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TWILIGHTOFFATH
illions of species
share this planet.
But only man has
developed science
and religion. Only
man has tried to
understand the

world around him, and looked for
purpose in his life. Only man
asks who, why, what,  when,
where and how.

What sets us apart from all
other species on earth is the
awesome power of  our
minds. It drives us to want to
know and to understand.
That is why we build cathe-
drals, temples and churches.
That is also why we peer
through microscopes, build
part ic le accelerators and
send space probes to the far-
thest reaches of the solar
system and beyond.

From the earliest of times.
mankind recognized a basic
symmetry and consistency
in heaven and earth. The sun
came up every morning. The
moon waxed and waned. The
stars and planets followed
their courses through the
heavens. Leaves changed
color every autumn. New growth
burst forth in the spring.

People saw this as evidence
that they and their world were in
the hands of God-or the gods-
and all was well.

ouT 0t Tilt sHADows
Mostpeople lived fairly simple,

predictable lives. They planted
their crops, or worked at the trade
they had been taught by their fa-
thers and that they in turn would
teach their sons. The average per-
son could not read or write, and
knew little of the world outside
the immediate communitv. Ev-

eryone had a place in society-the
rich, the poor, even the servant or
slave. That was the way it had al-
ways been, and the way they
thought it would always be.

If they had questions, they
could ask the pr iest,  or the
shaman or the witch doctor, who
knew what was necessary about
life, death and the purpose of ex-
istence. Religion, andwhat even-
tually became the church in the

Western world, was assumed to
have the answers to the really
important questions.

But a few have always thought
more deeply and asked probing
questions. Why is it this way?
How does the universe work?
What is the meaning of the cre-
ation-and of life itself?

For most of recorded history,
the scientist was viewed as a
rather eccentric figure on the
fringes of normal society. He
seemedto spend his time looking
for the elixir of life, or trying to
turn lead into gold, or doing un-
fathomable things with astro-

nomical charts. Science, or what
passed for science, didn't have
much to do with the average per-
son.

In general, however, the early
scient ist-phi losophers of the
Western world were bound by a
deep respect for tradition, espe-
cially sacred tradition. They
went about their work in the
spirit of investigating their Cre-
ator's handiwork. Their humble

Two of the world's greatest scien-
tists, Galileo Galilei (left) and Al-
bert Einstein (right) helped pio-
neer new ways of thinking about
the uniuerse and our place in it.

efforts could only supplement-
and certainly never challenge-
the majestic revealed truths of
the Bible. as interpreted by the
authorities of the church.

Gradually, however, a gulf
openedbetween science and reli-
gion in the West. About300 years
ago, scientists began to move out
of the shadows and onto center
stage. The influence of religion
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slowly, but decisively, decreased.
Technology began to change the
way we lived, but more signifi-
cantly it changed the way we
thought about ourselves. Man
could now master the environ-
ment. No longer were we na-
ture's pawn, and the dogmatic,
often simplistic explanations of
religion no longer satisfied.

The theologian gradually be-
came the rather incongruous fig-
ure on the edge of society. His
wel l-meaning efforts to help
seemedless andless relevantwith
every passing decade ofprogress.
Everything real ly important
could apparently be explained
without him. Afber centuries of
groping in the dark, it was the
scientists, not the theologians,
who emergedwith answers. ?hey
gave us new insights. They per-
formed the miracles. They light-
ened our burdens, and brought us
new truths. There was less need
to rely on the concept of God to
explain the existence and func-
tioning of the universe.

The thinking developed that
everything could be studied and
explained by science. Physicists,
chemists, biologists, geologists
confidently gave answers while
theologians seemed to become
more and more out of touch with
the needs of the real world.

l slltrG: lffw woRtD
But then. about the end ofthe

19th centurl'. scientists who
were studring the deepest mys-
teries of matter and energy were
confronted q'ith a whole new
wa1' of looking at the world. As
phvsicists probed the vastness
of space and the heart of the
atom. what they discovered was
so different, so fantastic and ut-
terl!'unexpected that it seemed

to defy all common sense, all
logic and all reason.

Most of us still see ourselves
as living in a predictable three-
dimensional world, surrounded
by familiar, solid objects. Up is
up, down is down, and we usu-
ally know what time it is. But
the "new physics" is telling us
that this may not be the way it is
at all. Our everyday world may
be, at the fundamental level, a
very peculiar place. The most
common object-a pen, a
wooden spoon, or this booklet-
may be in reality a pulsating,
shimmering field of energy, held
in check by mighty forces that
prevent it from coming apart.

Today, those who work with
high-energy physics, probing the
beginning of time and the ulti-
mate building blocks of the uni-
verse, are finding that they may

some scientists into territory
that has typically been the pre-
serve of the philosopher and the-
ologian, whose jobs have tradi-
tionally been to explain what
cannot be adequately understood
by experiment and observation.

Religion, however, seems to
have lost its moorings at this
point in human development.
Today, it is rife with factions,
divided into sects, cults and de-
nominations, its clergy often un-
sure of themselves and their
mission. And tragical ly,  the
Bible, once acknowledged as a
reliable source of knowledge for
mankind from its Creator, has
been criticized, doubted and
downgraded. This has been done
not only by skeptics and agnos-
tics, but by those presumed to
understand it best.

It is tragic that the Scriptures

55 es we
acquire more knowledge, things do r-rot
become more comprehensible but more

myster ious.  ) )
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be hitting barriers where practical
experiments can go no further.

It is an interesting state of
affairs. After several decades of
astounding discoveries, physi-
cists in the high-energy field ad-
mitthey maybe reachingthe end
of their experimental rope. Re-
search at the leading edge must
be carried out in the laboratory
of the mind, where the tools are
those ofthe intellect (reinforced
by horrendously compl icated
mathematics). But this has led

have been so badly represented.
When properly understood, the
Bible adds a vital dimension to
the questions being raised by
those who are pushing the fron-
tiers of knowledge. We need to
look at the Bible and see if its
ancient light can illuminate the
rernarkable mysteries we are
pondering today.

But first, let's take a brief look
at the history ofreligion and sci-
ence, and understand why a gulf
opened up between them.

at



GROPING
TilUDARK

stronomy was
among the first of
the sciences to be
developed in the
West.  The early
civ i l izat ions of
Egypt and Meso-

potamia made a diligent and
careful study of the heavens.
The people were essentially
practical, so their investigations
were centered around the prob-
lems of everyday life. They saw
in the sun, moon and stars the
manifestation of the gods who
influenced every aspect of their
lives. What would the weather
be like for the harvest? When
would the river flood? What
would be the sex of the next
child? Consequently, their un-
derstanding became mixed with
deep superstition.

The ancient Greeks were the
frrst people to approach scien-
tific inquiry with a desire to
learn for learning's sake. Theirs
was a remarkable civilization-
considered one of the most pro-
ductive learning periods in his-
tory.

The Greeks were a deeply re-
ligious people. They strove for
perfection in mind and body,
and saw evidence of it in the
harmony of nature and the

symmetry of the heavens. Thus
they became intensely curious
about everSrthing around them.
They plotted the courses of the
stars and planets. They col-
lected fossils. They sorted birds
and beet les into categories.
They studied anatomy, art and
architecture. They developed
innovative theories of politics
and government.

The most scholarly and sys-
tematic of the Greek philoso-
phers was Aristotle (384-322
s.c.). He organized and classi-
fied vast amounts of informa-
tion about the world of
his time. Many of his
concepts in the ar- ;;
eas of astronomy,
anatomv and
physics greatly ,j
influenced sci-
entific thought
for centuries.

This was a
mixed blessing.
Because he relied
solely on observa-
tion and reason. Aris
totle had remarkable in-
sight in some areas. But in
other areas he was at best
inadequate and, at worst,
hopelessly wrong.

Reason and observation

ARISTOTTE
(384-322 e.c.)

effective if one argues from a
true premise. If the basis of an
argument is false, any[hing de-

duced from it may also
be false. It is rather

l ike typing with
5'our fingers not
properly placed
over the home
keys. As any
typist  knows,
the home keys
are where you

place your f in-
gers before you

start .  With your
____ f ingers properly or i-
EARTH- 

"nt"t" i .  
you can type

CEI|IERED quickll' and accurately. If
IHEQRY 1'ou don't start on the home

keys, the result will be con-
fusion.

are The Greek philosophers, when
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THOMAS AQUII{AS
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they based their argrments on
incorrect assumptions, made
some now-obvious mistakes. In
Aristotle's case, he reasoned
that the earth was the center of
the universe, and that the sun
and planets went around it. His
earth-centered theory of the
universe, further developed by
the astronomer Ptolemy in the
second century A.D., was the
standard explanat ion unt i l
modern scient i f ic methods
proved their superiority. Aris-
totle's methods and conclusions
were accepted until the 16th
century.

By the time the Greek civi-
lization became dominated by
the Romans, the Greeks had

-ade 
a useful start on the sys-

tematic compilation of knowl-
edge. They had asked a signifi-

cant number of  the r ight
questions and diligently pur-
sued the answers. Their great
libraries became vast store-
houses of information. In its
heyday, the library at Alexan-
dria alone may have held more
than half a million documents.
Unfortunately, Greek civiliza-
tion declined and their treasure
houses of information were
eventually destroyed.

The Romans, like the Egyp-
tians and Babylonians, were an
essent ial ly pract ical  people.
Brill iant architects, builders
and engineers, they were mainly
concerned with putting knowl-
edge to work. The Romans built
roads, bridges, aqueducts and
amphitheaters, some still in use
today, but they did little to ad-
vance the course of theoretical
science.

Tilt ltoHTS 00 ouT
After the Roman Empire fell

in the fifbh century A.D., scien-
tific progress virtually came to a
standstill in the West. The
Christian church, by this time
the state religion of the Roman
Empire, believed that Jesus
Christ would return at the last
judgment and the world would
end. The church's pr ior i ty,

therefore, was to prepare the
faithful for that event. Any-
thing-including scientific dis-
covery-that challenged the es-
tablished order was regarded as
a threat.

But as the lights dimmed in
the realm of Christendom, they
went on in the Arab world. If
the early Middle Ages were the
Dark Ages in Europe, they be-
came the golden age of Islamic
science. The Arab peoples, uni-
fied in faith and language, con-
tinued to develop science. They
preserved Greek learning and
carefully translated works that
might otherwise have been lost.

As their influence and their
empire expanded, Islamic schol-
ars had the opportunity to com-
pare the learning of both East
and West. From India, they
learned the use of the zero in
calculation. They also further
developed a new numbering sys-
tem that was much simpler
than the cumbersome Roman
method of assigning a numeri-
cal value to various letters of
the alphabet.

In the eighth century, the
Arabs learned from Chinese
captives the technique of paper-
making. With a steady supply of
paper, books became more com-

I
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mon. In the 10th century, the
great library at Cordoba, in Is-
Iamic Spain,  probably had
around half a million volumes.
At that time there were proba-
bly no more than several thou-
sand books in all of Europe.

But the tide of history ebbs
and flows. In the 12th century,
knowledge of the Greek philoso-
phers eventually began to filter
slowly back into Europe, and
with it came a reawakening of
scientific curiosity.

Science began a difficult and
painful rebirth. Difficult and
painful because the church had
become the supreme authority
and was still suspicious of the
influx of knowledge that chal-
lenged its traditional position.

Thomas Aquinas (1225-727 4),
the leading scholar of medieval
theology, considered human rea-
son an adequate instrument for
attaining truth about the physi-
cal world. Thus, he generally ac-
cepted Aristotle's ideas of physi-
cal phenomena as a foundation
for physical science. If God could
be known through his creation,
that creation could be known by
Aristotle. If Aristotle had rea-
soned that the earth was the cen-
ter of the universe, that would
also be the church's official view.

Scientif ic discovery that con-
flicted with Aristotle was sup-
pressed.

Medieval  theologians re-
garded man's salvation as the
very reason why the earth and
the heavens existed. So obvi-
ously, the earth was the center
of the universe and the physical
focus of God's creation.

Any other concept of the uni-
verse did not sit well at all with
the church. Did this not dimin-
ish the central role of Christ,
and his sacr i f ice,  and thus
strike deep at the founda-

NICOLAIIS COPERNICUS
(1473-1543)

tury was not any more ad-
vanced than the f i f th.  Most

work was done bv hand.
tions of the Christian ----{ 
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e Galileo builds his first
t€lescope (1609)

o Galileo s6es Jupit€r's moons and
Saturn's rings (1610)

o Galileo is asked bv
Catholic Church tci
abjure Copernican
doctrine (1633)

o Robert Hooke
describes cells for
the first time (1665)

o Copernicus' heliocentric (sun-centered) theory is
published ('1543)

GALILEO
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GATILE(l GALITEI
(1564-1642)

and the currents, trusting their
imperfect knowledge of the stars
and their crude instruments.

THROUGH A GIASS DANITY

years of meticulous calculation
Nicolaus Copernicus (1473

changing the of f ic ia l  v iews.
How could honest people be
asked to bel ieve what was
demonstrably untrue?

Some theologians may have
agreed with Galileo, but the tra-
ditional view prevailed. Mathe-
matical tricks and fuzzy images
in pr imit ive te lescopes had
nothing to do with the truth. It
was an insult to God. It was sor-
cery and an unpardonable inva-
sion of  the heavenly domain.
Copernicus' works were labeled
as heresy and banned, and
Galileo was ordered to keep his
ideas to himself.

Besides, at this time, the es-

for mischievous scient ists to
make a nuisance of themselves.

the church authorities remained l
adamant in their opposition to l
experimental science.

Men of genius l ike Leonardo
da Vinci  (1452-1519) and
Michelangelo (1475-1564) were i
continuing to experiment in less l
controversial areas, such as en- r
gineering, art and architecture. 'l
They were ahead of their t ime,
but their f lashes of bri l l iance
could not hide the fact  that  i
there sti l l  did not exist a system-
atic understanding of scientif ic
principles. Knowledge was frag- l
mented and disorganized, like a
book without a table of contents,
chapter headings or an index.

Someone was needed to tie
the fragments of information
into an overall framework of un-
derstanding.

IHT 8NIAIIHNOUGH!
That person was Sir Isaac

No amount of  fear and re- tabl ished church was having
pression can forever stop people enough trouble with the Protes-
from thinking. After man\-  tant  reformers.  This was no t ime

1543) rejected the cosmologl' of (NotthattheProtestantreform-
Aristot le and Ptolemy, and ers were any more enl ightened.
showed that the earth was a \lartinluthercalledCopernicus Newton (1642-1727), one of
planet revolving around the a fool intent on reversing the the world's greatest scientif ic
sun. But he was a prudent man, n'hole science of astronomy.) geniuses. He is best known for
not letting his work be pub- It is important to understand , formulating the theory of grav- l
l ished unt i l  just  before his that  men l ike Copernicus and i ty.  Newton, of  course, was not
death. Gali leo rvere not questioning the the first person to notice grav-

Gal i leo Gal i le i  (1564-1G42) author i ty.  of  the Bible.  They i ty.  The story of  the apple i
used the newly invented tele- maintained a deep respect for fall ing on his head as he sat I
scope to confirm the findings of the Scriptures. believing that under a tree is probably a leg- i
Copernicus.Hebeggedthescient i f icobserr 'at ionwaSacon-end.Buthewasthef i rst [o
church authorit ies to consider firmation of revealed truth. But recognize that the various ef- 

i

o Danish astronomer Ole R6mer discovers that lioht
travels at a finite speed (1676)

. Newton formulates his theory of universal gravitation
(1 680s)

o Newton's Principia Mathematica is published (1687)

o lndustrial Revolution in Enoland: steam enoines are
developed, quickening the-pace of industri;l progress
(1 740-i 780)

o William Herschel accidentally discovers "invisible
rays," later called infrared radiation {1800)

STEAM LOCOMOTIVE



fects of nature are governed by
universal laws. The force that
made an apple fall was the same
force that governed the motion
of the earth around the sun.

In 1687, Newton published
his remarkable book Philoso-
phiae Natural is Pr incipia
Mathematico, showing how the
previously unfathomable secrets
of nature could be expressed in
formulas and equations. New-
ton showed that although the
creation looks complicated, its
basic workings are quite simple.
It is like a watch, which at first
glance seems like a jumble of
springs, sprockets and gears,
but on closer examination is
seen to operate on basic me-
chanical principles. Newton dis-
covered a far-reaching princi-
ple:  Laws gouern physical
phenom.ena.

Newton's laws of mechanics,
gravitation and motion, along
with the invention of calculus,
gave scientists tools to under-
stand the world and even the
universe as never before. The
creation was seen to behave like
a giant clock that, having been
wound up, ticked steadily and
predictably along.

Newton was aware that his
methods only explained how the

/;::.

universe worked-not why. It is
interesting to note that he main-
tained a deep interest in theol-
ogy and spent his last years in
a study of biblical prophecy. But
ironically, his theories and laws
opened even wider the gap de-
veloping between religion and
science. The more natural phe-
nomena could be explained, the
more the grip of superstition
and dogma loosened.

The medieval concept of God
in heaven, and puny man here
below, continued to change.
Now man began to see that he
could become the revelator of
nature's secrets.

The scientists now had their
hands on the home keys. They
could learn from the mistakes
of the past, and apply the new
scientific techniques to explore
and experiment in ways never
possible before. The forces that
made the world work had be-
come definable, and what is
even more important, they be-
gan to be harnessed. It was the
breakthrough needed, and the
pace of invention quickened.

In 1851, Britain, the first in-
dustr ial  nat ion, staged the
Great Exhibition in London's
Hyde Park. The centerpiece
was the Crystal Palace, a monu-

mental structure of iron and
glass, a suitable temple to man's
newfound industrial genius. Be-
neath its soaring roof, the won-
derful inventions of the indus-
trial nations were arrayed for
the world to admire.

Eight years later,  Char les
Darwin published The Origin of
Species, in which he explained
his theories of the evolution of
life. At first even Darwin was re-
Iuctant to suggest the possibility
of such a complex creation as
man without a Creator. But his
theory led him to an inevitable
conclusion: Man was not a
unique creation. He was rather
the most capable, efficient and
intel l igent creature to have
evolved through the process of
natural selection. The human
race was the magnificent end
product of millions of years of
evolution. As Darwin explained
it, only' the fittest survived.

For a people becoming infatu-
ated rvi th their  own ingenuity,
this rvas the right idea at the right
t ime. The Western wor ld was
transforming itself into an indus-
trial societl'. ready to exploit the
earth's resources as never before.
Competition, it was claimed, was
the first law of nature, and man
had won. Might was right, and

888) o Marchese Guglielmo

o Jam6s Cferk Maxwell's Electilcity and Magnetism contains the basic laws of
elsctromagn€tism ('1873) o Heinrich Hertz uses Maxwell's theory to produce
long waves, now known as radio waves (1
Marconi inv€nts wireless telegraphy (1895)
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o Wilhelm K. Roentoen of

Germany discoveE X-rays
(1895)

r Marie and Pierre Curie
discover that thorium
gives off "uranium rays,"
which Marie r€names
radioactivity (1898)
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r tson Foucault uses oendulum susoended in
churc*r to demonstraie earth's rotrition (1851)

o Dmitri lytendeleev and Julius Lothar Mevgr oublish
versions ot the psriodic table of elemedts (1S69-1870)
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ISAAC I{EWTON
(1642-1727)

Newton's Prin-
cipia Mathemat-
ica, published in
1687, is consid-
ered one of the
greatest scientific
books euer writ-
ten. In it, New-
ton explained his
laws of motion
and theory of
uniuersal graui-
tation.

thus man had the right to domi-
nate the planet.

So dominate he did.

Tru TmUrPil 0r il(H1t010cY
Marvelous inventions trans-

formed the way the Western
world lived. No longer did it am-
ble along to the rhythm of na-

. JG€ph John Thomson of
E €land discoy€rs the
electron (1G14

ture. A network of canals, roads
and railroads joined the new in-
dustrial cities. Steam was har-
nessed and obediently pushed
the pistons that drove mighty
locomotives at unprecedented
speeds, or spun giant paddle
wheels that propel led great
ships across the oceans, inde-
pendent of wind and tide.

The invention of the internal
combustion engine made possi-

ble the automobile, and
with it a new freedom of
movement.

Thomas Edison's
persistent experiments
with electr ic l ight
turned night into day.
Messages sped along
telegraph wires strung
across the continents
and through cables un-
der the ocean. What
used to take days or
even months could

be accomplishednow
in seconds.

In 1895, Marchese Guglielmo
Marconi transmitted messages
without wires. and even the air-
waves began dancing to the new
tune.

What a world it was-with
great machines clanking and
puffing, their boilers hissing,

motors whirring, wires hum-
ming and sparks flying-all obe-
dient to predictable, definable
laws, and all under human con-
trol.

Even the depths of the uni-
verse became mankind's terri-
tory. Using Newton's laws, sci-
entists predicted, plotted and
found previously unknown
planets on the fringes of the
solar system.

And at the other end of cre-
ation, the smallest pieces of
matter were giving up their
secrets. Physicists had long ac-
cepted that matter was made up
of indivisible particles called
atoms. Now they began to pry
them open, discovering elec-
trons and the protons and neu-
trons that made up the nuclei.

About a hundred years ago a
young German student, Max
Planck, asked his teacher for
some advice on his future career.
He had two options. He could
become a physicist, or he could
study to be a concert pianist. Be
a pianist ,  he was advised.
"Physics is finished. . . . It's a
dead-end street." But young
Max Planck chose to walk down
the "dead-end street"  and
helped turn the world of science
upside down.

G, the fast
it is moving away from the earth (1929) o First electron micro-scopir buitt (1933)

o Discovery of the transistor (1948) o Laser technology conceived (1957)
o Quark theory proposed (1964) . Introduction of the microprocessor, now known

as the chip (1971) oConcept of the universe being 10 or'more dimensions (1976)
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erhaps we should not
blame Max Planck's
teacher for telling him
physics was a dead-end
street. It did seem, at
the end of the 19th
century, that all the

major theories were established
and the classical physicist's work
was done.

There were stiil many prob-
lems, but it was felt that at least
science was now on the right
track. The universe seemed like
a great machine, still largely un-
known, but thanks to Isaac New-
ton, at least explainable. What-
ever was out there could be relied
on to work predictably and co-
herently, obedient to the laws of
gravity and motion that ruled
the behavior of all moving ob-
jects.

But scientists began to notice
that Newton's laws did not give
an adequate explanation of all
observable phenomena. There
were still some awkward para-
doxes.

At the turn of the century,
Max Planck focused his atten-
tion on one of these paradoxes-
why heated objects radiated light
of different colors as they be-
came hotter. Most of us don't
give this a second thought, but
physicists realized this seemed
to contradict a basic law of
physics.

In 1900, Max Planck advanced
a revolutionary explanation: En-
ergy was not radiated in a steady
continuous stream, but in precise,
discrete units or "packages,"
which he called "quanta." His
idea helped explain the enigma of
radiated light-but it also opened
a door to a whole new way of look-
ing at the universe.

Although quantum theory is

now nearly a century old, most
people are still unfamiliar with
it. Even fewer understand it.
However, the expression "quan-
tum leap" has entered our lan-
guage to descr ibe a sudden
change in levels of activity or un-
derstanding.

For example, we could say that
we hope this booklet will be a
quantum leap in understanding
for you. We'll soon be looking at
some very peculiar ideas. If it
gets a bi t  bewi lder ing, don' t
worry. You're in good company.
One of the pioneers of quantum
mechanics, physicist Niels Bohr,
said,  "Anyone who is not
shocked by quantum theory has
not understood it."

Understandable or not, quan-
tum theory opened the door to
the equally bewildering theory of
relativity.

EIlISIEIl{'S lIGHI TAI{TASIIC
About the time that Planck

was advancing quantum theory,
a shy young man named Albert
Einstein was employed as an ex-
aminer at the Swiss patent office
in Bern. His job as a patent ex-
aminer allowed him much free
time, which he spent in scientific
investigation.

In 1905, Einstein published a
paper on the nature of light. Un-
til the 19th century, light had
been thought of as a wave that
traveled through "ether," a mys-
terious substance that flooded
the universe, Iike the water of a
cosmic ocean. But experiments
in the 19th century had failed to
detect this ether. So, reasoned
Einstein, if there was no ether,
light could not be a wave, be-
cause there was nothing for it to
"wave" through.

Given what Max Planck had

MAX PLAIICK
(1 858-1 947)

suggested-that light traveled
through space in little packets-
Einstein thought light must be
made of particles, which were
Iater called "photons." He dis-
covered. however. that in some
instances, light also behaved like
a wave. Light was both a wave
and a particle-a "wavicle." Be-
tween them, Max Planck and Al-
bert Einstein had opened a win-
dow on the extraordinary world
of relativity and quantum me-
chanics.

In 1905, Einstein also pub-
Iished a paper describing his
special theory of relativity,
which gave a theoretical under-
standing of a whole host of
strange effects in nature that
occurred near the speed of
light. Newton's laws had shown
that factors governing the
speed, direction and mass of an
object were constant and thus
predictable. For example, if you
knew an object's present loca-
tion, its speed and direction,
you could know for certain ex-
actly where it would be at any
given time in the future.

Einstein's special theory of
relativity suggested that the very
factors Newton had shown to be
constant, were in fact relatiue.
At very high speeds, mass would
increase. time slow down and

t0



ATBERT EII{STEIN
(1879-19s5)

According to Einstein's
general theory of rela-
tiuity, matter warps-
Or CU7UeS-"gpggg-
tirne," causing what we
experience as grauity.
Diagram at right shows
planet fo l lowing a
curued path in space-
time caused by a de-
pression made by a
star's great tnass.

objects actually shorten in the
direction of motion.

The only fundamental con-
stant with respect to an obsewer
was the speed of light, always
approximately 186,000 miles
(300,000 kilometers) a second.

Einstein's general theory of
relativity, published in 1916,
proposed an even stranger idea.
The characteristics of space and
time were influenced by the
presence of matter. Einstein sug-
gested that the universe was in
fact four-dimensional, with time
being the fourth dimension. He
visualized a universe as an ex-
panse of  four-dimensional
"space-time,tt a concept that
even some physicists still find
difficult to grasp.

According to Einstein, matter
caused depressions in space-time
(think of a bowling ball resting

on a mattress). The heavenly
bodies followed the shortest dis-
tance along the curves of these
depressions. The earth's orbit,
for example, followed a curved
path in space (or rather space-
time) caused by a depression
made by the great mass of the
gun.

This is difficult to compre-
hend, isn' t  i t? I t  gets even
stranger, as we'll see.

BEI{I SPACE A]ID IHT BIG IAI{G
Einstein explained that grav-

ity should not be thought of so
much as a force that acts on
solid bodies, but as the very
"fabric" of space-time. It could
warp space, slow down time and
even bend light.

This was very different from
the rather neighbor ly,  pr€-
dictable cosmos of Isaac New-
ton. For those who understood
the implications of Einstein's
theories, the universe once
more became a rather unset-
tling place.

The complex mathematics of
the theories of relativity indi-
cated that the universe was ex-
panding. In 1916, there was no
evidence to support this, and
Einstein, in what he later said
was the biggest mistake of his
life, altered the equations to fit

the accepted idea of a static uni-
verse.

Almost at the same time, the
astronomer Vesto Slipher con-
cluded from his observations
that about a dozen galaxies were
moving away from the earth at
speeds up to about 2 million
miles (3 million kilometers) an
hour. In 1929, further observa-
tions by the astronomer Edwin
Hubble verified Slipher's conclu-
sions. Far from being a constant
size, the universe was expanding
by many millions of miles every
day. Einstein's extraordinary
ideas seemed plausible.

This raised an obvious ques-
tion. If the universe was expand-
ing, there must have been a time
when everything in it was much
closer together. This led modern
physicists to a theory of the
origin of the universe popularly
known as the "big bang." It pro-
posed that there was a time
when euerything in the universe
was compressed into a single, in-
finitely dense point. Scientists
estimate that sometime between
10 to 20 billion years ago, this
incredibly dense mass "ex-
ploded" and began expanding at
a tremendous rate.

Although this theory is still
controversial, many scientists
believe it offers an explanation
ofthe origin ofthe universe.

According to the big bang the-
ory, all that we know and see-
all matter, all space, even time
itself-was created at that mo-
ment. The characteristics that
decided the nature of the uni-
verse were established. Obvi-
ously, nobody (nobody physical,
at least) was around to know
what was happening at the
time, but radio telescopes have
detected background radiation
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"noise" that comes from all di-
rections in the sky and is unre-
lated to any earthbound or indi-
vidual celestial source. Scien-
tists think it may be a faint
echo of the big bang.

One of the more challenging
adventures physicists have un-
dertaken in recent years has
been to theorize what the uni-
verse was like in the first dy-
namic moments after the so-
called big bang.

Matter would not have existed
as it does now. Even individual
atoms would not have yet
formed. The four fundamental
forces that scientists believe gov-
ern the behavior of matter-
gravi ty,  the electromagnetic

force, a strong nuclear force that
binds the nucleus of the atom.
and a weak nuclear force that
controls radioactive decay in na-
ture-theoretically existed only
as one "superforce."

Scientists today are hoping to
be able to recombine these
forces into a grand unified the-
ory. A single theory has been
developed for the electromag-
netic, strong and weak nuclear
forces, but gravity remains the

odd man out. So far, scientists
have been unable to "fit" it into
a unified theory.

Nevertheless, it is one of the
outstanding achievements of sci-
entists today to have pushed
back the frontiers ofunderstand-
ing and built a picture gf what
the universe waslike 10-a3 second
afber an event that scientists be-
lieve was creation. To give an
idea of how short that is. a thou-
sandth of a second, the limit of
accuracy of most stop watches, is
expressed as 10-".

Physicists are still probing,
but it seems that at about 10-43
second, calculations and formu-
las break down. Some doubt
that it will ever be known what

happened before this time be-
cause of the limits of man's
ability to theorize via experi-
mentation. But to push past
that barrier is one of the great
challenges of physics today.

THt Wo]{DIRIU] WoRLD 0t oUAn[S
Relativity is by no means the

strangest idea to come from the
new understanding of physics.
Even more peculiar are the the-
ories that offer a new wav of

66 I t  is
difficult to imagine that a handful

of residents of a small planet circling
an insignificant star in a small galaxy have as their

aim a complete understanding of the entire
universe, a small speck of creation truly believing

it is capable of comprehending the
whole. 9 9

MURRAY GELL-MANN, PHYSICIST

5 5 what the
Universe was like at day minus

before the big bang, one has no
The equations refuse to tell us, I

to speculate. ))
JAMES PEEBLES, PHYSICIST

one,
idea.
refuse

thinking about what things are
made of.

We have come a long way
from Aristotle's assumption
that the world is made up of
earth, fire, water and air. By the
19th century, scientists had
learned that the everyday world
was made up of combinations of
92 basic elements. Then they
discovered that the elements
were made up of atoms.

At the beginning of this cen-
tury, the internal structure of the
atom began to be understood.
There was a nucleus, surrounded
by electrons. Originally, electrons
were thought to orbit the nucleus
rather like planets in a miniature
solar system. That view has been
modified. The electron is now un-
derstood to be more of an enerry
field cloud fluctuating around a
solid nucleus, or rather, a not-so-
solid nucleus.

The nucleus itself seemed to be
composed of two smaller con-
stituents-protons and neutrons.
But were protons and neutrons
the end of the trail? Or were there
still finer levels of smallness?

In 1964, physicists Murray
Gell-Mann and George Zweig
showed evidence, later con-
firmed by experiments involv-
ing particle accelerators, that
protons and neutrons were in-
deed made up of even more ele-
mentary particles, which Gell-
Mann called "quarks."

If Einstein's view of the uni-
verse seemed strange, it was
even stranger to look into the
miniature world of quarks.
Again, "look" is not the right
word. You can't see quarks, and
not just because they are too
small. They also do not seem to
be quite "all there." They may
prove to be the fundamental
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PAHTICLE
ACCELERATORS

o invest igate the smal lest things in the universe,
scient ists need the largest scient i f ic instruments
ever built-particle accelerators, popularly known

as atom smashers.
The most oowerful of these devices accelerate

beams of positively and negatively charged particles
in opposite direct ions along a tunnel of  electromag-
nets. As they approach the speed of l ight,  the part i -
c le beams are diverted to col l ide head on. The col l i -
s ion produces tremendous energy, some of which is
converted into new, short-lived particles of matter.
(Einstein's famous equat ion, E = tnc' ,  shows that
mass and energy are interchangeable.)

By studying the behavior of these part ic les, some
of which last for less than a tr i l l ionth of a tr i l l ionth of
a second, scient ists are able to increase their  under-
standing of the basic structure of matter.

Using part ic le accelerators, scient ists hope to sim-
ulate the condit ions extant in the f i rst  moments of
the universe's existence. To produce such high levels
of energy, the particle beams must be accelerated to
as close to the speed of l ight as possible. Higher
col l is ion energies general ly mean bigger accelerators,

The largest accelerator in existence today, near
Geneva, Switzer land, is 16.7 mi les (27 ki lometers) in
circumference. The Superconduct ing Super Col l ider
(SSC), to be bui l t  in Texas, wi l l  be 54 miles (87 1 ki lo-
meters) in circumference. The SSC will project
beams to energies 20 t imes higher than has so far
been possible, enabl ing physicists to probe ever
deeoer into the heart  of  the atom.

Sophisrirc:. i detectors, such as the coLlider detector
(top) at ti',t Ftrn'tilab Teuatron accelerator near Chicago,
are useci ,, -q1,,rd results of subatomic particle coLli-
sions. l1-Arr - ': rr.r€. the detector is rolled to the right
beyond o .. i:. i .a:'r: '  door u'here it becomes part of the
accelerator i , : - :  . , ' : t ' .  Fermi lab's main accelerator tun'
neL (belott , : . - '  ir ' : :. t. '6..J km) in circumf erence. YeILow
and red col f  i3, ' : - ' : : :  cr€ st tperconduct ing magnets that
keeo the par: :  - . . ,  r t  ' , ' ,  t .  " . : t ' .



UNK (UNDER CONSTRUCTTON)
SERPUKHOV, U.S.S.R.
12-MrLE (19.3-KM) CtR.

SUPERCONDUCTTNG SUPER COLLTDER (SSC)
(rN DESTGN STAGE)
WAXAHACHIE, TEXAS
54-MrLE (87.1-KM) CtR.

FERMILAB TEVATRON
BATAVIA, ILLINOIS
3.9-MrLE (6.3-KM) CrR.

I]{JECTOR

ACCETERATORS

BE]{DIf{G MAGNETS

corusrol{ GHAMBER

Top diagram shows relatiue sizes of largestparticle accelerators
now running, under construction or pl,anned,. Simplified, dia-
gram (center) slwws an accelerator and its key components. Th,e
uiolent collision of subatornic particles produces trernendous
energy, some of which is conuerted into new, short-liued,
particles of tnatter Qeft). These particles leaue characteristic
trachs that can be uiewed on a cornputer screen (aboue).



Until about a hundred years a,go, the atom was thought to be the
smallest unit of matter. Since then, scientists haue discouered that
atoms consist of a number of tinier, subatomic particles. As shown in
th.e aboue diagram of the helium atom, protons and neutrons are
clustered, within the atom's central region, or nucleus. Swirling around
the nucleus is a third subatornic particle, the electron. Each proton and
neutron in the rurcleus is made up of three tinier particles called'
quarhs, which scientists now belieue to be the smallest units of rnatter.
Are quarhs the ultimate building blochs of matter? Only tirne will tell!

10

buildingblocks of all matter, and
yet they do not appear to have an
independent existence. An anal-
ory-although an imperfect one,
for there are no adequate words
to describe this strange world-
is a stitch in a knitted sweater.
The sweater is made up of
stitches, but you can't have a sin-
gle stitch by itself. It depends on
its relationship with others for
its existence.

Quarks are grouped to form
the protons and neutrons in the
atomic nucleus. They are bound
together by a force, transmitted
by what physicists call "glu-
ons." Gluons bounce back and
forth between the quarks trans-
mitting energy and momentum,
rather like a ball does when
children play catch with it. But
once again, no analogy really
conveys the wonder of this
weird dance of the quarks as
they jump and ryrate together
to make up the nucleus. Scien-
tists have given the various
types of quarks they have dis-
covered such whimsical names
as ttcharm,tt ttstrangertt tttoptt

and "bottom."

How ttll r $11||Y?
Although it is hard to grasp,

these quarks should not be
thought of as the smallest pieces
of matter. They are better de-
scribed as swirls of dynamic en-
ergy, which means that solid
matter is not. at its fundamental
level, solid at all.

This booklet, which seems so
solid, is really a quivering, shim-
mering, lacy lattice of energy,
pulsating millions of times every
second as billions of fundamen-
talparticles gyrate andspinin an
eternal dance. At its most funda-
mental level, this booklet is ener-



66 It seems for all purposes that
with the discovery of quarks we have

reached the end of our journey. But there is
an uneasy feeling among physicists that the trip

is not over. ))
HEINZ PAGELS. PHYSICIST

gy-just energJ held together
by forces of incredible power.

That is the best physicists
can do to describe what matter
is like until they can get a better
look at the fundamental parti-
c les.  But physic ist  Werner
Heisenberg indicated there may
be an insurmountable problem
that will prevent this.

To help us understand this
frustrating problem in dealing
with subatomic particles, let's
review a basic law of Newtonian
physics. Newton showed us that
if you know an object's present
location, its speed and direc-
tion, you can calculate where it
will be at a certain time in the
future. For example, you can
know where a car traveling at a
constant speed down a straight
highway will be in, say, half an
hour. But at the subatomic
level, things aren't so simple.

Heisenberg's theories led him
to the conclusion that we can
know either where a particle is
or how fast it is traveling. But
we cannot know both. The verv
act of measuring the particle al-
ters its behavior. Think of it as
try ing to measure wi th a
wooden ruler how far a billiard
ball is from the edge of a table.
As soon as you touch the ball
with the ruler, you move it ever
so slightly. So you can never
know its exact distance. It's the
same with particles.

Measur ing the part ic le 's
speed alters its position, and
measuring its position alters its
speed. You can have one or the
other, but not both. The best
you can have are probabilities.

rs ltolHtl{c GERIA[{?
Fortunately, none of this al-

ters anything in our everyday,

predictable world. When we fly,
or drive, or turn on the radio,
everything works according to
the basic laws of classical New-
tonian physics. Up is still up,
and down is still down. New-
ton's laws of physics even work
well for most of the things we
want to do in space. His formu-
las enable us to calculate accu-
rately the speed and direction of
a spaceship in orbi t .  They
proved a reliable way to calcu-
late a path to the moon and
back.

In the everyday world, na-
ture behaves normally. But as
we go farther out, or deeper in,
nature's laws seem less precise
and less predictable. As we
probe deeper and deeper into
nature, we seem to enter a
hazy, will-o-the-wisp, never-
never land where nothing is

solid or certain. It is a region
where the five senses can't go,
and where the mind can onlv
wander briefly, and quickly gei
lost.

Is it the end of the road? Are
quarks the ultimate? Or are
there yet smaller, even more ba-
sic building blocks to the mate-
rial universe? Are there still
other basic forces? If scientists
do succeed in unifuing the four
basic forces into a grand unified

66 rna
certain sense . . .you won't

really understand quantum mechanics deeply
unless you also understand the nature

of mind. ))
FREEMAN DYSON, PHYSICIST

theory, will it be the final tri-
umph of theoretical science? Or
the beginning of a new chapter?

How many dimensions are
there? Most of us have enough
difficulty tryrng to imagine four,
but some physicists are seri-
ously speculating that there
may be as many as 10 or more.

The world, as we are begin-
ning to understand it today,
seems more tantal iz ing yet
more difficult to understand
and more obscure than we had
ever dreamed.

Isaac Newton, reflecting on
his astonishing voyages of dis-
covery, said: "I do not know
what I may appear to the
world, but to myself I seem to
have been only a boy playing
on the sea-shore, and diverting
myself in now and then find-
ing a smoother pebble or a

prettier shell than ordinary,
whilst the great ocean of truth
lay all undiscovered before
me.t t

We have pushed the frontiers
of knowledge back further and
further, only to learn that we
may be still only on the edge.

According to physicist John
Bell, "Somehow we have come
to the end of the human capac-
ity to form sharp pictures of
what is going on."
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On August 6, 1945, a
single atomic bomb

was dropped on
Hiroshima, Japan,

deuastating most of the
city (far rieht). Photo

of mushroom cloud
(riehA was taken

seueral minutes after
bornb was detonated.

THE POWER OF THE ATOM
rinslsin's theories
Ishgllgysd some
htime-honored
assumptions about the
nature of matter. He
showed that mass and
energy are interrelated,
Like ice and steam,
they are ditferent forms
of the same thing and
in certain circumstances
are interchangeable.

Scientists had known
that matter could
produce energy as a
result of a chemical
reaction. For example, if
you were to set this
booklet on fire (please
don't) it would produce
heat, light and some
sound. But this

chemical process would
only release a small
percentage of this
booklet's total energy
potential. lf the reaction
were to take place at
the subatomic level, the
amount of energy
released would be
enormous.

To accomplish this,
the actual mass of the
atoms that make up the
elements of the paper
would need to become
"unfrozen" and turned
into energy, The energy
could then be calculated
by the famous equation
E = mc2 (where m is
mass and ce is the
speed of light squared).

lf all the energy
compacted in this
ZVz-ounce (71-gram)
booklet could be
released (it can't by any
means now known to
science), it would
supply enough energy
to run a city the size of
San Diego, California,
for 99 days. As you can
see, the energy
potential of what you
are holding in your
hands is enormous!

We had a dramatic
demonstration of the
power locked in the
heart of the atom on
August 6, 1945. About
22 pounds (10 kilo-
grams) of uranium were
used in the atomic bomb
that exploded over
Hiroshima. Of that, it has
been estimated that only
a fraction of the mass of
the uranium (about the
size of a pea) was
converted into energy.

Mankind had learned
how to unleash the
awesome power of the
atom.

It is the awesome
power of nuclear energy
that fuels the stars. The
massive reactions that
take place deep within
our sun convert about 4
million fons (3.6 million
metric tons) of the
sun's mass into energy
every second. The sun
is just one medium-
sized star in our galaxy
of some 100 bill ion
other stars. Our galaxy
is just one of an
estimated 100 bill ion
other galaxies, each
having perhaps 100
billion stars. And, on
average, each is
converting matter into
energy at the rate of
millions of tons every
second. Remember, it
took just a pea-sized
fraction of uranium in
an atomic bomb to
destroy Hiroshima.

Just how much power
is out there?

Nuclear fission and nuclear fusion are two kinds of
nuclear reactions that release trernendous amounts of
energy. Nuclear fission inuolues the splitting of a
heauy element, suchas uranium, to release energy (far
left). Nuclear fusion occurs when two lightweight nu-
clei combine and form a nucleus of a heauier element
(left). Repeated rnany times, fusion creates the energy
of the sun and the hydrogen bomb.
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TilUSHADOWSOFPROGRESS
o where are we? Sci-
ence is now probing at
levels in nature where
phenomena seem to
blur and dissolve into
ephemeral wisps of
energT. The quest for

"reality" has led us into regions
that seem decidedly surreal.

If, as John Bell said, we are
coming to the end of our human
capacity to really grasp what we
are learning, wi l l  we f ind
ourselves once again groping in
the dark? Or are the astounding
discoveries of the last few
decades pointing us in another
direction? That is what we will
discuss in the remaining chap-
ters of this booklet.

If the tools and methodology
of physical science are reaching
their limits of discovery, yet re-
uealing there is still more to un-
couer, does this mean that there
is an aspect of creation we will
never comprehend? If matter, at
its fundamental level, is a field of
enerry, could there be further
levels of creation that are not
physical at alJ? This is a possibil-
ity that must be considered.

In their quest to define the

5 6 lsciencel
cannot explain the existence of each

of us as a unique self, nor can it answer
such fundamental questions as: Who am I?

\X/hy am I here? How did I come ro be ar a
certain place and time? \What happens after death?

These are aII mysteries that are beyond
science. l !

JOHN ECCLES, NEUROSCIENTIST

As Paul Davies wrote in his
book Superlorce: "lf physics is
the product of design, the uni-
verse must have a purpose, and
the evidence of modern physics
suggests strongly to me that the
purpose includes us" (page 243).

Physicist Stephen W. Hawk-
ing, in his best-selling book A
Brief History of Time, con-
cluded: "If we do discover a
complete theory [that explains
all the phenomena in the uni-
versel, it should in time be un-
derstandable in broad principle
by everyone, not just a few sci-
ent ists.  Then we shal l  al l ,
philosophers, scientists, and
just ordinary people, be able to
take part in the discussion of
the question of why it is that we
and the universe exist. If we
find the answer to that, it would
be the ultimate triumph of hu-
man reason-for then we would
know the mind of God" (page
175).

These are not the kind of
statements that we are used to
hearing from pragmatic men of
science. But then, they them-
selves did not expect to be con-
fronted with this situation.
Their discoveries have taken an
unexpected turn, and cast them
upon an unfamiliar shore. They
set out to discover the what.
where, how and when of the
universe, but have arrived at
the point where they must con-
front the question of wuy. But
is it not the traditional role of
the philosopher and theologian
to question life's purpose and
meaning?

wflAT PHttosopHtRs AltD Tl|loloctA]ts
OUGHT TO TIIOW

Unfortunately,  at  a t ime
when learning is increasing in

natural world, scientists are
suspicious of theories that lean
toward ssmplexity. Their expe-
rience and intuition tell them
that there must be an underly-
ing simplicity and order. As
physicist  John A. Wheeler
wrote: "To my mind, there
must be at the bottom of it
all . . . an utterly simple idea.
And to me, that idea, when we
finally discover it, will be so
compelling, so inevitable, so
beautiful, that we vnU all say to
each other, 'Oh, how could it
have been otherwise?"'

Scientific evidence indicates
that the universe functions in a
systematic and orderly manner.
The implication is that it is not

the product of blind chance-
but of design-intelligent de-
sign.

Surely, an intelligent design
presupposes an intelligent de-
signer. An intelligent designer
designs with purpose, and if
there is indeed a purpose to the
creation, it must have a mean-
ing.

If there is meaning, should
there not be some way to find
out what it is?

1g



(6 I t  is hard
to resist the impression that

the present structure of the universe . . . has been
rather carefully thought out. t t

PAUL DAVIES, PHYSICIST

nearly every field, philosophers
and theologians have not kept
pace. Stephen Hawking summed
it up well: "Up to now, most sci-
entists have been too occupied
with the development of new
theories that describe what lhe
universe is to ask the question
why. Onthe other hand, the peo-
ple whose business it is to ask
why, lhe philosophers, have not
been able to keep up with the
advance of scientific theories"
(page 174).

It is surely a sad commentary
that, after nearly 2,000 years of
Christianity and some 3,500
years of bibl ical  t radi t ion,
philosophers and theologians

still cannot agree on even the
most basic explanations of who
and what God is, and his pur-
pose for creating man. In the
midst of the modern explosion
in knowledge, these questions
go unanswered, while those
whose business it is to know
have lost their bearings and got
themselves into a muddle.

Meanwhi le,  scient i f ic ad-
vances and technological break-
throughs have shaped the mod-

5 5 rhere
are problems to srhose solution

I would attach infinitelv grearer importance
than to those of mathematics, for example

touching ethics, or our relation to God,
or concerning our destiny and our future;
but their solution lies whollv beyond us

and completely outside the province
of science. ))

KARL GAUSS, MATHEMATICIAN

ern world. There is no question
that scientists have proven su-
perbly competent in what they
have set out to do.

As we come to the end of the
20th century, we've developed
marvelous new technologies,
bui l t  incredible machines,
spliced genes and split atoms. We
almost rout inely escape the
bonds of earth's gravity. And yet
a great paradox dogs the foot-
steps of our progress. In spite of
great technological  advance-
ments on nearly every front, the
world is becoming a more un-
stable, insecure and dangerous
place to live in. The improve-
ment in technolory has not been

accompanied by an improve-
ment in human character.

whv?

TUHIT SCIEilTFTS CAII]IOI DISCOYET
Natural scientists readily ad-

mit that questions of morality
and ethics, understanding a
purpose for life and laying down
the laws by which society
should be organized lie outside
their expertise.

There are. however. branches

of science that do try to address
these problems. They are
known as the social or behav-
ioral sciences. If social and be-
havioral scientists had been as
successful as the natural scien-
tists, the world might indeed be
a happier place. That they have
not can be at least partly ex-
plained by a major mistake that
arose out of the scientific revo-
lution of the last 200 years.

Filled with confidence over
spectacular advances in the nat-
ural sciences, mankind began to
assume lhat euery problem
could be analyzed and resolved
scientifically. Thus, subjects
that had never before been
thought of as scientific became
recognized disciplines of sci-
ence. Researchers in the behav-
ioral sciences approached sub-
jects as i f  they were an
extension of the natural sci-
ences. This was perhaps under-
standable since natural scien-
tists, armed with natural laws
and the scientific method. were
solving problems and inventing
new technologies at an ever-in-
creasing pace. So why shouldn't
the methods that were working
so wel l  for  the physic ist ,
chemist and engineer also work
for the sociologist, psychologist
and political scientist?

Surely, it was just a question
of researching the laws that
govern human relationships,
emotions, morality and ethics
using the same techniques that
had proven so successful in fur-
thering understanding in the
natural sciences. If the intricate
relationships between motion
and acceleration could be orga-
nized along scientific principles,
could not also the complexities
of organizing a society?
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Today, scientists in many
disciplines are realizing the lim-
itations of this approach. Ac-
cording to biologist Adolph
Portman, "No amount of re-
search along physical or chemi-
cal lines can ever give us a full
picture of psychological, spiri-
tual, or intellectual processes."

Sir John Eccles, Nobel Prize
winner and neuroscientist. said
science "cannot explain the exis-
tence of each of us as a unique

self, nor can it answer such fun-
damental questions as: Who am
I? Why am I here? How did I
come to be at a certain place and
t ime? What happens af ter
death? These are all mysteries
that are beyond science." An-
other Nobel Prize winner, physi-
cist Richard Fe5rnman, wrote: "If
you expected science to give all
the answers to the wonderful
questions about what we are,
where we are going, what the
meaning of the universe is, and
so on, then I think you could eas-
ily become disillusioned."

A WORID BTYO]ID TIIE PIIYSICAI?
Not everything that shapes

and moves the world can be

66 rne
scientific picture of the real world

around me is very deficient. It gives a lot
of factual information, puts all our experience
in a magnificently consistent order, but it is

ghastly silent about all and sundry that is really
near to ouf heart. that reallv matters

ro us.  t t
ER\TIN SCHRODINGER. PHYSICIST

explained in terms of physical
phenomena. There are other
forces at work that decide
what kind of a place the world
will be.

These forces cannot be mea-
sured with instruments, ex-
pressed with formulas or con-
trolled by technolory. They are
emotional forces like love, com-
passion, courage, loyalty and
joy-what we think of as the
components of human nature-

the way we express ourselves. If
these were the only ways we
humans expressed ourselves, all
would be well. But these posi-
tive forces have their counter-
parts-hate, cruelty, fear, re-
venge, anger,  jealousy and
pride.

Much of what has so drasti-
cally, perhaps catastrophically,
altered the face of the earth in
this century has been carved
out, not in a spirit of progress,
but in the spirit of greed, in the
spirit of competition and in the
spirit of oppression and envy.

Technological breakthroughs
are not able to prevent these
problems. Often they compound
them. Whereas once an angry

man could shoot an arrow a few
hundred yards and kill one of
his enemies, today he can press
a button and hurl a nuclear mis-
sile to the other side of the
earbh and destroy a clty.

We know that inuisible forces
tug, pull, push or grip every
physical object on earth and in
space. Why is it so hard to ac-
cept that there could be addi-
tional forces, just as real, that
influence our moods and emo-
tions?

We know what to expect
when we disregard laws that
govern the physical  world.
Planes crash, buildings fall and
bridges collapse.

Is it so difficult to accept that
when families break up, peace
negotiations fail, and nations
try to destroy each other, there
are also laws that are being bro-
ken? And that these are spiri-
tuallavts? The forces that cause
emotion, tempers, attitudes and
frames of mind may be hard to
measure and define, but they
are real.

Thousands of years of trial
and error have shown that any
branch of knowledge cannot re-
ally progress until the laws that
govern i t  are understood.
Whereas physical forces have
been quantified by science and
harnessed by technology, the
forces inherent in human na-
ture have proven not to be so
straightforward.

This is because these forces
cannot be studied by the same
methods that have helped us
understand the natural world.
They are outside the realm of
observation and experimenta-
tion.

Thus a full understanding of
these forceg can never come
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from natural science. Such
knowledge must be revealed by
another source.

The Bible is that source. In
this Book, the Creator God has
revealed information we could
not discover if left to our own
resources. God knew that with
our own ingenuity we'd be able to
discover the laws that govern the
physical world, but not the spiri-
tual laws that govern our minds
and emotions. Since we are not
able to understand these spiri-
tual laws on our own. God has
hadto reuealthem.When we re-
ject revealed knowledge, we cut
ourselves off from the only hope
of solving our most urgent social,
moral and spiritual problems.

And to
will be

Somewhere, sometime, son'Le-
how, mankind must face the
fact that if we are to continue to
go forward, we must understand
how to solve not only the phys-
ical, but the spiritual problems
that block our path.

German philosopher Arthur
Schopenhauer (1788-1860) once
said, "There are three steps in
the revelation of any truth: in
the first, it is ridiculed; in the
second, resisted; in the third, it

6( ro my mind,
there must be at the bottom

of it all . . . an utterly simple idea.
me, that idea, when we finally discover it,
so compelling, so inevitable, so beautiful,
that we will all say to each other,

'Oh, how could it have been
otherwise?' ))

JOHN A. \THEELER, PHYSICIST

is considered self-evident."
Could it be time to look at the

revealed truth of the Bible
again, not with the dim light of
a medieval monastery, but in
the brilliant glow of modern dis-
covery?

A II:UY LOOI( IT IHT BOOT
The Bible is not a science text,

but it is not anti-science. It tells
us plainly that there are valuable
lessons to be learned by observ-
ing the physical creation.

"The heavens declare the
glory of God," David wrote in
the 19th Psalm, "and the firma-
ment shows His handiwork.
Day unto day utters speech, and
night unto night reveals knowl-

edge" (Psalm 19:1-2).
Many centuries later, the

apostle Paul wrote in the epistle
to the Romans: "For since the
creat ion of  the wor ld His
[God's] invisible attributes are
clearly seen, being understood
by the things that are made,
even His eternal power and
Godhead" (Romans 1:20).

The physical creation tells us
something about other things
we cannot know, or at least

fully appreciate, with our physi-
cal senses. We experience this
when our emotions are stirred
by a magnificent sunset, a thun-
derstorm or the miracle of
birth. The workings of the nat-
ural world reflect power, har-
mony, precision, tenderness,
compassion, love and the unex-
pected. It is as if God gave us an
environment in which, the more
we understand, the more we can
know about him.

In which case, the fascinating
details of the creation beginning
to be revealedby modern physics
shouldbe a treasure house ofin-
sight. Although we may not yet
fully understand the intricacy,
harmony and beauty ofour natu-
ral world or the power and un-
fathomable immensity of the
universe, should not what we
have discovered lead us to a
greater appreciation ofthe "eter-
nal power and Godhead" of the
one who created it?

Should it not motivate us to
look, carefully and humbly, at
what he has to tell us in the
Bible? Is it not time to once
again acknowledge the truth of
the admonit ion in Psalm
111:10. "The fear of the Lord is
the beginning of wisdom"? If we
did, then we would begin to un-
derstand how to truly live in
harmony with not only physi-
cal, but spiritual law. We would
then discover the way to coexist
in peace and cooperation, and
to build a world where war,
poverty, hunger and injustice
are finally conquered.

And most significantly, we
would find the answer to the
ultimate question-what is it all
for? Why do we exist? What rs
the meaning of life? It is re-
vealed in the pages of the Bible.
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technologically ad-
vanced age needs
an explanation for
life that is intellec-
tually satisfying,
understandable,
plausible and logi-

cal, yet also motivating and up-
lifting. Whatever the purpose of
existence is, it must make sense
now.

We are the only species that
has ambition to be more than
what we presently are. We have
traveled to every corner of the
earth. We have even poked our
heads cautiously into space. We
have walked on the moon and
now a manned mission to Mars
is in our plans. We
dream of one day
building colonies in
space, and speculate
about journeying be-
yond the solar sys-
tem to the stars and
galaxies. The Voy-
ager 2 spacecraft, af-
ter sending back pic-
tures of the distant
planets, is now soar-
ing out to the edge of
the solar system and
beyond. Voyager has
been a brilliant feat
of technology, but it has also
been a sobering reminder of our
mortalitv.

Logically, we accept this-but
emotionally we cannot. Mankind
seems to be inherently dissatis-
fied with mere mortality, and the
confines of our terrestrial do-
main. It is as if, somehow. some-
where, deep in our consciousness
we know that there is more to i
existence than this mortal life. It t,
is as Solomon wrote in Ecclesi-
astes 3:11: "He [God] has put
eternity in their hearts." :

TfrIEDGE

tll GoD's ltxEl{Ess
The book of Genesis tells us

that God made us after his own
likeness and in his own image
(Genesis l:26-27). All other liv-
ing creatures were made "each
according to its kind" (verse
24). Only humans were made in
the form and likeness of God,
except that each human being
has a physical frame. From the
beginning, the Bible shows that
we have a special relationship
with our Creator.

A logical question to ask next
is: .I/ we are made after the
"God-kind," what kind of being
is God?

In Genesis 1:26. the Bible

Spectacular uiew of Saturn,
framed by four of its rnoons.
Photos comprising this com-
posite image were taken by the
Voyager spacecraft.

uses a plural pronoun "IJs,"
which accurately reflects the in-
tent of the Hebrew word ,Olo-
hinz used in this verse to de-
scr ibe "God." In this verse
"God" says, "Let Us make man
in Our image." Who are these
Beings who refer to themselves
as "IJs"?

OFETERNITY
John, one of Jesus' original

disciples, explains: "In the be-
ginning was the Word, and the
Word was with God, and the
Word was God. He was in the
beginning with God. All things
were made through Him, and
without Him nothing was made
that was made" (John 1:l-3).

This is straightforward
enough. There was "the Word"
who uras God, who also was
with God. John then goes on to
further explain the relationship.
"And the Word became flesh
and dwelt among us, and we
beheld His glory, the glory as of
the only begotten of the Father,
full of grace and truth" (verse
74).

So the one who had been the
Word, and who had actually
carried out the act of creation,
Iater came to earth as Jesus the
Messiah.

While he was on earth, Jesus
made it clear that there was one
who held a senior position to
himself. He called his superior
"the Father," establishing a re-
lationship that human beings
can readily understand. There
was a Father and a Son-God is
a family!

The understanding that God
the Father and Jesus Christ
share a family relat ionship
leads us in an exciting direction.
Let's follow it.

tAltY soils r0 clonY
A characteristic of families is

that they grow. But does God's
family grow? The Bible tells us
that it does. When writing to
the congregation at Rome, Paul
explained that Jesus Christ was
the "firstborn among many
brethren" (Romans 8:29,
emphasis ours throughout
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secret things belong to the Lord

our God, but those things which are revealed
belong to us and to our children

forever. ! t
DEUTERONOMY 29:29

Two Yoyager spacecraft  were
lnunched, in 1977 frorn the Kenned,y
Space Center in Florida. They haue
returned thousands of photos and uo-
luminous antounts of other data
about our solar system. Photos, chck-
wise from top right: Voyager liftoff,
Jupiter with three of its tnoons,
Jupiter's Great Red Spot, Saturn's
rings (color uariations indicate differ-
ent chemical composition), closeup of
spacecraft, cloud system in Neptune's
southern hernisphere. Center photo:
Superimposed uiew ouer horizon of
moon Miranda toward Uranus.

booklet). In his epistle to the
Hebrews, he explained that God
is in the process of "bringing
rlany sons to glory" (Hebrews
2:10).

Where will they come from?
Is Paul perhaps referring to an-
gels? The Bible makes it quite
clear that this is not the case:
"For to which of the angels did
He ever say: 'You are My Son,
today I have begotten You'?
And again: 'I will be to Him a
Father, and He shall be to Me a
Son'?" (Hebrews 1:5).

John, writing to the first-cen-
tury Church in his old age, ex-
plained more about how God
would bring "many sons to
glory." He said, "Behold what
manner of love the Father has
bestowed on us, that we should
be called children of God!"
(I John 3:1). And to quote Paul
once again: t'For as many as are
led by the Spirit of God, these
are sons of God. . . and if chil-
dren, then heirs-heirs of God
and joint heirs with Christ"
(Romans 8zL4,l7).

Could it be plainer? The
Scriptures tell us that God is a
family, with a Father and a
firstborn Son, who is charged
with the responsibility of bring-
ing many others to glory. We,
the human race, are those po-
tential children. We are physi-
cal replicas of the God-kind.
John goes on to explain:
"Beloved, now we are children
of God; and it has not yet been
revealed what we shall be, but
we know that when He is re-
vealed, we shall be like Him, for
we shall see Him as He is"
(I John 3:2).

We are mortal, of fleshly
birbh, subject to death and de-
pendent on the physical envi-

ronment of earth for life. In
that state we cannot reach our
full potential because "flesh and
blood cannot inherit the king-
dom of God; nor does corrup-
t ion inheri t  incorrupt ion"
(I Corinthians 15:50). So al-
though the men and women of
the earth are potential heirs of
God, a change must come be-
fore they receive their inheri-
tance.

Paul explains: "There is a
natural body, and there is a
spiritual body" (I Corinthians
15:44). Jesus is the only one so
far who has made the transfor-
mation. He was a spiritual be-
ing before he became a physical
man, and lived as a mortal on
earth. He was human and expe-
rienced the full range of human
emotions, even to the point of
enduring an agonizing death.

He, the Creator of mankind,
allowed himself to be offered as
a sacrifice so that he might also
become the Savior of mankind.

Before Jesus was crucifred, he
prayed to his Father in heaven,
"Father, glorify Me together
with Yourself, with the glory
which I had with You before the
world, was" (John 17:5). Jesus
knew that he would be resur-
rected not to physical life, but
to the level of God's existence.

Three days and three nights
after Jesus was buried, the Fa-
ther changed the battered life-
less physical remains of Jesus'
mortal body into an immortal
spirit being. Thus Jesus was
able to resume his eternal life,
at the side of his Father in a
spiritual environment that no
mortal can experience. God
alone "has immortal i ty,
dwelling in unapproachable
light, whom no man has seen or
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It took the Voyager 2 spacecraft
lmore than 12 years to reach
I Neptune, the eighth planet from
the sun. With its mission to the
outer planets finished, Voyager 2
is now soaring out to the edge of
the solar system and on into
interstellar space.

The distance the spacecraft
has traveled is about l/too ol 1
percent of the distance to
Proxima Centauri, the next closest
star to earth after the sun.

Because the universe is so
vast, distances between stars and
galaxies are usually measured in
terms of light-years. The distance
light travels in one year is
approximately 6 tril l ion miles (9.7
tril l ion kilometers). Neptune is
about 4.5 light-hours from earth.
Proxima Centauri is about 4.3
light-years away.

It Voyager 2 were heading
toward Proxima Centauri (it isn't),
it would not arrive there until
approximately 8O000 years!

Voyager 2 is hurtling through
space at about 40,000 miles
(64,000 kilometers) an hour. Even
if it were traveling at 30 million
miles (48 million kilometers) an
hour. it would take more than a
lifetime to make even a one-way
trip to the nearest star in our
own galaxy.

The distances of galaxies from
earth are measured in terms of
millions and even bill ions of
light-years. And scientists say
they are getting farther awaY all
the time. This does not diminish
the outstanding success of the
Voyager program, but it does Put
it in perspective. Mortal man is
confined to a very small corner of
the universe.

The Milky Way galaxy (bottorn
cube), one of billions of galaxies in
the uniuerse, rs approxirnatelY
100,000 light-years across. It is so
uast that our solar system (toP
cube) is a rrcre speck in compari-
son. The sun and a few of its clos-
est neighbors, including Proxima
Centauri, the next closest star to
earth after the sun, are shown in
the middle cube.



can see" (I Timothy 6:16).
Jesus Christ was changed

from mortal flesh to immortal
spirit by means of a resurrec-
tion. The same thing will hap-
pen to others when he returns
to earth. The Bible tells us that
at that time. converted children
of God will be changed "in a

moment, in the twinkling of an
eye, at the last trumpet. For
the trumpet will sound, and the
dead [in Christ] will be raised
incorruptible, and we [who are
alivel shall be changed. For
this corruptible must put on in-
corruption, and this mortal
must put on immortality" (I
Corinthians 15:52-53).  Other
scriptures reveal that every hu-
man being who has ever lived
will ultimately have an oppor-

( (  Science
cannor solve the ultimate

mystery of nature. And it is because
in the last analvsis we ourselves are

part of the myster)' we are trying
to solve. ))

MAX PLANCK, PHYSICIST

tunity to receive immortality.
Can we begin to grasp what

these scriptures are telling us?
God the Father and Jesus
Christ want us to share eter-
nity with them as spirit-com-
posed members of their fam-
ily-spiritual children of the
Father, and spiritual brothers

of the Son. We were indeed
created with the potential to
live forever-not for just a few
years of mortality on earth.

ETTNillIY AilD TTA]ITY
The Bible shows us that we

can transcend the limitations
of physical existence and be-
come members of the family of
God. We can only begin to
grasp the implications of what
that means, for as Paul wrote

Map drawn from photographs
taken from obseruatories shous
the entire celestial sphere of
stars uisible from earth. White
band of clouds and stars is the
disk of the Milky Way galaxy.

to the Corinthians, "Eye has
not seen. nor ear heard. nor
have entered into the heart of
man the things which God has
prepared for those who love
Him" (I Corinthians 2:9). The
full wonder of our human po-
tential is beyond our capacity
to grasp. But perhaps the dis-
coveries at the frontiers of
knowledge can help us under-
stand that there ls a reality out
there beyond our senses.

The words the apostle Paul
wrote nearly 2,000 years ago
should have an even greater
impact today: "For since the
creation of the world His invis-
ible attributes are clearly seen,
being understood by the things
that are made, even His eternal
power and Godhead, so that
they [the skeptics in Paul's
day] are without excuse" (Ro-
mans 1:20).

How much more are we with-
out excuse, we who have probed
the far reaches of the universe
and glimpsed the strange work-
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ings of inner space. We are in
a better position than ever be-
fore to begin to comprehend
the power and majesty of the
Creator. And to be awed by
the realization that we were
created to share that immortal
spirit life as members of the
fami ly of  God. And also
sobered as we acknowledge our
present inadequacies-both
physical and spiritual.

In the universe there may be
as many as 100 billion galax-
ies, each with perhaps 100 bil-
lion suns, each converting mil-
lions of tons of matter into
energy every second. We have
learned how to harness a mi-
nuscule amount of that kind of
power. But we use it to build
weapons that could destroy

our little corner of the uni-
verse. We, in our present state,
are not ready for eternity!

TAI{f,I]{D OiI IHE IHRESHOI.D
Three thousand years ago,

David the psalmist looked out
into the universe and was
moved to write: "When I con-
sider Your heavens. the work
of Your fingers, the moon and
the stars, which You have or-
dained. what is man that You

66 By faith
we understand that

the worlds were framed
by the word of God, so that the things

which are seen were not made
of things which are

visible. ))
HEBRE\TS 11:3

are mindful  of  h im. .  .  ?"
(Psalm 8:3-4).

We know so much more to-
day. If we take what we have
learned. and examine it with
the timeless light of what is
revealed in the Bible, we can
understand why God is mind-
ful of us mortal humans. We,
who are made in the image of
God, have the potential to
share God's character,  his
glory and his eternal existence.

We find ourselves part of a
magnificent physical creation,
which is part of a spectrum of
all that exists. At the edges of
what we can observe, this cre-
ation expands into unthinkable
immensity and dissolves into
unimaginable smallness. Its
limits-if there are limits-lie

beyond our grasp for now.
And yet, they are attainable.

There is one who has shown
us that the dimensions beyond
our experience will not always
be out of reach. Jesus Christ,
the Creator who formed the
visible creat ion from that
which is not seen (Hebrews
11:3), has paved the way for
us.

About 2,000 years ago, Jesus
was born as a mortal human

being, and l ived on earth,
sharing the experiences, the
problems, the frustrations and
limitations of those he had
created. He allowed himself to
be killed, a sacrifice for the
sins of all humanity. But after
three days and three nights he
was resurrected, and the power
and glory he once had as an
immortal member of the God
family was restored. "He is the
image of the invisible God, the
firstborn over all creation."
wrote the apostle Paul (Colos-
sians 1:1.5).

BuI only the /rrstborn. All
humanity was created to have
a place in God's family. Paul
continues: "For by Him all
things were created that are in
heaven and that are on earth,
visible and invisible, whether
thrones or dominions or prin-
cipalities or powers. All things
were created through Him and
for Him. And He is before all
things, and in Him all things
consist" (verses 16-17).

As Creator. as Firstborn and
as Savior, Jesus Christ plays a
central role in the future of ev-
ery human being. We will not
be ready for eternal life until
we have learned to live and
think as he does. The potential
is there, but we cannot make
progress by ourselves. It must
be a partnership, between will-
ing and humble human beings,
and their loving and merciful
Creator. Once that partnership
has formed, the process of de-
veloping godly character can
begin.

Only then can we fulfill our
ultimate destiny and advance
from morbality to immortality-
to become spir i t -composed
members of the familv of God!
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If you are interested in learning more about the purpose and potential of the human race, we
recommend the booklets listed below. Like Groping in the Light, these booklets are published
by the Worldwide Church of God, and are available free of charge. To request your cbpies, fill
in the enclosed card and send it to the address of our office nearest vou.

Why Were You Born? The astounding pur-
pose for your life is discussed in detail.

Your Awesome Future Learn more about the
awesome future God has in store for us.

What Is Man? Discover what makes us unique
from all other creatures on earth-and why.

Is God Real to You? Herc's how to establish
contact with God and receive his blessings.
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