ronan governnment and
was |l aying hinmself open to a charge of treason and to sub-
sequent crucifixion if he made his words too clear. Conse-
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guently, he made an effort to wite in such a way as to be
perfectly clear to his "in-group"” audi ence, while remaining
conpl etely meani ngl ess to the Ronan authorities.

In the thirteenth chapter he speaks of beasts of diaboli -
cal powers, and in the eighteenth verse he says, "Here is
wi sdom Let himthat hath understandi no, count the nunber
of the beast: for it is the nunber of a man; and his nunber
is Six hundred three-score and six."

Clearly, this is designed not to give the pseudo-science
of gematria holy sanction, but nerely to serve as a guide
to the actual person nmeant by the obscure imgery of the
chapter. Revelation, as nearly as is known, was witten
only a few decades after the first great persecution of Chris-
tians under Nero. |If Nero's name ("Neron Caesar") is
witten in Hebrew characters the sum of the nunbers rep-
resented by the individual letters does indeed conme out to
be six hundred sixty-six, "the nunmber of the beast."

O course, other interpretations are possible. 1In fact, if
Revel ation is taken as having significance for all tine as
well as for the particular time in which it was witten, it
may al so refer to some anti-Christ of the future. For this
reason, generation after generation, people have nmade at-
tenmpts to show that, by the appropriate ju-glings of the
spelling of a name in an appropriate | anguage, and by the
appropriate assignnent of nunbers to letters, some par-
ticul ar personal enemy could be made to possess the num
ber of the beast.

If the Christians could apply it to Nero, the Jews them
selves mght easily have applied it in the next century to
Hadrian, if they had wi shed. Five centuries later it could be
(and was) applied to Mohamed. At the time of the Ref-
ormation, Catholics calculated Martin Luther's nane and
found it to be the nunber of the beast, and Protestants re-
turned the conplinment by making the sane discovery in
the case of several popes.

Later still, when religious rivalries were replaced by na-
tionalistic ones, Napol eon Bonaparte and WIlliam 11 were
appropriately worked out. Wsat's nore, a few minutes
work with my own system of al phabet-nunbers shows ne
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that "Herr Adolif Hitler" has the nunber of the beast. (
need that extra "I" to make it work.)

The Roman system of nunmber symbols had simlarities



to both the G eek and Babyl oni an systens. Like the
Greeks, the Romans used letters of the al phabet. However
they did not use themin order, but use just a few letters
whi ch they repeated as often as necessary-as in the Baby-

| oni an system Unli ke the Babyl oni ans, the Romans did

not invent a new synbol for every tenfold increase of
nunber, but (nore primtively) used new synbols for
fivefold increases as well.

"Thus, to begin with, the symbol for "one" is 1, and
"two," "three," and "four," can be witten II, IIl, and
Piii.

The synbol for five, then, is not 11111, but V. People
have amused thensel ves no end trying to work out the
reasons for the particular letters chosen as synbols, but
there are no explanations that are universally accepted.
However, it is pleasant to think that | represents the up-
held fin-er and that V mght synbolize the hand itself
with all five fingers-one branch of the V would be the out-
hel d thunb, the other, the remaining fingers. For "six,"
11 seven,"” "eight,"” and "nine," we would then have VI, VI
"MIIl, and VI111

For "ten" we would then have X, which (sonme peo-
pl e think) represents both hands held wist to wist.
"Twenty-three" would be XXIIl, "forty-eight" would be
XXXXVIT1, and so on

The synbol for "fifty" is L, for "one hundred" is C, for
"five hundred" is D, and for "one thousand" is M The C
and M are easy to understand, for Cis the first letter of
centum (meani ng "one hundred") and Mis the first letter
of rnille (one thousand).

For that very reason, however, those synbols are sus-

picious. As initials they may have cone to oust the origina

| ess-neani ngful synbol s for those nunmbers. For instance,

an alternative synmbol for "thousand" | ooks sonething Iike

this (1). Half of a thousand or "five hundred" is the right
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hal f of the symbol, or (1), and this may have been con-
verted into D. As for the L which stands for "fifty," | don't
know why it is used.

Now, then, we can wite nineteen sixty-four, in Roman
nuneral s, as follows: NMDCCCCLXIIII

One advantage of witing nunbers according to this sys-
temis that it doesn't matter in which order the nunbers
are witten. |If | decided to wite nineteen sixty-four as
CDCLIIT MXCICT, it would still represent nineteen sixty-
four if I add up the nunmber val ues of each letter. However,
it is not likely that anyone would ever scranble the letters
in this fashion. |If the letters were witten in strict order
decreasing value, as |I.did the first tine, it would then be
much sinpler to add the values of the letters. And, in fact,
this order of decreasing value is (except for special cases)
al ways used.

Once the order of witing the letters in Roman nuneral s
is made an established convention, one can make use of
deviations fromthat set order if it will help sinplify nat-
ters. For instance, suppose we decide that when a synbol
of smaller value follows one of |arger value, the two are
added; while if the synbol of snaller val ue precedes one of

of



| arger value, the first is subtracted fromthe second. Thus
VI is "five" plus "one" or "six,"'" while IVis "five" m nus
"one" or "four." (One might even say that IIVis "three,"
but it is conventional to subtract no nore than one sym
bol.) In the same way LX is "sixty" while XL is "forty"
CX is "one hundred ten,” while XCis "ninety"; MCis
44 one thousand one hundred,” while CMis "nine hundred."
The value of this "subtractive principle" is that two sym
bol s can do the work of five. Wy wite VIIII il you can
wite I X; or DCCCCif you can wite CM? The year nine-
teen sixty-four, instead of being witten MDCCCCLXII I
(twel ve synbols), can be witten MC@IV (seven sym
bols). On the other hand, once you make the order of
witing letters significant, you can no | onger scranble
them even if you wanted to. For instance, if MCMXIV is
scranbled to MMCLXVI it beconmes "two thousand one
hundred sixty-six."
The subtractive principle was used on and off in ancient
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times but was not regularly adopted until the M ddle Ages.
One interesting theory for the delay involves the sinplest
use of the principle-that of IV ("four"). These are the
first letters of IVPITER the chief of the Roman gods, and
the Romans nmay have had a delicacy about witing even

the begi nning of the name. Even today, on cl ockfaces bear-
ing Roman nunerals, "four" is represented as 1111 and

never as IV. This is not because the cl ockf ace does not ac-
cept the subtractive principle, for "nine" is represented as
I X and never as VIIII

Wth the synbol s already, given, we can go up to the
nunber "four thousand ni ne hundred ni nety-nine" in Ro-
man nunerals. This woul d be MVMVDCCCCLXXXX-

VIIIl or, if the subtractive principle is used " MW
CMXCI X.  You night suppose that "five thousand" (the

next number) could be witten MMWWMM but this is not

quite right. Strictly speaking, the Roman system never re-
quires a synbol to be repeated nore than four times. A new
synmbol is always invented to prevent that: 11111 = V;

XXXXX = L; and CCCCC = D. Well, then, what is

MVIVIVIV?

No | etter was deci ded upon for "five thousand." In an-
cient times there was little need in ordinary life for num
bers that high. And if scholars and tax collectors had oc-
casion for larger nunbers, their systens did not percolate
down to the comon nan.

One nethod of penetrating to "five thousand® and be-
yond is to use a bar to represent thousands. Thus, V would
represent not "five" but "five thousand." And sixty-seven
thousand four hundred ei ghty-two would be LX-VIICD
LXXXI | .

But anot her nmethod of witing | arge nunbers harks back
to the primtive synbol (1) for "thousand." By adding to
the curved lines we can increase the nunber by ratios of
ten. Thus "ten thousand" woul d be (1) ), and "one
hundred t housand" woul d be (1) Then just as
"five hundi 7ed" was 1) or D, "five thousand" woul d be
1) ) and "fifty thousand"” would be I) ) ).

Just as the Romans nmade special marks to indicate tbou-



sands, so did the Greeks. What's nore, the G eeks nade
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special marks for ten thousands and for mllions (or at
| east sone of the G eek witers did). That the Romans
didn't carry this to the logical extreme is no surprise. The
Romans prided thenmsel ves on being non-intellectual. That
the Greeks nmissed it al so, however, will never cease to
astoni sh ne.

Suppose that instead of making special marks for |arge
nunbers only, one were to nmake special marks for every

type of group fromthe units on. If we stick to the system|l
i ntroduced at the start of the chapter-that is, the one in
which ' stands for units, - for tens, + for hundreds, and =

for thousands-then we could get by with but one set of
nine syrrbols. W could wite every nunber with a little
headi ng, marking off the type of groups -+-'. Then for
"two thousand five hundred ei ghty-one" we could get by

with only the letters fromAto |l and wite it GEHA. What's
nore, for "five thousand five hundred fifty-five" we could

wite EEEE. There would be no confusion with all the E s,
since the synbol above each E would indicate that one was
a "five," another a "fifty," another a "five hundred," and
another a "five thousand." By using additional synbols for
ten thousands, hundred thousands, millions, and so on
any nunber, however |arge, could be witten in this sane
fashi on.

Yet it is not surprising that this would not be popul ar
Even if a G eek had thought of it he would have been re-
peucd by the necessity of witing those tiny synmbols. 1In an
age of band-copyi ng, additional synbols neant additi onal
| abor and scribes would resent that furiously.

O course, one mght easily decide that the synbols
weren't necessary. The G oups, one could agree, could al-
ways be witten right to left in increasing values. The units
woul d be at the right end, the tens next on the left, the hun-
dreds next, and so on. In that case, BEHA would be "two
t housand five hundred ei ghty-one" and EEEE woul d be
"five thousand five hundred fifty-five" even without the little
synbol s on top.
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Here, though, a difficulty would creep in. Wat if there
were no groups of ten, or perhaps no units, in a particular
nunber? Consi der the number "ten" or the nunber "one
hundred and one." The former is nade up of one group of
ten and no units, while the latter is nade up of one group
of hundreds, no groups of tens, and ont unit. Using sym

bol s over the columms, the nunbers could be witten A and

A A but now you would not dare leave out the little sym
bols. If you did, how could you differentiate A nmeani ng
“"ten" from A neani ng "one" or AA neaning "one hun-

dred and one" from AA neaning "el even" or AA neaning
"one hundred and ten"?



You nmight try to |l eave a gap so as to indicate "one hun-
dred and one" by A A But then, in an age of hand-copy-
i ng, how quickly would that becone AA, or, for that mat-
ter, how quickly nmight AA becone A A? Then, too, how
woul d you indicate a gap at the end of a symbol? No, even
if the Greeks thought of this system they nust obviously
have come to the conclusion that the existence of gaps in
nunbers nmade this attenpted sinplification inpractical
They decided it was safer to let J stand for "ten" and SA
for "one hundred and one" and to Hades with little sym
bol s.

VWhat no G eek ever thought of-not even Archi nedes
hi nsel f-was that it wasn't absolutely necessary to work
with gaps. One could fill the gap with a symbol by letting
one stand for nothing-for "no groups." Suppose we use $
as such a synbol. Then, if "one hundred and one",is nade
up of one group of hundreds, no groups of tens, an one

+ -
unit, it can be witten ASA. |If we do that sort of thing, al
gaps are elimnated and we don't need the little synbols
on top. "One" becomes A "ten" becormes A$, "one hun-
dred" becones A$$, "one hundred and one" becones
A$A, "one hundred and ten" becones AA$, and so on
Any nunber, however | arge, can be witten with the use of
exactly nine letters plus a synmbol for nothinc,
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Surely this is the sinplest thing in the world-after you
think of it.

Yet it took nen about five thousand years, counting
fromthe begi nning of nunmber symbols, to think of a sym
bol for nothing. The man who succeeded (one of the npst
creative and original thinkers in history) is unknown. W
know only that he was sone Hi ndu who lived no | ater
than the ninth century.

The Hi ndus call ed the synbol sunyo, neaning "enpty."
Thi s synmbol for nothing was picked up by the Arabs, who
termed it sifr, which in their [ anguage nmeant "enpty." This
has been distorted into our own words "cipher" and, by
way of zefirum into "zero."

Very slowy, the new svstem of nunerals (called "Ara-
bi ¢ numeral s" because the Europeans | earned of them from
the Arabs) reached the West and replaced the Ronan sys-
tem

Because the Arabic nunerals cane from | ands which
did not use the Ronman al phabet, the shape of the nunerals
was nothing like the letters of the Ronan al phabet and
this was good, too. It rerroved word-nunber confusion
and reduced gematria fromthe everyday occupation of
anyone who could read, to a burdensonme folly that only a
few woul d wi sh to bother with.

The Arabic nuneral s as now used by us are, of course,

1, 2, 3, 4, 5, 6, 7, 8 9, and the all-inportant 0. Such is
our reliance on these numerals (which are internationally
accepted) that we are not even aware of the extent to which
we rely on them For instance, if this chapter has seened
vaauel y queer to you, perhaps it was because | had delib-
eratclv refrained fromusing Arz.bic nunerals all through
We ail know the great sinplicity Arabic nuneral s have



lent 'Lo arithmetical conputation. The unnecessary | oad

they took off the human mind, all because of the presence

of t' e zero, is sinmply incalculable. Nor has this fact gone

unnot.ccd in the Engl'sh |l anguage. Tle inportance of the

zero is reflected in the fact that when we work out an

arithmetical conputation we are (to use a termnow slightly
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ol d-fashi oned) "ciphering." And when we work out sone
code, we are "deciphering" it.

So if you ook once nore at the title of this chapter, you
will see that | amnot being cynical. | nean it literally.
Not hi ng counts! The synbol for nothing nakes all the dif-
ference in the world.
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13. C FOR CELERI TAS

If ever an equation has conme into its own it is Ein stein's
e = nt 2. Everyone can rattle it off now, fromthe highest
to the lowest; fromthe rarefied intellectual height of the
sci ence-fiction reader, through nucl ear physicists, college
students, newspapers reporters, housew ves, busboys, al
the way down to congressnen.

Rattling it off is not, of course, the same as understand-
ing it; any nore than a quick paternoster (from which, in-
cidentally, the word "patter” is derived) is necessarily evi-
dence of deep religious devotion

So let's take a | ook at the equation. Each letter is the
initial of a word representing the concept it stands for
Thus, e is the initial letter of "energy" and mof "nass."
As for c, that is the speed of light in a vacuum and if you
ask why c, the answer is that it is the initial letter of celeri-
tas, the Latin word neaning "speed."

This is not all, however. For any equation to have nean-
ing in physics, there must be an understanding as to the
units being used. It is meaningless to speak of a nass of
2.3, for instance. It is necessary to say 2.3 grans or 2.3

pounds or 2.3 tons; 2.3 alone is worthless.

Theoretically, one can choose whatever units are nost
convenient, but as a matter of convention, one system used
in physics is to start with "grans" for nass, "centineters"
for distance, and "seconds" for time; and to build up, as
far as possible, other units out of appropriate comnbinations
of these three fundanental ones.

Therefore, the min Einstein's equation is expressed in
granms, abbreviated gm The c represents a speed-that is,

a distance traveled in a certain time. Using the fundanental
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units, this nmeans the nunber of centimeters traveled in a
certai n nunber of seconds. The units of ¢ are therefore
centinmeters per second, or cm sec.

(Notice that the word "per" is represented by a fraction
line. The reason for this is that to get a speed represented
in lowest terns, that is, the nunber of centimeters travel ed
in one second, you nust divide the nunber of centineters

travel ed by the nunber of seconds of traveling. _If you
travel 24 centinmeters in 8 seconds, your speed is 24 centi -
meters -- 8 seconds, or 3 cnisec.)

But, to get back to our subject, c occurs as its square in
the equation. If you multiply ¢ by ¢, you get C2. It is, how
ever, insufficient to multiply the nunerical value of ¢ by it-
self. You rmust also multiply the unit of c¢ by itself.

A common exanple of this is in connection with neas-
urements of area. |If you have a tract of land that is 60 feet
by 60 feet, the area is not 60 x 60, or 3600 feet. It is 60
feet x 60 feet, or 3600 square feet.

Simlarly, in dealing with C2, you nust nultiply cm sec
"by cmsec and end with the units CV2 /seC2 (which can be
read as centineters squared per seconds squared).

The next question is: What is the unit to be used for e?
Einstein's equation itself will tell us, if we remenber to
treat units as we treat any ot her al gebraic synbols. Since
e =nc 2, that nmeans the unit of e can be obtained by ml -
tiplying the unit of mby the unit O C2. Since the unit of m
is gmand that of c2 is Cv /seC2, the unit of e is gmx
Cv2/seC2. In algebra we represent a x b as ab; conse-
guently, we can run the multiplication sign out of the unit
of e and make it sinmply gm Cwve/ SCC2 (which is read "gram
centi meter squared per second squared).

As it happens, this is fine, because |ong before Einstein
wor ked out his equation it had been deci ded that the unit
of energy on the gramcentineter-second basis had to be
gm CVM2 /seC2. I'lIl explain why this should be.

The unit of speed is, as | have said, cnisec, but what
happens when an obj ect changes speed? Suppose that at a
given instant, an object is traveling at 1 cmsec, while a
second later it is travelling at 2 cnisec; and anot her second
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later it is traveling at 3 cmsec. It is, in other words,
celeratin " (also fromthe Latin word celeritas).
9

In the case |I've just cited, the acceleration is 1 centi-
nmet er per secondevery second, since each successive sec-
ond it is going | centineter per second faster. You m ght
say that the acceleration is | eml sec per second. Since we
are letting the word "per" be represented by a fraction
mark, this may be represented as 1 cni sec/sec.

As | said before, we can treat the units by the sane
mani pul ati ons used for al gebraic synbols. An expression
like alblb is equivalent to alb b, which is in turn equiva-
lent to alb x Ilb, which is in turn equivalent to alb2. By
the sane reasoning, | cmsec/sec is equivalent to 1 cmf
seC2 and it is CMSCC2 that is therefore the unit of accelera-

ac-



tion.

A "force" is defined, in Newtonian physics, as sone-
thing that will bring about an acceleration. By Newton's
First Law of Mdtion any object in nmotion, left to itself,
will travel at constant speed in a constant direction forever.
A speed in a particular direction is referred to as a t'vel oc-
ity," so we might, nore sinply, say that an object in no-

tion, left toitself, will travel at constant velocity forever.
This velocity may well be zero, so that Newton's First'Law
al so says that an object at rest, left toitself, will remain at

rest forever.

As soon as a force, which may be gravitational, electro-
magneti c, nechanical, or anything, is applied, however,
the velocity is changed. This nmeans that its speed of travel
or its direction of travel or both is changed.

The quantity of force applied to an object is nmeasured
by the ampunt of acceleration induced, and al so by the
mass of the object, since the force applied to a massive ob-
ject produces | ess acceleration than the sane force applied
to a light object. (If you want to check this for yourself,
ki ck a beach ball with all your m ght and watch it accel -
erate fromrest to a good speed in a very short tine. Next
ki ck a cannon ball with all your m ght and observe-while
hoppi ng i n agony-what an uni npressi ve accel erati on you
have inmparted to it.)

164

to assure yourself, first, of a supply of nine hundred quin-
tiflion ergs.

Thi s sounds inpressive. N ne hundred quintillion ergs,
wow

But then, if you are cautious, you night stop and think
An erg is an unfamiliar unit. How large is it anyway?

After all, in Al Capp's Lower Slobbovia, the sumof a
billion slobniks sounds like a lot-until you find that the rate
of exchange is ten billion slobniks to the dollar

So-How | arge is an erg?

Well, it isn't large. As a matter of fact, it is quite a small
unit. It is forced on physicists by the lo 'c of the gramcen-
91
timeter-second systemof units, but it ends in being so snall
a unit as to be scarcely useful. For instance, consider the

task of lifting a pound wei ght one foot against gravity.
That's not difficult and not much energy is expended. You
could probably lift a hundred pounds one foot w thout
conpletely incapacitating yourself. A professional strong
man could do the sane for a thousand pounds.

Nevert hel ess, the energy expended in lifting one pound
one foot is equal to 13,558,200 ergs. Obviously, if any
trifling bit of work is going to involve ergs in the tens of
mllions, we need other and larger units to keep the nu-
merical values conveniently | ow

For instance, there is an energy unit called a joule, which
is equal to 10, 000, 000 ergs.

This unit is derived fromthe name of the British physi-
cist Janes Prescott Joule, who inherited wealth and a brew
ery but spent his tine in research. From 1840 to 18 9 e
ran a series of neticul ous experinments whi ch denonstrat ed



concl usively the quantitative interconversion of heat and
wor k and brought physics an understanding of the | aw of
conservation of energy. However, it was the ernman sci-
entist Hermann Ludwi g Ferdi nand von Hel nmholtz who first
put the law into actual words in a paper presented in 1847,
so that he consequently gets formal credit for -,the discov-
ery.

(The word "joule," by the way, is nbost comonly pro-
nounced "jow ," although Joule hinself probably pro-
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nounced his name "jool." In any case, | have heard over-
preci se people pronounce the word "zhool" under the im
pression that it is a French word, which it isn't. These are
the sane peopl e who pronounce "centigrade" and "centri -
fuge" with a strong nasal twang as "sontigrade" and "son-
trifugp,," under the inpression that these, too, are French
words. Actually, they are fromthe Latin and no pseudo-
French pronunciation is required. There is sone justifica-
tion for pronouncing "centineter" as "sontinmeter," since
that'is a French word to begin with, but in that case one
shoul d either stick to English or go French all the way and
pronounce it "sontinettre,”" with a |ight accent on the third
syl lable.)

Anyway, notice the useful ness of the joule in everyday
affairs. Lifting a pound nass a distance of one foot agai nst
gravity requires energy to the anount, roughly, of 1.36
joul es-a nice, convenient figure.

Meanwhi | e, physicists who were studyi ng heat had in-
vented a unit that would be convenient for their purposes.
This was the "calorie" (fromthe Latin word col or neani ng
"heat"). It can be abbreviated as cal. A calorie is the
amount of heat required to raise the tenperature of | gram
of water from14.5 C to 15.5 C (The anount of heat
necessary to raise a gram of water one Cel sius degree varies
slightly for different tenperatures, which is why one nust
carefully specify the 14.5 to 15.5 business.)

Once it was denonstrated that all other forns of energy
and all forms of work can be quantitatively converted to
heat, it could be seen that any unit that was suitable for
heat woul d be suitable for any other kind of energy or
wor k.

By actual nmeasurement it was found (by Joule) that
4.185 joul es of energy or work could be converted into pre-
cisely | calorie of heat. Therefore, we can say that | ca
equal s 4.185 joul es equal s 41, 850, 000 ergs.

Al'thouo the calorie, as defined above, is suitable for
physicists, it is alittle too snmall for chem sts. Chemical re-
actions usually rel ease or absorb heat in quantities that,

168

under the conventions used for chenical calcul ations, re-
sult in nunbers that are too large..For instance, | gram of

, carbohydrate burned to carbon di oxi de and water (either

in a furnace or the human body, it doesn't matter) |iberates
roughly 4000 calories. A gramof fat woul d, on burning,

i berate roughly 9000 cal ories. Then again, a human bei ng,



doi ng the kind of work I do, would use up about 2,500,000
cal ori es per day.

The figures would be nmore convenient if a larger unit
were used, and for that purpose a larger calorie was in-
vented, one that woul d represent the anount of heat re-
quired to raise the tenperature of 1000 granms (1 kil o-
gram) of water from14.50 C to 15.5 C. You see, | sup-
pose, that this larger calorie is a thousand times as great as
the smaller one. However, because both units' are called

calorie,” no end of confusion has resulted.

Sonetimes the two have been distinguished as "smal |
calorie" and "large calorie"; or "gramcalorie" and "kil o-
gramcalorie"; or even "calorie" and "Calorie." (The | ast
alternative is a particularly stupid one, since' in speech-
and scientists nust occasionally speak-there is no way of
di stingui shing a C and a ¢ by pronunci ation al one.)

My idea of the nost sensible way of handling the matter
isthis: Inthe netric system a kilogramequals 1000
granms; a kilonmeter equals 1000 neters, and so on. Let's
call the large calorie a kilocalorie (abbreviated kcal) and
set it equal to 1000 cal ori es.

In sumary, then, we can say that 1 kcal equals 1000
cal or 4185 joul es or 41,850,000, 000 ergs.

Anot her type of energy unit arose in a roundabout way,
via the concept of "power." Power is the rate at which
work is done. A machine might lift a ton of mass one foot
agai nst gravity in one mnute or in one hour. |In each case
the energy consuned in the process is the sane, but it takes
a nore powerful heave to lift that ton in one minute than
in one hour.

To rai se one pound of mass one foot against gravity
takes one foot-pound (abbreviated | ft-1b) of energy. To
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expand that energy in one second is to deliver 1 foot-
pound per second (1 ft-lb/sec) and the ft-lb/sec is there-
fore a perm ssible unit of power.

The first man to nmake a serious effort to nmeasure power
accuratel was Janes Watt (1736-1819). He conpared

y

t he power of the steam engi ne he had devised with the
power delivered by a horse, thus nmeasuring his machine's
rate of delivering energy in horsepower (or hp). |In doing
so, he first measured the power of a horse in ft-1b/sec and
decided that | hp equals 550 ft-Ib/sec, a conversion figure
whi ch is now standard and of fici al

The use of foot-pounds per second and horsepower is
perfectly legitimate and, in fact, autonobile and airpl ane
engi nes have their power rated in horsepower. The trouble
with these units, however, is that they don't tie in easily
with the gramcentineter-second system A foot-pound is
1. 355282 joules and a horsepower is 10.688 kil ocalories
per mnute. These are inconvenient nunbers to deal wth.

The ideal amcentineter-second unit of power woul d
be ergs per on@ (erg/sec). However, since the erg is
such a small unit, it is nore convenient to deal with joules
per second (joule/sec). And sincel joule is equal to 10, -
000, 000 ergs, 1 joulel/sec equals 10,000,000 erg/sec, or



10, 000, 000 gM CM2/ sec3.

Now we need a monosyllable to express the unit joul e/
see, and what better monosyll able than the nonosyl |l abic
nane of the gentleman who first tried to measure power.

So 1 joule/sec was set equal to 1 watt. The watt nay be
defined as representing the delivery of | joule of energy per
second.

Now i f power is nultiplied by tine, you are back to
energy. For instance, if 1 watt is nultipled by 1 second, you
have | watt-sec. Since 1 watt equals 1 joule/sec, 1 watt-sec
equal s | joule/sec x see, or | joule sec/sec. The sees can-
cel as you would expect in the ordinary al gebraic nani pu-
lation tG which units can be subjected, and you end with
the statement that | watt-sec is equal to 1 joule and is,
therefore, a unit of energy.

A larger unit of energy of this sort is the kilowatt-, hour

170

(or kwhr). A kilowatt is equal to 1000 watts and an hour
-is equal to 3600 seconds. Therefore a kw-hr is equal to
1000 x 3600 watt-sec, or to 3,600,000 joules, or to 36, -
000, 000, 000, OO ergs.

Furt hernmore, since there are 4185 joules in a kilocalorie
(kcal), 1 kwhr is equal to 860 kcal or to 860,000 cal

A human being who is living on 2500 kcal /day is de-
livering (in the formof heat, eventually) about 104 kcal/
hr, which is equal to 0.120 kw hr/hr or 120 watts. Next
tirhe you're at a crowded cocktail party (or a crowded sub-
way train or a crowded theater audi ence) on a hot evening
in August, think of that as each additional person wal ks in.
Each entrance is equivalent to turning on another one hun-
dred twenty-watt electric bulb. It will make you feel a |ot
hotter and hel p you appreciate the new |ight of understand-
ing that science brings.

But back to the subject. Now, you see, we have a variety
of units into which we can translate the anount of energy
,resulting fromthe conplete conversion of | gram of mass.
That gram of mass will |iberate:

900, 000, 000, 000, 000, 000, 000 ergs,

or 90, 000, 000, 000, 000 j oul es,

or 21, 500, 000, 000, 000 cal ori es,

or 21, 500, 000 000 kil ocal ori es,
'600 kil owatt-hours.

or 25, 000,

VWi ch brings us to the conclusion that although the erg
is indeed a tiny unit, nine hundred quintillion of themstil
mount up nost inmpressively. Convert a mere one gram of
mass into energy and use it with perfect efficiency and you
can keep a thousand-watt electric light bulb running for
25, 000, 000 hours, which is equivalent to 2850 years, or
the tinme fromthe days of Honer to, the present.

How s that for solving the fuel problen?

We could work it the other way around, too. W might
ask: How much mass need we convert to produce | kil o-
watt - hour oi energy?
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Wwell, if I gram of nass produces 25,000, 000 kil owatt -
hours of energy, then 1 kilowatt-hour of energy is produced
by 1/25, 000, 000 gram

You can see that this sort of calculation is going to take
us into small mass units indeed. Suppose we choose a unit
smal l er than the gram say the microgram This is equal to
amllionth of a gram i.e., 10-11 gram W can then say
that | kilowatt-hour of energy is produced by the conver-
sion of 0.04 mcrograns of mass.

Even the microgramis an inconveniently large unit of
mass if we become interested in units of energy smaller
than the kilowatt-hour. W could therefore speak of a
m crom crogram (or, as it is now called, a picogramj. This

isamllionth of a mllionth of a gram (10-12 gram or a
trillionth of a gram Using that as a unit, we can say that:
1 kilowatt-hour is equivalent to 40,000 pi cogr ans
| kilocalorie fl, 46.5
1 calorie 0. 0465
1 joule 0. 0195
| erg 0. 00000000195
To give you sone idea of what this means, the mass of
a typical human cell is about 1000 picograns. |f, under

conditions of dire energency, the body possessed the abil -
ity to convert mass to energy, the conversion of the con-
tents of 125 selected cells (which the body, with 50, 000, -
000, 000 000 cells or so, could well afford) would supply
the boY; with 2500 kil ocalories and keep it going for a ful
day.

The anount of mass which, upon conversion, yields 1
erg of energy (and the erg, after all, is the proper unit of
energy in the gramcentinmeter-second systen) is an incon-
veniently small fraction even in ternms of picograns.

We need units smaller still, so suppose we turn to the
pi copi cogram (10-24 gram), which is a trillionth of a tril-
lion of a gram or a septillionth of a gram Using the pico-

pi cogram we find that it takes the conversion of 1950
pi copi cograns of mass to produce an erg of energy.
172

And the significance? Well, a single hydrogen atom has
a mass of about 1.66 picopicogranms. A uranium 235 atom
has a mass of about 400 picopi cograns. Consequently, an
erg of energy is produced by the total conversion of 1200
hydrogen atons or by 5 uranium 235 atons.

In ordinary fission, only 1/1000 of the mass is converted
to energy so it takes 5000 fissioning uraniumatons to
produce | erg of energy. In hydrogen fusion, 1/100 of the
mass i s converted to energy, so it takes 120,000 fusing
hydrogen atons to produce 1 erg of energy.

And with that, we can let e nc, 2 rest for the nonce.
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14. A PIECE OF THE ACTI ON

VWhen ny book 1, Robot was reissued by the estimable

gent| emren of Doubl eday & Conpany, it was with a great

deal of satisfaction that | noted- certain reviewers (posses-
sing obvious intelligence and good taste) beginning to refer
toit as a "classic."

"Classic" is derived in exactly the same way, and has
preci sely the sane neaning, as our own "first-class" and
our colloquial "classy"; and any of these words represents
nmy own opinion of 1, Robot, too; except that (owing to
nmy nmodesty) | would rather die than admit it. | mention
it here only because | am speaking confidentially.

However, "classic" has a secondary neaning that dis-
pl eases ne. The word cane into its own when the literary
men of the Renaissance used it to refer to those works of
the ancient G eeks and Romans on which they were nodel -
ing their own efforts. Consequently, "classic" has cone to
mean not only good, but also old.

Now 1, Robot first appeared a nunber of years -ago and
sone of the material init was witten . . . Wll, never
mnd. The point is that | have decided to feel a little hurt
at being considered old enough to have witten a classic,
and therefore | will devote this chapter to the one field
where "classic" is rather a termof insult.

Naturally, that field nust be one where to be old is,
al nost automatically, to be wong and i nconplete. One
may tal k about Modem Art or Modern Literature or
Modem Furniture and sneer as one speaks, conparing
each, to their disadvantage, with the greater work of earlier
ages. \Wen one speaks of Mdem Sci ence, however, one
renoves one's hat and places it reverently upon the breast.

In physics, particularly, this is the case. There is Mdern
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Physics and there is (with an offhand, patronizing half-
smle) Cassical Physics. To put it into Moddern Terrninol -
ogy, Modern Physics is in, man, in, and C assical Physics
is |like squaresvhle.

What's nore, the division in physics is sharp. Everything
after 1900 is Modern; everything before 1900 is C assical

That | ooks arbitrary, | admit; a strictly parochial
twentieth-century outlook. Oddly enough, though, it is per-
fectly legitimate. The year 1900 saw a mmj or physica
theory entered into the books and not hing has been quite
the sane since.

By now you have guessed that | amgoing to tell you
about it.

The probl em began wi th German physici st Gustav
Robert Kirchhoff who, with Robert W1 hel m Bunsen



(popul ari zer of the Bunsen burner), pioneered in the de-

vel opment of spectroscopy in 1859. Kirchhoff discovered

that each el ement, when brought to incandescence, gave

of f certain characteristic frequencies of light; and that the
vapor of that elenent, exposed to radiation froma source
hotter than itself, absorbed just those frequencies it itself

emtted when radiating. In short, a material wll absorb
those frequencies which, under other conditions, it wll
radi ate; and will radiate those frequencies which, under
other conditions, it will absorb.'

But su | ppose that we consider a body which will absorb
all frequencies of radiation that fall upon it-absorb them
conpletely. It will then reflect none and will therefore ap-

pear absolutely black. It is a "black body." Kirchhoff
poi nted out that such a body, if heated to incandescence,
woul d then necessarily have to radiate all frequencies of
radi ati on' Radi ati on over a conplete range in this nmanner
woul d be "bl ack-body radiation."

O course, no body was absolutely black. In the 1890s,
however, a German physicist naned WI hel m Wen
thought of a rather interesting dodge to get around tiat.
Suppose you had a furnace with a snmall opening. Any
radi ati on that passes through the opening is either ab-
sorbed by the rough wall opposite or reflected. The re-
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flected radiation strikes another wall and is again partially
absorbed. What is reflected strikes another wall, and so

on. Virtually none of the radiation survives to find its way

out the small opening again. That small opening, then

absorbs the radiation and, in a manner of speaking, reflects
none. It is a black body. |If the furnace is heated, the radia-
tion that streams out of that small opening shoul d be

bl ack-body radi ati on and shoul d, by Kircbhoff's reasoning,
contain all frequencies.

Wen proceeded to study the characteristics of this
bl ack-body radi ation. He found that at any tenperature, a
wi de spread of frequencies was indeed included, but the
spread was not an even one. There was a peak in the md-
dle. Some intermediate frequency was radiated to a greater
extent than other frequencies either higher or |ower than
that peak frequency. Mreover, as the tenperature was
i ncreased, this peak was found to nove toward the higher
frequencies. |If the absolute tenperature were doubl ed, the
frequency at the peak woul d al so doubl e.

But now t he question arose: Wy did bl ack-body radi a-
tion distribute itself like this?

To see why the question was puzzling, let's consider
infrared light, visible light, and ultraviolet light. The fre-
guency range of infrared light, to begin with, is from one
hundred billion (100,000, 000, 000) waves per second to
four hundred trillion (400,000, 000, 000, 000) waves per
second. In order to nmake the nunbers easier to handle,
let's divide by a hundred billion and nunber the frequency
not in individual waves per second but in hundred-billion-
wave packets per second. |In that case the range of infrared
woul d be from1 to 4000.

Continuing to use this system the range of visible licht
woul d be from 4000 to 8000; and the range of ultraviolet



[ight would be from 8000 to 300, 000.

Now it m ght be supposed that if a black body absorbed
all radiation with equal ease, it ought to give off all radia-
tion with equal case. Wiatever its tenperature, the energy
it had to radiate m ght be radiated at any frequency, the
particul ar choi ce of frequency being purely random

But suppose you were choosi ng nunbers, any nunbers
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wi th honest radomess, froml to 300,000. |If you did this

repeatedly, trillions of tinmes, 1.3 per cent of your nunbers
woul d be I ess than 4000; another 1.3 per cent would be
bet ween 4000 and 8000 " and 97.4 per cent would be

bet ween 8000 and 300, 000.

This is like saying that a black body ought to radiate
1.3 per cent of its energy in the infrared, 1.3 per cent in
visible light, and 97.4 per cent in the ultraviolet. |If the
tenperature went up and it had nore energy to radiate,
it ought to radiate nore at every frequency but the relative
amounts in each range ought to be unchanged.

And this is only if we confine ourselves to nothing of
still higher frequency than ultraviolet. |If we include the
x-ray frequencies, it would turn out that just about nothing
shoul d cone off in the visible |ight at any tenperature.
Everything would be in ultraviol et and x-rays.

An English physicist, Lord Rayl eigh (1842-1919),
wor ked out an equation which showed exactly this. The
radiation enmitted by a black body increased steadily as one
went up the frequencies. However, in actual practice, a
frequency peak was reached after which, at higher fre-

guencies still, the quantity of radiati on decreased agai n.
Rayl ei gh' s equation was interesting but did not reflect
reality.

Physicists referred to this prediction of the Rayleigh
equation as the "Violet Catastrophe"-the fact that every
body that bad energy to radiate ought to radiate practically
all of it in the ultraviolet and beyond.

Yet the whole point is that the Violet Catastrophe does
not take place. A radiating body concentrated its radiation
inthe low frequencies. It radiated chiefly in the infrared at
tenperatures bel ow, say, 1000' C., and radiated mainly
in the visible region even at a tenperature as high as
6000' C., the tenperature of the solar surface.

Yet Rayl ei gh's equati on was worked out according to
the very best principles avail able anywhere in physica
theory-at the time. H's work was an ornanent of what
we now call C assical Physics.

Wen hinmself worked out an equation which described
the frequency distribution of black-body radiation in the
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bi gh-frequency range, but he had no explanation for why
it worked there, and besides it only worked for the high-
frequency range, not for the | owfrequency.

Bl ack, bl ack, black was the color of the physics nood
all through the | ater 1890s.

Bt 4t then arose in 1899 a chanpion, a German physi ci st,



Max Karl Ernst Ludwi g Planck. He reasoned as fol-
-l ows .

I f beautiful equations worked out by inpeccable reason-
ing from highly respected physical foundations do not de-
scribe the truth as we observe it, then either the reason-
ing or the physical foundations or both are w ong.

And if there is nothing wong about the reasoning (and
not hi ng wong could be found in it), then the physica
foundati ons had to be altered.

The physics of the day required that all frequencies of
light be radiated with equal probability by a black body,
and Pl anck therefore proposed that, on the contrary, they
were not radiated with equal probability. Since the equal -
probability assunption required that nore and nore |ight
of hi gher and hi gher frequency be radiated, whereas the
reverse was observed, Planck further proposed that the
probability of radiation ought to decrease as frequency
i ncreased.

In that case, we would now have two effects. The first
ef fect would be a tendency toward randomess which
woul d favor high frequencies and increase radiation as
frequency was increased. Second, there was the new Pl anck
ef fect of decreasing probability of radiation as frequency
went up. This would favor | ow frequenci es and decrease
radi ati on as frequency was increased.

In the I owfrequency range the first effect is dom nant,
but in the high-frequency range the second effect increas-
ingly overpowers the first. Therefore, in black-body tadia-
tion, as one goes up the frequencies, the amount of radia-
tion first increases, reaches a peak, then decreases again-
exactly as is observed.

Next, suppose the tenperature is raised. 'ne first effect
can't be changed, for randommess is randomess. But sup-
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pose that as the tenperature is raised, the probability of
em tting high-frequency radiation increases. The second
effect, then, is steadily weakened as the tenperature goes
up. In that case, the radiation continues to increase with
i ncreasing frequency for a longer and | onger time before it
is overtaken and repressed by the gradually weakeni ng
second effect. The peak radiation, consequently, noves

i nto hi gher and hi gher frequencies as the tenperature goes
up-preci sely as Wen had di scovered.

On this basis, Planck was able to work out an equation
that described bl ack-body radiation very nicely both in the
| ow frequency and hi gh-frequency range.

However, it is all very well to say that the higher the
frequency the lower the probability of radiation, but why?
There was nothing in the physics of the tine to explain
that, and Planck had to make up somet hi ng new.

Suppose that energy did not flow continuously, as
physi ci sts had, always assuned, but was given off in pieces.
Suppose there were "energy atons" and these increased in
size as frequency went up. Suppose, still further, that |ight
of a particular frequency could not be emtted unless
enough energy had been accunul ated to make up an
66energy atom of the size required by that frequency.

The hi gher the frequency the |larger the "energy atont



and the smaller the probability of its accumul ation at any
given instant of time. Most of the energy would be | ost
as radi ation of |ower frequency, where the "energy atons"
were smaller and nore easily accunul ated. For that rea-
son, an object at a tenperature of 400' C. would radiate
its heat in the infrared entirely. So few "energy atons"
of visible light size would be accunmul ated that no visible
gl ow woul d be produced.

As tenperature went up, nore energy would be gen-
erally available and the probabilities of accumulating a
hi gh-frequency "energy atom would increase. At 6000" C.
nost of the radiation would be in "energy atons" of visible
[ight, but the still larger "energy atons" of ultraviol et
woul d continue to be formed only to a m nor extent.

But how big is an "energy atom'? How nuch energy
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does it contain? Since this "how nuch" is a key question
Pl anck, with adm rable directness, named the "energy
atom’ a quantum which is Latin for "how rmuch?" the
plural is quanta.

For Pl anck's equation for the distribution of black-body
radiation to work, the size of the quantum had to be
directly proportional to the frequency of the radiation. To
express this mathematically, let us represent the size of the
guantum or the amount of energy it contains, by e (for
energy). The frequency of radiation is invariably repre-
sented by physicists by means of the Greek letter nu (v).

If energy (e) is proportional to frequency (v), then e
must be equal to v nultiplied by sone constant. This con-
stant, called Planck's constant, is invariably represented as
h. The equation, giving the size of a quantum for a par-
ticular frequency of radiation, becones:

e = hv (Equation 1)

It is this equation, presented to the world in 1900,
which is the Continental Divide that separates C assica
Physics from Mbdern Physics. |In Cassical Physics, energy
was consi dered continuous; in Mddern Physics it is con-
sidered to be conposed of quanta. To put it another way,
in Classical Physics the value of h is considered to be 0; in
Modern Physics it is considered to be greater than O.

It is as though there were a sudden change from con-
sidering notion as taking place in a snooth glide, to no-
tion as taking place in a series of steps.

There woul d be no confusion if steps were |ong ga-

[ unphing strides. It would be easy, in that case, to dis-
tinguish steps froma glide. But suppose one m nced al ong
in mcroscopic little tippy-steps, each taking a tiny frac-
tion of a second. A careless glance could not distinguish
that froma glide. Only a painstaking study woul d show

t hat your head was bobbing slightly with each step. The
smal l er the steps, the harder to detect the difference from
a glide.

In the sanme way, everything would depend on just how
bi g i ndi vidual - quanta were; on how "grainy" energy was.
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'ne size of the quanta depends on "the size of Planck's
constant, so let's consider that for a while.

If we solve Equation | for h, we get:
h =elv (Equation 2)

Energy is very frequently neasured in ergs (see Chapter
13). Frequency is neasured as "so many per second" and
its units are therefore "reciprocal seconds" or "lI/second."

W nust treat the units of h as we treat h itself. W
get h by dividing e by v; so we nust get the units of h
by dividing the units of e by the units of v. Wen we
di vide ergs by I/second we are nultiplying ergs by sec-
onds, and we find the units of h to be "erg-seconds." A
unit which is the result of multiplying energy by tine is
sai d, by physicists, to be one of "action." Therefore,

Pl anck's constant is expressed in units of action.

Since the nature of the universe depends on the size of
Pl anck's constant, we are all dependent on the size of the
pi ece of action it represents. Planck, in other words, had
sought and found the piece of the action. (I understand
that others have been searching for a piece of the action
ever since, but where's the point since Planck has found

it?)
And what is the exact size of h? Planck found it had
to be very small indeed. The best value, currently ac-

cepted, is: 0.0000000000000000000000000066256 er g-
seconds, or 6.6256 x 10-2" erg-seconds.

Now let's see if | can find a way of expressing just how
small this is. The human body, on an average day, con-
sumes and expends about 2500 kil ocal ories in maintaining
itself and performing its tasks. One kilocalorie is equal to
1000 cal ories, so the daily supply is 2,500,000 calories.

One calorie, then, is a small quantity of energy from
the human standpoint. It is 1/2,500,000 of your daily
store. It is the amount of energy contained in 1/113, 000
of an ounce of sugar, and so on.

Now i magi ne you are faced with a book wei ghing one
pound and wish to lift it fromthe floor to the top of a
bookcase three feet fromthe ground. The energy expended
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inlifting one pound through a distance of three feet against
gravity is just about 1 calorie,.

Suppose that Planck's constant were of the order of a
calorie-second in size. The universe would be a very
strange place indeed. If you tried to lift the book, you
woul d have to wait until enough energy had been accunu-
|ated to make up the trenendously sized quanta nade
necessary by so large a piece of action. Then, once it was
accunul at ed, the book woul d suddenly be three feet in the
air.

But a calorie-second is equal to 41,850,000 erg-seconds,
and since Planck's constant is 'Such a minute fraction of
one erg-secoiid, a single calorie-second equal s 6,385,400, -
000, 000, 000, 000, 000, 000, 000, 000, 000 Pl anck's constants,



or 6.3854 x 10:1@ Planck's constants, or about six and a
third decillion Planck's constants. However you slice it, a
cal orie-second is equal to a trenmendous nunber of Planck's
const ants.

Consequently, in any action such as the lifting of a one-
pound book, matters are carried through in so many tril-
lions of trillions of steps, each one so tiny, that notion
seens a continuous glide.

VWhen Pl anck first introduced his "quantumtheory 91 in
1900, it caused remarkably little stir, for the quanta
seenmed to be pulled out of mdair. Even Planck hinself

was dubi ous-not over hi s equation describing the dis-
tribution of black-body radiation, to be sure, for that
wor ked wel |; but about the quanta he had introduced to

explain the equation

Then canme 1905, and in that year a 26-year-old theo-
retical physicist, Al bert Einstein, published fivo separate
scientific papers on three subjects, any one of which would
have been enough to establish himas a first-magnitude star
in the scientific heavens.

In two, he worked out the theoretical basis for "Brown-
ian nmotion" and, incidentally, produced the machinery by
whi ch the actual size of atonms could be established for
the first time. It was one of these papers that earned him
hi s Ph. D
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In the third paper, he dealt with the "photoel ectric
ef fect" and showed that although C assical Physics could
not explain it, Planck's quantumtheory coul d.

This really startled physicists. Planck had invented
guanta nerely to account for black-body radiation, and
here it turned out to explain the photoelectric effect, too,
something entirely different. For quanta to strike in two
different places like this, it seened suddenly very reason-
abl e to suppose that they (or sonmething very like then)
actual Iy exi sted.

(Einstein's fourth and fifth papers set up a new vi ew of
the universe which we call "The Special Theory of Rela-
tivity." It is in these papers that he introduced his fanous
equation e = MZ22; see Chapter 13.

These papers on relativity, expanded into a "Genera
Theory" in 1915, are the achievenments for which Einstein
is known to people outside the world of physics. Just the
sane, in 1921, when he was awarded the Nobel Prize for
Physics, it was for his work on the photoelectric effect and
not for his theory of relativity.)

The value of h is so incredibly snmall that in the ordinary
world we can ignore it. The ordinary gross events of
everyday life can be considered as though energy were a
continuum This is a good "first approximtion."

However, as we deal with smaller and smaller energy
changes, the quantum steps by whi ch those changes' nust
take place beconme larger and larger in conparison. Thus,

a flight of stairs consisting of treads 1 mllinmeter high and
3 mllineters deep would seemnerely a slightly roughened
ranp to a six-foot man. To a man the size of an ant, how



ever, the steps woul d seemrespectabl e individual obstacles
to be clanbered over with difficulty. And to a man the
size of a bacterium they woul d be nountai nous precipices

lin the sane way, by the tinme we descend into the world
within the atomthe quantum step has becone a gigantic
thing. Atom c physics cannot, therefore, be described in
Classical ternms, not even as an approxi mation

The first to realize this clearly was the Dani sh physi ci st
Ni el s Bohr. In 1913 Bohr pointed out that if an electron
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absorbed energy, it had to absorb it a whol e quantum at
atine and that to an electron a quantumwas a | arge pi ece
of en "ergy that forced it to change its relationship to the
rest of the atomdrastically and all at once.

Bohr pictured the electron as circling the atom c nucl eus
ina fixed orbit. Wen it absorbed a quantum of energy, it
suddenly found itself in an orbit farther fromthe nucl eus
-there was no in-between, it was a one-step proposition

Since only certain orbits were possible, according to

Bohr's treatnment of the subject, only quanta of certain size
could be absorbed by the atomonly quanta | arge enoug
to raise an electron fromone perm ssible orbit to another
VWen the el ectrons dropped back down the |ine of per-
m ssible orbits, they emtted radiations in quanta. They
emtted just those frequencies which went along with the
size of quanta they could enit in going fromone orbit to
anot her.

In this way, the science of spectroscopy was rational -
ized. Men understood a little nore deeply why each el e-
ment (consisting of one type of atomw th one type of
energy rel ationshi ps anong the el ectrons maki ng up that
type of atom) should radiate certain frequencies, and cer-
tain frequencies only, when incandescent. They al so under-
stood why a substance that coul d, absorb certain frequen-
cies should also emit those same frequenci es under other
ci rcunst ances.

In other words, Yirchhoff had started the whol e problem
and now it had come around fuil-circle to place his em
pirical discoveries on a rational basis.

Bohr's initial picture was oversinple; but he and ot her
men gradually made it nore conplicated, and capabl e of
expl aining finer and finer points of observation. Finally,
in 1926, the Austrian physicist Erwin Schri3di nger worked
out a mathematical treatnment that was adequate to an-
al yze the workings of the particles making up the interior
of the atom according to the principles of the quantum
theory. This was called "quantum nechanics,"” as opposed
to the "classical nechanics" based on Newton's three | aws
of nmotion and it is quantum nmechanics that is the founda--
tion of Mbdern Physics.
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15. WELCOME, STRANCER

There are fashions in science as in everything else. Con-
duct an experinment that brings about an unusual success



and before you can say, "There are a dozen imtations!"
there are a dozen imtations!

Consi der the el ement xenon (pronounced zee' non), dis-
covered in 1898 by WIliam Ransay and Morris WIIiam
Travers. Like other elements of the sane type it was iso-
lated fromliquid air. The existence of these elenents in air
had remai ned unsuspected through over a century of
ardent chenical analysis of the air, so when they finally
dawned upon the chem cal consciousness they were greeted

as strange and unexpected newconers. |ndeed, the naneg,
xenon, is the neutral formof the Geek word for "strange,"
so that xenon is "the strange one" in all Iliteral ness.

Xenon belongs to a group of elenents conmonly known
as the "inert gases" (because they are chem cally inert)
or the "rare gases" (because they are rare), or "noble
gases" because the standoffishness that results from cheni -
cal inertness seens to indicate a haughty sense of seff-

i mport ance.

Xenon is the rarest of the stable inert gas and, as a
matter of fact, is the rarest of all the stable el ements on
Earth. Xenon occurs only in the atnosphere, and there it
makes up about 5.3 parts per mllion by weight. Since the
at nosphere wei ghs about 5, 500, 000, 000, 000, 000 (five
and a half quadrillion) tons, this nmeans that the planetary
supply of xenon comes to just about 30,000, 000, 000
(thirty billion) tons. This seens anple, taken in full, but
pi cki ng xenon atoms out of the overpoweringly nore corn-
,mon constituents of the atnosphere is an arduous task and
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so xenon isn't a conmon substance and never will be.

VWhat with one thing and another, then, xenon was not
a popul ar substance in the chemical |aboratories. Its chem
i cal, physical, and nucl ear properties were worked out, but
beyond that there seened little worth doing with it. It
remained the little strange one and received cold shoul ders
and frosty smles.

Then, in 1962, an unusual experinment involving xenon
was announced whereupon fromall over the world broad
sm | es broke out across chem cal countenances, and little
xenon was led into the test tube with friendly solicitude.
"Wl come, stranger!" was the cry everywhere, and now
you can't open a chem cal journal anywhere without find-
ing several papers on xenon

What happened?

I f you expect a quick answer, you little know ne. Let
me take ny customary route around Robin Hood's barn
and begin by stating, first of all, that xenon is a gas.

Being a gas is a matter of accident. No substance is a
gas intrinsically, but only insofar as tenperature dictates.
On Venus, water and anmoni a are both gases. On Earth,
amonia is a gas, but water is not. On Titan, neither am
noni a nor water are gases.

So I'll have to set up an arbitrary criterion to suit ny
present purpose. Let's say that any substance that remains
a gas at -1000 C. (-148" F.) is a Gas with a capita
letter, and concentrate on those. This is a tenperature
that is never reached on Earth, even in an Antarctic w nter



of extraordinary severity, so that no Gas is ever anything
but gaseous on Earth (except occasionally in chem cal I ab-
oratories).

Now why is a Gas a Gas?

| can start by saying that every substance is nmade up of
atons, or of closely knit groups of atons, said groups
being called nolecules. There are attractive forces between
atons or nol ecul es which nmake them "sticky" and tend
to hold themtogether. Heat, however, |ends these atons
or nol ecules a certain kinetic energy (energy of notion)
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which tends to drive them apart,.since each atom or nol e-
cule has its own idea of where it wants to go.*

The attractive forces anbng a given set of atons or
nol ecul es are relatively constant, but the kinetic energy
varies with the tenperature. Therefore, if the tenperature
is raised high enough, any group of atonms or nol ecul es
will fly apart and the material becomes a gas. At tenpera-
tures over 60000 C. all known substances are gases.

O course, there are only a, few exceptional substances
with interatomic or internolecular forces so strong that it
takes 6000 C. to overcone them Some substances, on
the other hand, have such weak internol ecular attractive
forces that the warnth of a sunmer day supplies enough
ki netic energy to convert themto gas (the comon anes-
thetic, ether, is an exanple).

Still others have internolecular attractive forces so
much weaker still that there is enough heat at a tenpera-
ture of -1 00" C. to keep themgases, and it is these that

are the Gases | amtal king about.

The internolecular or interatomc forces arise out of
the distribution of electrons within the atonms or nol ecul es.
The el ectrons are distributed anong various "el ectron
shells," according to a system we can, accept w thout de-
tail ed explanation. For instance, the alum num atom con-
tains 13 el ectrons, which are distributed as follows: 2 in
the innernost shell, 8 in the next shell, and 3 in the next
shell. W can therefore signify the electron distribution in
the al um num atom as 2, 8, 3.

The nost stable and symetrical distribution of the
el ectrons anong the electron shells is that distribution in
whi ch the outernost shell holds either all the electrons it
can hold, or 8 electrons-whichever is |less. The innernpst
el ectron shell can hold only 2, the next can hold 8, and
each of the rest can hold nore than 8. Except for the situ-
ation where only the innernost shell contains el ectrons,

* No, | amnot inplying that atons know what they are doing
and have consciousness. This is just ny tel eol ogical way of talk-
ing. Teleology is forbidden in scientific'articies, 1-ut it s'o happens
| enjoy sin.
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then, the stable situation consists of 8 electrons in the
out ermost shel |

There are exactly six elenments known in which this situ-
ation of maxi mum stability exists:



El ectron El ectron

El ement Synbol Di stribution Tot al
hel i um He 2 2
neon Ne 2,8 10
ar gon Ar 2,8,8 is
krypt on Kr 2,8,18,8 36
xenon Xe 2,8,18, 18,8 54
radon Rn 2,8, 18, 32,18, 8 86
QG her atons without this fortunate el ectronic distribu-

tion are forced to attenpt to achieve it by grabbing addi -
tional electrons, or getting rid of sone they already pos-
sess, or sharing electrons. |In so doing, they undergo chem
ical reactions. The atons of the six elenents |isted above,
however, need do nothing of this sort and are sufficient

unto thensel ves. They have no need to shift electrons in

any way and that means they take part in no chemnica

reactions and are inert. (At least, this is what | would have
said prior to 1962.)

The atons of the inert gas famly |isted above are so
self-sufficient, in fact, that the atoms even ignore one
another. There is little interatonic attraction, so that al
are gases at roomtenperature and all but radon are
Gases.

To be sure, there is sone interatonic attraction (for no
atons or nol ecul es exi st anbng which there is no attrac-
tion at all). |If one lowers the tenperature sufficiently, a
point is reached where the attractive forces beconme dom
i nant over the disruptive effect of kinetic energy, and every
singl e one of the inert gases will, eventually, beconme an
inert liquid.

What about other elements? As | said, these have atons
with electron distributions of |ess than maxi mumstability
188

and each has a tendency to alter that distribution in the
direction of stability. For instance, the sodium atom (Na)

has a distribution of 2,8, |I. If it could get rid of the outer-
nost el ectron, what would be | eft would have the stable

2 8 configuration of neon. Again, the chlorine atom (Cl)

b& a distribution of 2,8,7. |If it could gain an electron

it would have the 2,8,8 distribution of argon

Consequently, if a sodium atom encounters a chlorine
atom the transfer of an electron fromthe sodiumatomto
the chlorine atom satisfies both. However, the loss of a
negati vely charged el ectron | eaves the sodiumatomw th
a deficiency of negative charge or, which is the sanme thing,
an excess of positive charge. It becomes a positively
charged sodiumion (Na+). The chlorine atom on the
ot her band, gaining an el ectron, gains an excess of nega-
tive charge and becomes a negatively charged chloride
ion* (C-).

Opposite charges attract, so the sodiumion attracts al
the chloride ions within reach and vice versa. These strong
attractions cannot be overcone by the kinetic energy in-
duced at ordinary tenperatures, and so the ions hold to-
gether firmy enough for "sodium chloride" (comon



salt) to be a solid. It does not beconme a gas, in fact, unti
a tenperature of 1413 C. is reached

. Next, consider the carbon atom (C). Its electron dis-
tributionis 2,4. |If it lost 4 electrons, it would gain the 2
hel i um configuration; if it gained 4 electrons, it would
gain the 2,8 neon configuration. Losing or gaining that
many el ectrons is not easy,_so the carbon atom shares
electrons instead. It can, for instance, contribute one of
its electrons to a "shared pool"” of two electrons, a pool to
whi ch a nei ghboring carbon atom al so contri butes an el ec-
tron. Wth its second electron it can form another shared
pool with a second neighbor, and with its third and fourth,
two nmore pools with two nore nei ghbors. Each nei ghbor

* The charged chlorine atomis called "chloride ion" and not
"chlorine ion" as a convention of cheni &l nonencl ature we m ght
just as well accept with a weary sigh. Anyway, the "d" is not a
t ypogr aphi cal error.

189

ran set up additional pools with other neighbors. 1In this
way, each carbon atomis surrounded by four other carbon
at ons.

These shared electrons fit into the outernost el ectron
shel | s of each carbon atomthat contributes. Each carbon
atom has 4 electrons of its own in that outernost shell and
4 el ectrons contributed (one apiece) by four neighbors.

Now, each carbon atom has the 2,8 configuration of neon
but only at the price of remaining close to its neighbors.
The result is a strong interatonic attraction, even though
el ectrical charge is not involved. Carbon is a solid' and
is not a gas until a tenperature of 42000 C. is reached.

The atonms of netallic elenments al so stick together
,strongly, for sinmilar reasons, so that tungsten, for instance,
is not a gas until a tenperature of 59000 C. is reached.

We cannot, then, expect to have a Gas when atons
achi eve stable electron distribution by transferring el ec-
trons in such a manner as to gain an electric charge; or
by sharing electrons in so conplicated a fashion that vast
nunbers of atons stick together in one piece.

VWhat we need is sonmething internmediate. W need a
situation where atonms achieve stability by sharing el ectrons
(so that no electric charge arises) but where the total
nunber of atons involved in the sharing is very small so
that only snmall nolecules result. Wthin the nol ecul es,
attractive forces may be |large, and the nol ecul es may not
be shaken apart wi thout extrene tenperature. The attrac-
tive forces between one nol ecule and its nei ghbor, how
ever, may be smafl-and that will do.

Let's consider the hydrogen atom for instance. It has
but a single electron. Two hydrogen atons can each con-
tribute its single electron to forma shared pool. As |ong
as they stay together, each can count both electrons in
its outernost shell and each will have the stable helium
configuration. Furthernore, neither hydrogen atomw |
have any electrons left to formpools w th other neighbors,
hence the nolecule will end there. Hydrogen gas will con-
si st of two-atom nol ecul es (H2)-



The attractive force between the atons in the nol ecul e
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is large, and it takes temperatures of nore than 20001 C.
to shake even a small fraction of the hydrogen nol ecul es

into single atoms. There will, however, be only weak at-

tractions anbong separate hydrogen nol ecul es, each of

whi ch, under the new arrangenent, wll have reached a

satisfactory pitch of self-sufficiency. Hydrogen, therefore

will be a Gas not made up of separate atons as is

the case with the inert gases, but of two-atom nol ecul es.
Sonething simlar will be true in t he case of fluorine

(electronic distribution 2,7), oxygen (2,6) and nitrogen
(2,5). The fluorine atomcan contribute an el ectron and
forma shared pool of two electrons with a, nei ghboring
fluorine atom which also contributes an electron. Two
oxygen atons can contribute two el ectrons apiece to form
a shared pool of four electrons, and two nitrogen atons
can contribute three el ectrons each and forma shared poo
of six electrons.

| In each case, the atoms will achieve the 2,8 distribution
of neon at the cost of forining paired nolecules. As a
result, enough stability is achieved so that fluorine (F2).
oxygen (02), and nitrogen (N2) are all Gases.

The oxygen atom can al so forma shared pool of two
el ectrons with each of two neighbors, and those two nei gh-
bors can form another shared pool of two el ectrons anong
thenselves. The result is a conbination of three oxygen
atoms (G j), each with a neon configuration. This com
bination, 03, is called ozone, and it is a Gas too.

Oxygen, nitrogen, and fluorine can form ni xed nol e-
cules, too. For instance, a nitrogen and an oxygen atom
can conbi ne to achieve the necessary stability for each
Ni trogen may al so form shared pools of two electrons with
each of three fluorine atons, while oxygen may do so
with each of two. The resulting conpounds: nitrogen
oxide (NO, nitroen trifluoride (NF3), and oxygen di -
fluoride (OF2) are all Gases.

At ons which, by thenselves, will not form Gases may
do so if conbined with either hydrogen, oxygen, nitrogen
or fluorine. For instance, two chlorine atoms (2,8,7, re-
menber) will forma shared pool of two el ectrons so that
, both achieve the 2,8,8 argon configuration. Chlorine (Cl 2)
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is therefore a gas at roomtenperature-wth internol ecu-
lar attractions, however, |arge enough to keep it from be-
ing a Gas, Yet if a chlorine atomforns a shared pool of
two electrons with a fluorine atom the result, chlorine
fluoride (CIF), is a.Gas.

The boron atom (2,3) can forma shared pool of two
el ectrons with each of three fluorine atons, and the carbon
atom a shared pool of two electrons with each of four
fluorine atoms. The resulting conpounds, boron trifluoride
(BF3) and carbon tetrafluoride (CF4), are Gases.

A carbon atom can forma shared pool of two el ec-
trons with each of four hydrogen atoms, or a shared poo
of four electrons with an oxygen atom and the resulting



conpounds, nethane (CH 4) and carbon nonoxi de (CO),

are gases. A two-carbon conbination may set up a shared
pool of two electrons with each of four hydrogen atons
(and a shared pool of four electrons with one another);
a silicon atomnmay setup a shared pool of two el ectrons
with each of four hydrogen atons. The conpounds,

et hyl ene (C2H4) and silane (SiH4), are Gases.

Al together, then, | can list twenty Gases which fall into
the foll owi ng categories:

(1) Five elements nade up of single atonms: helium
neon, argon, krypton, and xenon

(2) Four elerments nade up of two-atom nol ecul es:
hydr ogen, nitrogen, oxygen, and fluorine.

(3) One element form nade up of three-atom nole-
cul es: ozone (of oxygen).

(4) Ten conpounds, with nmolecules built up of two
different elenents, at |east one of which falls into category
(2).

The twenty Gases are listed in order of increasing boil-
ing point in the acconpanying table, and that boiling point
is given in both the Celsius scale (' C) and the Absolute
scale (' K).

The five inert gases on the list are scattered anmpong the
fifteen other Gases. To be sure, two of the three | owest-
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boiling Gases are helium and neon, but argon is seventh,
krypton is tenth, and xenon is seventeenth. It would not be
surprising if all the Gases, then, were as inert as the inert
gases.

The Twenty Gases

Subst ance Fori ula B.P. (C-) B.P. (K-)

Hel i um He -268.9 4.2
Hydr ogen H, -252.8 20.3
Neon Ne -245.9 27.2
Ni t r ogen N, -195.8 77.3
Car bon nonoxi de '-0 -192 81

Fl uorine F -188 85

Ar gon Ar -185.7 87.4
Oxygen o, -183.0 90.1
Met hane CH4 -161.5 111.6
Krypt on Kr -152.9 120. 2
Ni trogen oxide NO -151.8 121.3
Oxygen di fluoride OF, -144.8 128.3
Carbon tetrafl uoride CF, -128 145

Ni trogen trifluoride NF3 -120 153

Ozone 0, -111.9 161. 2
Si | ane Si H, -111.8 161. 3
Xenon Xe -107.1 166. 0
Et hyl ene C H, -103.9 169. 2
Boron trifluoride BF, -101 172

Chlorine fluoride ClF -100. 8 172. 3

Perhaps they might be at that, if the smug, self-sufficient
nol ecul es that made them up were permanent, unbreak-
able affairs, but they are not. All the nol ecul es can be



br oken down under certain conditions, and the free atons
(those of fluorine and oxygen particularly) are active in-
deed.

Thi s does not show up in the Gases thensel ves. Sup-
pose a fluorine nolecule breaks up,into two fluorine atons,
and these find thensel ves surrounded only by fluorine
nol ecul es? The only possible result is the re-formation of

a fluorine nol ecul e, and not hing much has happened. |If,
however, there are nol ecul es other than fluorine present,
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a new nol ecul ar conbi nati on of greater stability than F2
is possible (indeed, alnmobst certain in the case of fluorine),
and a chenical reaction results.

The fluorine nol ecul e does have a tendency to break
apart (to a very small extent) even at ordinary tenpera-
tures, and this is enough. The free fluorine atomwill
attack virtually anything n.on-fluorine in sight, and the
heat of reaction will raise the tenperature, which wll
bring about a nore extensive split in fluorine nol ecul es,
and so on. The result is that nolecular fluorine is the nost
chemically active of all the Gases (with chlorine fluoride
alnost on a par with it and ozone naking a pretty good
third).

The oxygen nolecule is torn apart with greater diffi-
culty and therefore remains intact (and inert) under con-
ditions where fluorine will not. You may think that oxygen
is an active elenent, but for the nost part this is only true
under el evated tenperatures, where nore energy is avail -
able to tear it apart. After all, we live in a sea of free
oxygen wi t hout damage. |nani mate substances such as pa-
per, wood, coal, and gasoline, all considered flammabl e,
can be bathed by oxygen for indefinite periods wthout
percepti bl e chem cal reaction-until heated.

O course, once heated, oxygen does becone active and
conbi nes easily with other Gases such as hydrogen, carbon
nonoxi de, and net hane whi ch, by that token, can't be
considered particularly inert either

The nitrogen nolecule is torn apart with still nore diffi-
culty and, before the discovery of the inert gases, nitrogen
was the inert gas par excellence. It and carbon tetrafl uoride
are the only Gases on the list, other than the inert gases
thensel ves, that are respectably inert, but even they can be
torn apart.

Life depends on the fact that-certain bacteria can split
the nitrogen nol ecul e; and inportant industrial processes
arise out of the fact that man has learned to do the sane
thing on a large scale. Once the nitrogen nolecule is torn
apart, the individual nitrogen atomis quite active, bounces
around in all sorts of reactions and- in fact, is the fourth
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nost comon atomin living tissue and is essential to al
its workings.

In the case of the inert gases, all is different. There are
no nmol ecules to pull apart. W are dealing with the self-
sufficient atomitself, and there seened little Iikelihood that



conbi nati on with any other atom woul d produce a situa-
tion of greater stability. Attenpts to get inert gases to form
conpounds, at the tine they were discovered, failed, and
chemi sts were quickly satisfied that this nade sense.

To be sure, chenmists continued to try, now and agai n,
but they also continued to fail. Until 1962, then, the only
successes chenists had had in tying the inert.gas atons
to other atonms was in the formation of "clathrates.” In a
clathrate, the atons nmaking up a nol ecule forma cage-
i ke structure and, sometines, an extraneous atom even
an inert gas atomis trapped within the cage as it forns.
The inert gas is then tied to the substance and cannot be
i berated wi thout breaking down the nol ecule. However,
the inert gas atomis only physically confined; it has not
formed a chem cal bond.

And yet, let's reason things out a bit. The boiling point
of heliumis 4.2 K ; that of neon is 27.20 K., that of
argon 87.4' K., that of krypton 120. 2 K., that of xenon
166. 0" K. The boiling point of radon, the sixth and | ast
inert gas and the one with the nost massi ve atom is

211.3- K (-61.8- C) Radon is not even a Gas, but
nerely a gas.

Furt hernmore, as the mass of the inert gas atons in-
creases, the ionization potential (a quantity which neas-
ures the ease with which an electron can be renoved alto-
gether froma particular aton) decreases. The increasing
boi Il i ng point and decreasing ionization potential both indi-
cate that the inert gases becone less inert as the mass of
the individual atoms rises.

By this reasoning, radon would be the | east inert of the
i nert gases and efforts to form conmpounds shoul d concen-
trate upon it as offering the best chance. However, radon
is a radioactive elenent with a half-life of |less than four
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days, and is so excessively rare that it can be worked with

only under extremely specialized conditions. The next best

bet, then, is xenon. This is very rare, but it is available and
it is, at |east, stable.

Then, if xenon is to forma chenmical bond, with what
other atommight it be expected to react? Naturally, the
nost | ogical bet would be to choose the npst reactive sub-
stance of all-fluorine or sone fluorine-containing com
pound. If xenon wouldn't react with that, it wouldn't react
wi t h anyt hi ng.

(This may sound as though | ambeing terribly w se
after the event, and I am However, there are sone who
were legitimtely wise. | amtold that Linus Pauling rea-
soned thus in 1932, well before the event, and that a
gentl eman naned A. von Antropoff did so in 1924.)

In 1962, Neil Bartlett and others at the University of
British Colunbia were working with a very unusual com
pound, platinum hexafluoride (PtF6). To their surprise,
they discovered that it was a particularly active conpound.
Naturally, they wanted to see what it'could be nmade to do,
and one of the thoughts that arose was that here might be
somet hing that could (just possibly) finally pin down an
i nert gas atom

So Bartlett mxed the vapors of PtF6 with xenon and, to



hi s astoni shnent, obtained a conmpound whi ch seened to

be XePtFc,, xenon plati num hexafluoride. The announce-
ment of this result left a certain area of doubt, however.
Pl ati num hexafl uori de was a sufficiently conpl ex conpound
to make it just barely possible that it had forned a cl ath-
rate and trapped the xenon.

A group of chenists at Argonne National Laboratory in
Chicago therefore tried the strai ght xenon-plus-fluorine
experiment, heating one part of xenon with five parts of
fluorine under pressure at 400 C. in a nickel container
They obt ai ned xenon tetrafluoride (XeF4), a straightfor-
ward conmpound of an inert gas, with no possibility of a
clathrate. (To be sure, this experinment could have been
tried years before, but it is no disgrace that it wasn't. Pure
xenon is very hard to get and pure fluorine is very danger-
ous to handl e, and no chemi st coul d reasonably have been
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expected to undergo the expense and the risk for so
slimchanced a catch as an inert gas conpound until after
Bartlett's experinment had increased that "slim chance"
tremendousl y.)

And once the Argonne results were announced, al
Hades broke | oose. |It.looked as though every inorganic
chemi st in the world went gibbering into the inert gas
field. A whole raft of xenon conmpounds, including not
only XeF4, but also XeF., XeF6, XeOF2, XeOF3, XeOF4,

Xe@3, H4AXeH, and H, XeQ,, have been reported.

Enough radon was scraped together to formradon tetra-
fluoride (RnF4). Even krypton, which is nore inert than
xenon, has been tamed, and krypton difluoride (KrF2)
and krypton tetrafluoride (KrF4) have been forned.

The remai ning three inert gases, argon, neon, and helium
(in order of increasing inertness), as yet renmain untouched.
They are the last of the bachelors, but the world of chem s-
try has the sound of wedding bells ringing in its ears, and
it is a bad tinme for bachel ors.

As an old (and cautious) married man, | can only say
to this-no comment.,
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16. THE HASTE- MAKERS

VWhen | first began witing about science for the genera
public-far back in nedieval tinmes-I coined a neat phrase
about the activity of a "light-fingered magi cal catal yst."
My editor stiffened as he canme across that phrase, but
not with adnmiration (as had been nmy nodestly confi dent
expectation). He turned on ne severely and said, "Nothing



in science is magical. It may be puzzling, mysterious, in-
expbeabl e-but it is never nmgical."

It pained nme, as you can well imagine, to have to learn
a lesson froman editor, of all people, but the | esson seened
too good to miss and, with many a wy grinace, | |earned

That left me, however, with the probl em of describing
the workings of a catalyst, w thout calling upon nagica
power for an expl anation.

Thus, one of the first experiments conducted by any
begi nner in a high school chem stry | aboratory is to pre-
pare oxygen by heating potassiumchlorate. |If it were only
pot assi um chl orate he were heating, oxygen would be
evol ved but slowy and only at conparatively high tenper-
atures. So he is instructed to add sonme manganese di oxi de
first. Wien he heats the m xture, oxygen comes off rapidly
at conparatively | ow tenperatures.

VWat does the nanganese dioxide do? It contributes no

oxygen. At the conclusion of the reaction it 'is all still there,
unchanged. |Its nere presence seens sufficient to hasten the
evol ution of oxygen. It is a haste-maker or, nore properly,

a catal yst.
And how can one explain influence by nmere presence?
Is it a kind of nolecular action at a distance, an extra-
sensory perception on the part of potassium chlorate that
the influential aura of manganese dioxide is present? Is it
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tel ekinesis, a para-natural action at a distance on the part
of the nmanganese dioxide? 1Is it, in short, magic?
Vell, let's see .

To begin at the beginning, as | al npbst invariably do,
the first and nost fanmous catalyst in scientific history
never existed.

The al chem sts of old sought methods for turning base
metals into gold. They failed, and so it seened to themthat
some essential ingredient was mssing in their recipes. The
nore i magi nati ve among them concei ved of a substance
which, if added to the m xture they were heating (or what-
ever) would bring about the production of gold. A small
quantity would suffice to produce a great deal of gold and
it could be recovered and used again, no doubt.

No one had ever seen this substance but it was de-
scri bed, for sone reason, as a drv, earthy material. The
ancient alchemsts therefore called it xenon, froma G eek
word neaning "dry."

In the eighth century the Arabs took over al cheny and
called this gol d-maki ng catal yst "the xerion" or, in Arabic,
at-iksir. Wen West Europeans finally |l earned Arabic
alchenmy in the thirteenth century, at-iksir becanme "elixir."

As a further tribute to its supposed dry, earthy prop-
erties, it was comonly called, in Europe, "the phil os-
opber's stone." (Remenber that as late as 1800, a "natura
phi | osopher" was what we would now call a "scientist.")

The amazing elixir was bound to have other marvel ous
properties as well, and the notion arose that it was a cure
for all diseases and mght very well confer imortality.
Hence, al chemnists began to speak of "the elixir of life."



For centuries, the phil osopher's stone and/or the elixir
of life was searched for but not found. Then, when finally
a catalyst was found, it brought about the formation not of
| ovely, shiny gold, but nessy, dangerous sulfuric acid.*
Woul dn't you know?

Bef ore 1740, sulfuric acid was hard to prepare. 1In the-

* That's all right, though. Sulfuric acid may not be as costly as
gold, but it is conservatively speaking-a trillion tinmes as in-
trinsically useful.
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ory, it was easy. You bumsulfur, conbining it wth oxygen
to formsul fur dioxide (SO2)- You burn sulfur dioxide
further to nake sulfur trioxide (S@3)- You dissolve sul fur
trioxide in water to make sulfuric acid, (H2SO4) - The trick
though, was to make sul fur di oxi de conmbi ne with oxygen

That could only be done slowy and with difficulty.

In the 1740s, however, an English sulfuric acid man-
uf acturer naned Joshua Ward nust have reasoned t hat
sal tpeter (potassiumnitrate), though nonflammable itself,
caused carbon and sul fur to burn with great avidity. (In
fact, carbon plus sulfur plus saltpeter is gunpower.) Con-
sequently, he added saltpeter to his burning sul fur and
found that he now obtained sul fur tri'oxide w thout nuch
trouble and coul d make sulfuric acid easily and cheaply.

The nost wonderful thing about the process was that, at
the end, the saltpeter was still present, unchanged. It could
be used over and over again. Ward patented the process
and the price of sulfuric acid dropped to 5 per cent of what
it was before.

Magi c?-Vel 1, no.

In 1806, two French chenists, Charles Bernard
Ddsornes and Nichol as Clénment, advanced an expl anation
that contained a principle which is accepted to this day.

It seens, you see, that when sulfur and saltpeter bum
toget her, sulfur dioxide conbines with a portion of the
saltpeter molecule to forma conplex. The oxygen of the
sal tpeter portion of the conplex transfers to the sul fur
di oxi de portion, which now breaks away as sul fur tri-
oxi de.

VWhat's left (the saltpeter fragment m nus oxygen) pro-
ceeds to pick up that m ssing oxygen, very readily, from
the atnosphere. The saltpeter fragnent, restored again,
is ready to conmbine with an additional nol ecule of sulfur

di oxi de and pass al ong oxygen. It is the saltpeter's task
simply to pass oxygen fromair to sul fur dioxide as fast as
it can. It is a mddleman, and of course it remains un-

changed at the end of the reaction
In fact, the wonder is not that a catal yst hastens a re-
action while remai ni ng apparently unchanged, but that
anyone shoul d suspect even for a nonment that anything
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"magical" is involved. |If we were to cone across the sane
phenonenon in the nore ordinary affairs of life, we would
certainly not make that m stake of assum ng magic.

For instance, consider a half-finished brick wall and, five



feet fromit, a heap of bricks and some nortar. |If that

were all, then you woul d expect no change in the situation
between 9 Am and 5 P.m except that the nortar woul d
dry out.

Suppose, however, that at 9 A°M you observed one fac-
tor in addition-a man, in overalls, standing quietly be-
tween the wall and the heap of bricks with his hands
enpty. You observed matters again at 5 P.m and the sane
man is standing there, his hands still enpty. He has not
changed. However, the brick wall is now conpl eted and'
the heap of bricks is gone.

The man clearly fulfills the role of catalyst. A reaction
has taken place as a result, apparently, of his nere pres-
ence and without any visible change of dimnution in him

Yet would we dream for a nonment of saying "Magic!"?

We woul d, instead, take it for granted that had we ob-
served the man in detail all day, we woul d have caught
himtransferring the bricks fromthe heap to the wall one
at atine. And what's not magic for the bricklayer is not
magi ¢ for the saltpeter, either.

Wth the birth and progress of the nineteenth century,
nore exanples of this sort of thing were discovered. In
1812, for instance, the Russian chenist Gottlieb Sigis-
mund Ki r chhof f

And here | break off and begin a | ongish digression for
no other reason than that | want to; relying, as | always
do, on the infinite patience and good hunmor of the Gentle
Reader s.

It may strike you that in saying "the Russian chenist,

Cottlieb Sig7ismund Kirchhoff" | have made a hunorous
error. Surely no one with a nane |ike Gottlieb Sigisnund
Kirchhof f can be a Russian! It depends, however, on

whet her you mean a Russian in an ethnic or in a geographic
sense.
To explain what | nmean, let's go back to the beginning
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of the thirteenth century. At that time, the regions of our-
| and and Livonia, along the southeastern shores of the
Baltic Sea (the nbdem Latvia and Estonia) were in-
habited by virtually the |last group of pagans in Europe. It
was the tinme of the Crusades, and the Germans to the
sout heast felt it a pious duty to slaughter the poorly arned
and di sorgani zed pagans for the sake of their souls.

The crusadi ng Germans were of the "Order of the
Kni ghts of the Sword" (better known by the shorter and
nore popul ar name of "Livonian Knights"). They were
joined in 1237 by the Teutonic Knights, who had first
establ i shed thenselves in the Holy Land. By the end of the
thirteenth century the Baltic shores had been conquered,
with the German expeditionary forces in control

The Teutonic Knights, as a political organization, did
not maintain control for nmore than a couple of centuries.
They were defeated by the Poles in the 1460s. The Swedes,
under Gustavus Adol phus, took over in the 1620s, and in
the 1720s the Russians, under Peter the Geat, replaced the
Swedes.

Nevert hel ess, however the political tides mght shift and



what ever flag flew and to whatever nonarch the | oyal in-
habitants m ght drink toasts, the land itself continued to
bel ong to the "Baltic barons" (or "Balts") who were the
Ger man- speaki ng descendants of the Teutonic Knights.

Peter the Great was an aggressive Westernizer who
built a new capital, St. Petersburg* at the very edge of the
Li voni an area, and the Balts were a val ued group of sub-
jects indeed.

This remained true all through the eighteenth and ni ne-
teenth centuries when the Balts possessed an influence
within the Russian Enpire out of all proportion to their
nunbers. Their influence in Russian science was even
nor e | opsi ded.

The troubl e was that public education within Russia
| agged far behind its status in western Europe. The Tsars
saw no reason to encourage public educati on and make
trouble for thenselves. No doubt they felt instinctively that

The city was naned for his name-saint and not for hinself.
VWhat ever Tsar Peter was, a saint he was not.
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a corrupt and stupid government is only really safe with
an uneducat ed popul ace.

This meant that even elite Russians who wanted a
secul ar education had to go abroad, especially if they-
want ed a graduate education in science. Going abroad was
not easy, either, for it meant |eam ng a new | anguage and
new ways. What's nore, the Russian Othodox Church
viewed all Westerners as heretics and little better than
heat hens. Contact w th heat hen ways (such as science) was
at best dangerous and at worst damation. Consequently,
for a Russian to travel West for an education meant the
overcom ng of religious scruples as well

The Balts, however, were German in culture and Lu-
theran in religion and had none of these inhibitions. They
shared, with the Germans of Germany itself, in the, height-
ening |l evel of education-in particular, of scientific educa-
tion-through the eighteenth and nineteenth centuries.

So it follows that anong the great Russian scientists of
the nineteenth century we not only have a man with a nane
like Gottlieb Sigisnmund Kirchhoff, but also others with
names |ike Friedrich Konrad Beilstein, Karl Ernst von
Baer, and W/ hel m Gstwal d.

This is not to say that there weren't Russian scientists in
this period with Russian nanes. Exanples are M khai
Vasi |l i evi ch Lononosov, Al eksandr Onufrievich Koval ev-
ski, and Dmitri |vanovich Mendel 6ev.

However, Russian officialdomactually preferred the
Balts (who supported the Tsarist government under which
they flourished) to the Russian intelligentsia itself (which
frequently nade trouble and had vague notions of reform.

In addition, the Germans were the ni neteenth-century
scientists par excellence, and to speak Russian with a
German accent probably leiit distinction to a scientist.
(And before you sneer at this point of view, just think of
the American stereotype of a rocket scientist. He has a
thick German accent, nicht wahr?-And this despite the
fact that the first rocketman, and the one whose experi -



ments started the Gernmans on the proper track [Robert
Coddard], spoke with a New Engl and twang.)
So it happened that the Inperial Academny of Sciences
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of the Russian Enmpire (the nost prestigious scientific
organi zation in the land) was divided into a "Gernman
party" and a "Russian party," with the former dom nant.

In 1880 there was a vacancy in the chair of chem ca
technol ogy at the Acadeny, and two names were proposed.

The German party proposed Beil stein, and the Russian

party proposed Mende] 6ev. There was no conparison

really. Beilstein spent years of his life preparing an encycl o-
pedi a of the properties and met hods of preparation of

many thousands of organi c conpounds which, with nu-

mer ous suppl enents and additions, is still a chemical bible.
This is a colossal nmonunent to his thorough, hard-work-

i ng competence-but' it is no nore. Mendel 6ev, who

wor ked out the periodic table of the elenments, was, on the
ot her hand, a chemi st of the first magnitude-an un-

doubted genius in the field.

Nevert hel ess, governnment officials threw their weight be-
bi nd Beilstein, who was el ected by a vote of ten to nine.

It is no wonder, then, that in recent years, when the
Russi ans have finally won a respected place in the scientific
sun, they tend to overdo things a bit. They' ve got a great
deal of humliation to make up for

That ends the digression, so I'll start over-

As the nineteenth century wore on, nore exanpl es of
bast e- maki ng were discovered. |n 1812, for instance, the
Russi an cheni st Gottlieb Sigisnmund Kirchhoff found that
if he boiled starch in water to which a small anount of
sul furic acid had been added, the starch broke down to a
simple form of sugar, one that is now called glucose. This
woul d not happen in the absence of acid. Wen it did
happen in the presence of acid, that acid was not consuned
but was still present at the end.

Then, in 1816, the English chem st Hunphry Davy
found that certain organic vapors, such as those of al cohol
conbi ned with oxygen nore easily in the presence of netals
such as platinum Hydrogen conmbi ned nore easily with
oxygen in the presence of platinum al so.

Fun and ganmes with platinumstarted at once. In 1823
a German chem st, Johann Wl fgang D6bereiner, set up a
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hydr ogen generator which, on turning an appropriate stop-
cock, would allow a jet of hydrogen to shoot out against a
strip of platinumfoil. The hydrogen pronmptly burst into
flane and "Dbbereiner's |anp" was therefore the first
cigarette lighter. Unfortunately, inmpurities in the hydrogen
gas quickly "poi soned" the expensive bit of platinum and
rendered it usel ess.

In 1831 an English chem st, Peregrine Phillips, reasoned
that if platinumcould bring about the conbination of
hydrogen and of al cohol w th oxygen, why should it not do
the sane for sulfur dioxide? Phillips found it would and



patented the process. It was not for years afterward, how
ever, that methods were di scovered for delaying the

poi soning of the nmetal, and it was only after that that a
pl ati num cat al yst could be profitably used in sulfuric acid
manuf acture to replace Ward's saltpeter

In 1836 such phenomena were brought to the attention
of the Swedi sh chem st J6ns Jakob Berzelius who, during
the first half of the nineteenth century, was the uncrowned
king of chenmistry. It was he who suggested the words
"catalyst" and "catal ysis" from G eek words nmeaning "to
break down" or "to deconpose." Berzelius had in mnd
such exanpl es of catalytic action as the decomnposition of
the large starch nolecule into smaller sugar nol ecul es by
the action of acid.

But platinumintroduced a new gl anor to the concept
of catalysis. For one thing, it was a rare and precious
metal. For another, it enabled people to begin suspecting
magi ¢ agai n.

Can pl ati num be expected to behave as a m ddl eman as
sal t peter does?

At first blush, the answer to that would seemto be in
the negative. O all substances, platinumis one of the nost
inert. 1t doesn't conbine w th oxygen or hydrogen under
any normal circunmstances. How, then, can it cause the two
to conbi ne?

I f our metaphorical catalyst is a bricklayer, then plati-
num can only be a bricklayer tightly bound in a strait-

j acket .
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Well, then, are we reduced to nmagic? To nol ecul ar
action at a distance?

Cheni sts searched for sonmething nore prosaic. The
suspi cion grew during the nineteenth century that the inert-
ness of platinumis, in one sense at least, an illusion. 1In the
body of the netal, platinumatons are attached to each
other in all directions and are satisfied to remain so. In
bul k, then, platinumw |l not react with oxygen or hydro-
gen (or nost other chemicals, either).

On the surface of the platinum however, atonms on the
nmetal boundary and i medi ately adjacent to the air have
no other platinumatons, in the air-direction at least, to
attach thenselves to. Instead, then, they attach thensel ves
to whatever atoms or nol ecul es they find handy oxygen
atons, for instance. This fornms a thin filmover the surface,
a filmone nolecule thick. It is conpletely invisible, of
course, and all we see is a snmooth, shiny, platinumsur-
face, which seenms conpletely nonreactive and inert.

As parts of a surface film cixygen and hydrogen react
nore readily than they do when maki ng up bul k gas.
Suppose, then, that when a water nolecule is forned by
the conbi nati on of hydrogen and oxygen on the plati num
surface, it is held nore weakly than an oxygen nol ecul e
woul d be. The nmonent an oxygen nol ecul e struck that
portion of the surface it would replace the water nol ecul e
in the film Now there would be the chance for the forna-
tion of another water nolecule, and so on.

The plati num does act as a middleman after all, through
its formati on of the nononol ecul ar gaseous film



Furthernmore, it is also easy to see how a platinum
cat al yst can be poisoned. Suppose there are nolecules to

which the platinumatons will cling even nore tightly than
to oxygen. Such nolecules will replace oxygen wherever it
is found on the filmand will not thensel ves be replaced by

any gas in the atnmosphere. They are on the, platinum sur-
face to stay, and any catalytic action involving hydrogen
or oxygen is killed.

Since it takes very little substance to forma | ayer
nmerely one nol ecul e thick over any reasonable stretch of
surface, a catalyst can be quickly poisoned by inmpurities
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that are present in the working m xture of gases, even when
those inpurities are present only in trace anounts.

If this is all so, then anything which increases the anount
of surface in a given weight of nmetal will also increase the
catal ytic efficiency. Thus, powdered platinum wth a great
deal of surface, is a nmuch nore effective catalytic agent
than the sane weight of bulk platinum It is perfectly fair
therefore, to speak of "surface catalysis."

But what is there about a surface filmthat hastens the
process of, let us say, hydrogen-oxygen conbi nation? W
still want to renove the suspicion of magic.

To do so, it helps to recognize what catal ysts can't do.

For instance, in the 187W, the American physici st
Josiah Wl lard G bbs painstakingly worked out the applica-
tion of the laws of thernmobdynam cs to chem cal reactions.
He showed that there is a quantity called "free energy"
whi ch al ways decreases in any chenmical reaction that is
spont aneous-that is, that proceeds w thout any input of
energy.

Thus, once hydrogen and oxygen start reacting, they
keep on reacting for as long as neither gas is conpletely
used up, and as a result of the reaction water is forned. W
explain this by saying that the free energy of the water is
| ess than the free energy of the hydrogen-oxygen m xture.
The reaction of hydrogen and oxygen to formwater is
anal ogous to sliding down an "energy slope."

But if that is so, why don't hydrogen and oxygen nol e-
cul es combine with' each other as soon as they are m xe(.
Wy do they linger for indefinite periods at the top of the
energy sl ope after being mxed, and react and slide down-
ward only after being heated?

Apparently, before hydrogen and oxygen nol ecul es
(each composed of a pair of atons) can react, one or the
ot her rmust be pulled apart into individual atonms. That
requires an energy input. It represents an upward energy
sl ope, before the downward sl ope can be entered. It is an
"energy hunp," so to speak. The anount of energy that
must be put into a reacting systemto get it over that energy
hunp is called the "energy of activation,"” and the con-
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cept was first advanced in 1889 by the Swedi sh chem st
Svant e August Arrheni us.
When hydrogen and oxygen nol ecul es are colliding at



ordinary tenperature, only the tiniest fraction happen to
possess enough energy of motion to break up on collision
That tiniest fraction, which does break up and does react,
then liberates enough energy, as it slides down the energy
slope, to break up additional nolecules. However, so little
energy is produced at any one-tinme that it is radi ated away
before it can do any good. 'ne net result is that hydrogen
and oxygen mixed at roomtenperature do not react.

ff the tenperature is raised, nolecul es nove nore
rapidly and a | arger proportion of them possess the nec-
essary energy to break up on collision. (Mre, in other
words, can slide over the energy hunp.) Mre and nore
energy is released, and there conmes a particul ar tenpera-
ture when nore energy is released than can be radiated
away. The tenperature is therefore further raised, which
produces nore energy, which raises the tenmperature stil
further-and hydrogen and oxygen proceed to react with
an expl osi on.

In 1894 the Russian chem st W/ hel m Gstwal d poi nt ed
out that a catalyst could not alter the free energy rel ation-
ships. It cannot really nmake a reaction go, that would not
go without it-though it can make a reaction go rapidly
that in its absence would prciceed with only inperceptible
speed.

I n other words, hydrogen and oxygen conbine in the
absence of platinumbut at an inperceptible rate, and the
pl ati num bast e- maker accel erates that conbi nation. For
wat er to deconpose to hydrogen and oxygen at roomtem
perature (wi thout the input of energy in the formof an
electric current, for instance) is inmpossible, for that would
mean spont aneously noving up an energy slope. Neither
pl ati num nor any other catalyst could nmake a chem ca
reaction nove up an energy slope. |If we found one that did
so, then that would be nagic.*

O else we would have to nodify the |aws of thernodynanmi cs.
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But how does plati num hasten the reaction it does
hasten? What does it do to the nolecules in the filn®

OCstwal d' s suggestion (accepted ever since) is that cata-
| ysts hasten reactions by lowering the energy of activation
of the reaction-flattening out the hunp. At any given tem
perature, then, nmore nol ecul es can cross over the hunp
and slide downward, and the rate of the reaction increases,
soneti mes enor mousl y.

For instance, the two oxygen atons m an oxygen nol e-
cule hold together with a certain, rather strong, attachnent,
and it is not easy to split themapart. Yet such splitting is
necessary if a water nolecule is to be forned.

When an oxygen atomis attached to a plati num atom
and forns part of a surface film however, the situation
changes. Sone of the bond-form ng capabilities of the
oxygen nol ecul e are used up in form ng the attachment to
the platinum and less is available for holding the two
oxygen atons together. The oxygen atom nmight be said to
be "strained."

If a hydrogen atom happens to strike such an oxygen
atom strained in the film it is nore likely to knock it
apart into individual oxygen atonms (and react wth one of



thenm) than would be the case if it collided with an oxygen
atomfree in the body of a gas. The fact that the oxygen
nol ecul e is strained neans thaf it is easier to break apart,
and that the energy of activation for the hyqgrogen-oxygen
conbi nati on has been | owered.

O we can try a metaphor again. |Inagine a brick resting
on the upper reaches of a cenment incline. The brick should,
ideally, slide down the incline. To do so, however, it nust
overcone frictional forces which hold it in place against the
pul | of gravity. The frictional forces are here anal ogous to
the forces hol ding the oxygen nol ecul e t oget her

To overcone the frictional force one nust give the
brick an initial push (the energy of activation), and then it
sl i des down.

Now, however, we will try a little "surface catalysis." W
will coat the slide with wax. |If we place the brick on top
of such an incline, the merest touch will start it noving
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downward. It may nove downward without any help from
us at all.

I n waxi ng the cenent incline we haven't increased the
force of gravity, or added energy to the system W have
nerely decreased the frictional forces (that is, the energy,
hunp), and bricks can be delivered down such a waxed
i ncline much nore easily and nuch nore rapidly than down
an unwaxed incli ne.

So you see that on inspection, the magical clouds of
glory fade into the |light of conmmon day, and the wonderfu
word "catalyst" loses all its glamor. In fact, notlfing is left
toit but to serve as the foundation for virtually all of
chemi cal industry and, in the formof enzynes, the founda-
tion of all of life, too.

And, come to think of it, that ought to be glory enough
for any reasonabl e catal yst.
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17. THE SLOALY MOVI NG FI NGER

Al as, the evidences of nmortality are all about us; the
other day our little parakeet died. As nearly as we could
make out, it was a trifle over five years old, and we had
al ways taken the best of care of it. W had fed it, watered
it, kept its cage clean, allowed it to | eave the cage and

fly about the house, taught it a smal | but disreputable
vocabul ary, perrffltted it to ride about on our shoul ders and
eat at will fromdishes at the table. In short, we encouraged

it to think of itself as one of us hunans.
But alas, its aging process remained that of a parakeet.



During its last year, it slowy grew norose and sull en; nen-
tioned its inproper words but rarely; took to wal king
rather than flying. And finally it died. And, of course, a
simlar process is taking place within ne.
Thi s thought makes me petulant. Each year | break ny
own previous record and enter new high ground as far as
age is concerned, and it is remarkably cold confort to
think that everyone else is doing exactly the sane thing.
The fact of the matter is that | resent growing old. In
ny tine | was a kind of mld infant prodigy-you know,
the kind that teaches hinself to read before he is five and
enters college at fifteen and is witing for publication at

eighteen and all like that there. As you m ght expect, |
cane in for frequent curious inspection as a sort of
| udi crous freak, and | invariably interpreted this inspection

as admiration and loved it.

But such behavior carries its own punishnment, for the
nmovi ng finger wites, as Edward Fitzgerald said Orar
Khayyam sai d, and having wit, noves on. And what that
means is that the bright, young, bouncy, effervescent infant
prodi gy becones a flabby, paunchy, bleary, niddle-aged
non- prodi gy, and age sits twice as heavily on such as these.
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It happens quite often that sone huge, hul king, raw
boned fellow, checks bristling with black stubble, cones to

me and says in his bass voice, "I've been reading you
ever since | learned to read; and |'ve collected all the stuff
you wote before | learned to read and |'ve read that, too.",

My inmpul se then is to hit hima stiff right cross to the side
of the jaw, and I nmight do so if only | were quite sure he
woul d respect ny age and not hit back

So | see nothing for it but to find a way of |ooking at
the bright side, if any exists

How | ong do organi sns |ive anyway? W can only guess.
Statistics on the subject have been carefully kept only in
the last century or so, and then only for Hono sapi ens, and
then only in the nore "advanced" parts of the world.

So nost of what is said about longevity consists of quite
rough estimates. But then, if everyone is guessing, | can
guess, too; and as lightheartedly as the next person, you
can bet.

In the first place, what do we nean. by length of life?
There are several ways of looking at this, and one is to
consi der the actual length of time (on the average) that
actual organisnms |live under actual conditions. This is the
"life expectancy- )I

One thing we can be certain of is that |life expectancy is

quite trifling for all kinds of creatures. |If a codfish or an
oyster produces millions or billions of eggs and only one
or two happen to produce young thal are still alive at the

end of the first year, then the average |ife expectancy of al
t he coddi sh or oysterish youngsters can be neasured in
weeks, or possibly even days. | imagine that thousands
upon thousands of themlive no nore than m nutes.
Matters are not so extrene anmong birds and mamual s
where there is a certain anount of infant care, but 1'll bet



relatively few of the smaller ones live out a single year
From t he col d- bl ooded vi ew of species survival, this is
qui te enough, however. Once a creature has reached sexua
maturity, and contributed to the birth of a litter of young
which it sees through to puberty or near-puberty, it has

done its bit for species survival and can go its way. |If it
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survives and produces additional litters, well and good, but

it doesn't have to.

There is, obviously, considerable survival value in reach-
ing sexual maturity as early as possible, so that there is tine
to produce the next generation before the first is gone.
Meadow mice reach puberty in three weeks and can bear
their first litter six weeks after birth. Even an aninal as
| arge as a horse or cow reaches the age of puberty after
one year, and the |argest whal es reach puberty at two.

Sone large land animals can afford to be slower about it.
Bears are adol escent only at six and el ephants only at ten.

The | arge carnivores can expect to |live a nunber of
years, if only because they have relatively few enem es (al-
ways excepting man) and need not expect to be anyone's
di nner. The | argest herbivores, such as el ephants and hi p-
popotam , are also safe; while snaller ones such as baboons
and wat er buffal oes achieve a certain safety by traveling
in herds.

Early man falls into this category. He lived in small
herds and he cared for his young. He had, at the very |east,
primtive clubs and eventually gained the use of fire. The
average man, therefore, could | ook forward to a nunber
of years of life. Even so, with undernourishnent, disease
the hazards of the chase, and the cruelty of man to nan,
life was short by nmodern standards. Naturally, there was

alimt to how short life could be. If nen didn't live long
enough, on the average, to replace thensel ves, the race
woul d die out. However, | should guess that in a primtive
society a life expectancy of 18 would be anple for species
survival. And | rather suspect that the actual life ex-

pectancy of man in the Stone Age was not mnuch greater

As manki nd devel oped agriculture and as he donmesti -
cated animals, he gained a nore dependabl e food supply.
As he learned to dwell within walled cities and to live
under a rule of law, he gained oTeater security against hu-

man enemes fromw thout and within. Naturally, life ex-
pectancy rose sonmewhat. |In fact, it doubl ed.
However, throughout ancient and nedieval tines,
doubt that |ife expectancy ever reached 40. In nedieval
Engl and, the life expectancy is estimated to have been 35,
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so that if you did reach the age of 40 you were a revered
sage. What with early marriage and early childbirth, you
wer e undoubtedly a grandfather, too.

This situation still existed into the twentieth century in
some parts of the world. 1In India, for instance, as of 1950,
the Iife expectancy was about 32; in Egypt, as of 1938, it
was 36; in Mexico, as of 1940, it was 38.

The next great step was nedi cal advance, which brought



infection and di sease under control. Consider the United
States. In 1850, life expectancy for American white nales
was 38.3 (not too rmuch different fromthe situation in
medi eval Engl and or ancient Rone). By 1900, however,
after Pasteur and Koch had done their work, it was up to
48.2; then 56.3 in 1920; 60.6 in 1930; 62.8 in 1940; 66.3
in 1950; 67.3 in 1959; and 67.8 in 1961

Al'l through, females had a bit the better of it (being
t he tougher sex). |In 1850, they averaged two years |onger
life than mal es; and by 1961, the edge had risen to nearly
seven years. Non-whites in the United States don't do quite
as well-not for any inborn reason, |'msure, but because
t hey generally occupy a position |ower on the econonic
scale. They run some seven years behind whites in life ex-
pectancy. (And if anyone wonders why Negroes are rest-
| ess these days, there's seven years of |ife apiece that they
have coming to them That nmight do as a starter.)

Even if we restrict ourselves to whites, the United States
does not hold the record in life expectancy. | rather think
Norway and Sweden do. The latest figures | can find (the
m ddl e 1950s) gi ve Scandi navian nales a |ife expectancy
of 71, and femal es one of 74.

This change in |ife expectancy has introduced certain
changes in social custom |In past centuries, the old man
was a rare phenonenon-an unusual repository of |ong
menories and a sure guide to ancient traditions. dd age
was revered, and in sone societies where |ife expectancy is
still low and old men still exceptional, old age is stil
rever ed.

It mght also be feared. Until the nineteenth century
there were particul ar hazards to childbirth, and, few wonen
survived the process very often (puerperal fever and al
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that). dd wonen were therefore even rarer than old nen,

and with their winkled cheeks and toothless gunms were

strange and frightening phenonmena. The witch mania of

early nodern tines may have been a | ast expression of that.
Nowadays, old nen and wonen are very common and

the extremes of both good and evil are spared them Per-

haps that's just as well.

One m ght suppose, what with the steady rise in life
expectancy in the nore advanced portions of the gl obe,
that we need nmerely hold on another century to find nen
routinely living a century and a half. Unfortunately, this is
not so. Unless there is a renmarkabl e biol ogi cal break-
through in geriatrics, we have gone just about as far as
we can go in raising, the |life expectancy.

| once read an allegory that has haunted ne all ny adult
life. | can't repeat it word for word; | wish | could. But
it goes sonething like this. Death is an archer and life is a
bridge. Children begin to cross the bridge gaily, skipping
al ong and growi ng ol der, while Death shoots at them M
aimis mserable at first, and only an occasional child is
transfixed and falls off the bridge into the cloud-enshrouded
msts below But as the crowd noves farther along, Death's
aiminproves and the nunbers thin. Finally, when Death
aiins at the aged who totter nearly to the end of the bridge,



his aimis perfect and he never misses. And not one nman
ever gets across the bridge to see what |ies on the other
si de.

This remains true despite all the advances in social struc-
ture and nedi cal science throughout history. Death's aim
has worsened through early and nmiddle [ife, but those |ast
perfectly ainmed arrows are the arrows of old age, and even
now they never mss. Al we have done to w pe out war,
fam ne, and di sease has been to all ow nore people the
chance of experiencing old age. Wen |ife expectancy was
35, perhaps one in a hundred reached ol d age; nowadays
nearly half the population reaches it-but it is the sane
old old age. Death gets us all, and with every scrap of his
anci ent efficiency.

In short, putting life expectancy to one side, there is a
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"specific age" which is our nost common tine of death
frominside, without any outside push at all; the age at
which we woul d die even if we avoi ded acci dent, escaped
di sease, and took every care of ourselves.

Three thousand years ago, the psalmst testified as to
the specific age of man (Ps. 90:10), saying: "The days
of our years are threescore years and ten; and if by reason
of strength they be fourscore years, yet is their strength
| abor and sorrow, for it is soon cut -off, and we fly away."
| And so it is today; three nmillennia of civilization and
three centuries of science have not changed it. The com
nmonest time of death by old age |ies between 70 and 80.

But that is just the comonest tinme. W don't all die
on our 75th birthday; some of us do better, and it is un-
doubtedly the hope of each one of us that we oursel ves,
personally, will be one of those who will do better. So
what we have our eye on is not the specific age but the
maxi mum age we can reach

Every species of multicellular creature has a specific age
and a maxi num age; and of the species that have been
studied to any degree at all, the maxi mum age woul d
seemto be between 50 and 100 per cent |onger than the
specific age. Thus, the nmaxi mum age for nman i s considered
to be about Il S

There have been reports of older nen, to be sure. The
nost famous is the case of Thomas Parr ("Ad Parr"),
who was supposed to have been born in 1481 in Engl and
and to have died in 1635 at the age of 154. The claimis
not believed to be authentic (sone think it was a put-up
job involving three generations of the Parr fanmly), nor are
any other clainms of the sort. The Soviet Union reports
numer ous centenarians in the Caucasus, but all were born
in aregion and at a time when records were not kept. The
old man's age rests only upon his own word, therefore, and
ancients are notorious for a tendency to |l engthen their
years. Indeed, we can make it a rule, alnpst, that the
poorer the recording of vital statistics in a particular region,
the ol der the centenarians claimto be.

In 1948, an English wonan naned | sabel |l a Shepheard
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died at the reported age of 115. She was the |ast survivo
within the British Isles, fromthe period before the com
pul sory registration of births, so one couldn't be certain
to the year. Still, she could not have been younger by nore
than a couple of years. In 1814, a French Canadi an
naned Pieffe Joubert died and he, apparently, had reliable
records to show that he was bomin 1701, so that he died at
113.

Let's accept 115 as man's maxi num age, then, and ask
whet her we have a good reason to conplain about this.
How does the figure stack up agai nst maxi nrum ages for
other types of living organi sns?

if we conpare plants with aninals, there is no question
that plants bear off the palmof victory. Not all plants
generally, to be sure. To quote the Bible again (Ps. 103:
15-16), "As for man his days are as grass: as a flower
of the field, so he flourisheth. For the wi nd passeth over it,
and it is gone; and the place thereof shall know it no
nore."

This is a spine-tingling sinmle representing the evanes-
cence of human life, but what if the psal m st had said that
as for man. his days are as the oak tree; or better still, as
the giant sequoi a? Specinens of the latter are believed to
be over three thousand years old, and no maxi num age is
known for them

However, | don't suppose any of us wants long life at
the cost of being a tree. Trees live long, but they live

slowy, passively, and in terribly, terribly dull fashion. Let's

see what we can do with aninals.

Very sinple animals do surprisingly well and there are
reports of sea-anenones, corals, and such-like creatures
passing the half-century mark, and even sone tal es (not
very reliable) of centenarians among them Anong nore
el aborate 'invertebrates, |obsters may reach an age of 50
and clans one of 30. But | think we can pass invertebrates,
too. There is no reliable tale of a conmplex invertebrate Iiv-
ing to be 100 and even if giant squids, let us say, did so,
we don't want to be giant squids.
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What about vertebrates? Here we have | egends, par-
ticularly about fish. Sone tell us that fish never grow old
but live and grow forever, not dying till they are killed. In-
di vidual fish are reported with ages of several centuries.
Unfortunately, none of this can be confirmed. The ol dest
age reported for a fish by a reputable observer is that of a
| ake sturgeon which is supposed to be well over a century
ol d, going by a count of the rings on the spiny ray of its
pectoral fin.

Among anphi bia the record holder is the giant sala-
mander, which may reach an age of 50. Reptiles are better
Snakes nma reach an aoe of 30 and crocodiles may attain

y t,
60, but it is the turtles that hold the record for the ani mal
ki ngdom Even small turtles may reach the century nark,
and at | east one larger turtle is known, with reasonable
certainty, to have lived 152 years. It may be that the
| arge Gal apagos turtles can attain an age of 200.



But then turtles live slowy and dully, too. Not as slowy
as plants, but too slowy for us. 1In fact, there are only two
classes of living creatures that live intensely and at peak
level at all times, thanks to their warm bl ood, and these are
the birds and the manmals. (Some mamual s cheat a
little and hi bernate through the winter and probably ex-
tend their life span in that nianner.) W mght envv a
tiger or an eagle if they. lived a long, long tinme and even
-as the shades of old age closed in-wish we could trade
pl aces with them But do they live a long, long tine?

O the two classes, birds on the whole do rather better
than mammal s as far as maxi nrum age is concerned. A
pi geon can live as long as a lion and a herring gull as |ong
as a hippopotanmus. In fact, we have long-life | egends about
some birds, such as parrots and swans, which are supposed
to pass the century mark with ease.

Any devotee of the Dr. Dolittle stories (weren't you?)
must remenber Pol ynesia, the parrot, who was in her third
century. Then there is Tennyson's poem Tithonus, about
t hat nythical character who was granted i mortality but,

t hrough an oversight, not freed fromthe incubus of old
age so that he grew ol der and ol der and was finally, out of
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pity, turned into a grasshopper. Tennyson has hi m | anent
that death comes to all but him He begins by pointing out

that men and the plants of the field die, and his fourth Iine

is an early climax, going, "And after many a sumer dies

the swan." In 1939, Al dous Huxley used the line as a title
for a book that dealt with the striving for physical im
nmortalit

y

However, as usual, these stories remain stories.
ol dest confirmed age reached by a parrot is 73, and
i mgi ne that swans do not do nuch better. An age of 115
has been reported for carrion crows and for sone vultures,
but this is with a pronounced question mark.

Mammal s i nterest us nost, naturally, since we are mam
mals, so let ne list the maxi num ages for some mammal i an
types. (I realize, of course, that the word "rat" or "deer"
covers dozens of species, each with its own aging pattern

The

but I can't help that. Let's say the typical rat or the typica

deer.)

El ephant 77 Cat 20
Whal e 60 pi g 20
Hi ppopot anmus 49 Dog 18
Donkey 46 CGoat 17
Corilla 45 Sheep 16
Hor se 40 Kangar oo 16
Chi npanzee 39 Bat 15
Zebra 38 Rabbi t 15
Li on 35 Squirrel 15
Bear 34 Fox 14
Cow 30 Quinea Pig 7
Monkey 29 Rat 4
Deer 25 Mouse i

Seal 25 Shrew 2



The maxi mum age, be it renmenbered, is reached only
by exceptional individuals. Wile an occasional rabbit may
make 15, for instance, the average rabbit would die of old
age before it was 10 and might have an actual life ex-
pectancy of only 2 or 3 years.

In general, anong all groups of organisnms sharing a
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common plan of structure, the large ones live |longer than
the small. Anong plants, the giant sequoia tree |lives |onger
than the daisy. Among animals, the giant sturgeon lives
| onger than the herring, the giant sal amander |ives |onger
than the frog, the giant alligator lives |longer than the
lizard, the vulture lives |longer than the sparrow, and the
el ephant lives |onger than the shrew
I ndeed, in mammual s particularly, there seems to be a
strong correlation between longevity and size. There are
exceptions, to be sure-some startling ones. For instance,
whal es are extraordinarily short-lived for their size. The
age of 60 1 have given is quite exceptional. Mdst cetaceans
are doing very well indeed if they reach 30. This may be
because life in the water, with the continuous | oss of beat
and the never-endi ng necessity of sw nming, shortens life.
But rmuch nore astonishing is the fact that nman has a
| onger life than any other manmal -nuch | onger than the
el ephant or even than the closely allied gorilla. Wen a
human centenarian dies, of all the animals in the world
alive on the day that he was born, the only ones that re-
main alive on the day of his death (as far as we know)
are a few sluggish turtles, an occasional ancient vulture or
sturgeon, and a number of other human centenarians. Not
one non-human manmal that cane into this world with him

has remamined. All, w thout exception (as far as we know),
are dead.
If you think this is remarkable, wait! It is nore re-

mar kabl e t han you suspect.

The smaller the mammal, the faster the rate of its
nmet abolism the nore rapidly, so to speak, it lives. W
m ght well suppose that while a small manmal doesn't
live as long as a large one, it lives nore rapidly and nore

intensely. |In some subjective manner, the small manmal
m ght be viewed as living just as long in terms of sensation
as does the nore sluggish |arge manmal. As concrete

evi dence of this difference in netabolism anmong manmal s,
consi der the heartbeat rate. The following table lists sone
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rough figures for the average nunber of heartbeats per
mnute in different types of nmamal .

Shr ew 1000 Sheep 75
Mouse 550 Man 72
Rat 430 Cow 60
Rabbi t 150 Li on 45
Cat 130 Hor se 38
Dog 95 El ephant 30

Pi g 75 VWhal e 17



For the fourteen types of animals listed we have the
heartbeat rate (approximate) and the maxi num age (ap-
proxi mate), and by appropriate nmultiplications, we can
det erm ne the maxi num age of each type of creature, not in
years but in total heartbeats. The result follows:

Shrew 1, 050, 000, 000
Mouse 950, 000, 000
Rat 900, 000, 000
Rabbi t 1, 150, 000, 000
Cat 1, 350, 000, 000
Dog 900, 000, 000
Pi g 800, 000, 000
Sheep 600, 000, 000
Li on 830, 000, 000
Hor se 800, 000, 000
Cow 950, 000, 000
El ephant 1, 200, 000, 000
Whal e 630, 000, 000

Allowing for the approxi mate nature of all ny figures,
| look at this final table through squinting eyes froma dis-
tance and conme to the follow ng conclusion: A nmamal

can, at best, |live for about a billion heartbeats and when
those are done, it is done.
But you'll notice that | have left nman out of the table.

That's because | want to treat himseparately. He lives at

the proper speed for his size. Hi s heartbeat rate is about

that of other animals, of simlar weight. It is faster than

the heartbeat of larger aninals, slower than the heartbeat
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of smaller animals. Yet his nmaxi numage is 115 years,
and that nmeans his maxi mum nunber of heartbeats is
about 4, 350, 000, 000.

An occasional man can live for over 4 billion heartbeats!
In fact, the life expectancy of the American nal e these
days is 2.5 billion heartbeats. Any man- who passes the
quarter-century mark has gone beyond the billionth heart-
beat mark and is still young, with the prime of |ife ahead.

VWay? It is not just that we live |onger than other nmam
mal s. Measured in heartbeats, we live four tines as |ong!
Vhy ??

Upon what neat doth this, our species, feed, that we
are grown so great? Not even our closest non-buman rel a-
tives match us in this. |If we assume the chinpanzee to
have our heartbeat rate and the gorilla to have a slightly
sl ower one, each lives for a maxi mum of about 1.5 billion
heartbeats, which isn't very nuch out of line for manmmal s
generally. How then do we make it to 4 billion?

What secret in our hearts makes those organs work so
much better and | ast so nuch | onger than any ot her nmam
mal i an heart in exi stence? Wy does the noving finger
wite so slowmy for us, and for us only?

Frankly, | don't know, but whatever the answer, | am
conforted. If |I were a nmenber of any other mamxnalian
species ny heart would be stilled I ong years since, for it
has gone well past its billionth beat. (Wll, a little past.)



But since | am Homp sapi ens, ny wonderful heart beats
even yet with all its old fire; and speeds up in proper
fashion at all tinmes when it should speed up, with a verve
and efficiency that | find conpletely satisfying.

Why, when | stop to think of it, I ama young fellow, a
child, an infant prodigy. | ama, menber of the nost un-
usual species on earth, in longevity as well as brain power,
and | |augh at birthdays.

(Let's see now. How nany years to 1157?)
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