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A Life of Science and Faith

A Harvard Scientist Reflects on Vocation, Science, and why 1.D. Can't Get a Rocket to Jupiter

Astronomy and of the History of Science
at Harvard University and senior astrono-
mer emeritus at the Smithsonian Astrophysi-

0 wen Gingerich is Research Professor of

cal Observatory of the Harvard-Smithsonian
Center for Astrophysics. Dr. Gingerich is a
leading authority on the 17th-century German
astronomer Johannes Kepler and Nicolaus
Copernicus, the 16th-century cosmologist who
proposed the heliocentric system.

Starting in the 1970s, Gingerich began
surveying all known copies of the 1543 and
1566 printings of Copernicus’ great book De
revolutionibus orbium coelestium. The completed
census eventually described 277 copies of the first
edition and 324 of the second, located in librar-
ies and private collections throughout Europe,
North America, Asia, and Australia. Gingerich
compiled his results in 4n Annotated Census of
Copernicus’ De Revolutionibus, which describes
the provenances, annotations, margin notes,
and condition of all surviving sixteenth-century
copies of this major Renaissance
text. A popular account of his
Copernicanadventures, The Book
Nobody Read: Chasing the Revolu-
tions of Nicolaus Copernicus, was
published in 2004.

Besides nearly 600 techni-
cal or educational articles and
reviews, Gingerich has written
more popularly on astronomy
in several encyclopedias and
journals. Two anthologies of
his essays have appeared: The
Great Copernicus Chase and
Other Adventures in Astronomical
History and The Eye of Heaven:
Prolemy, Copernicus, Kepler. At
Harvard he taught “The Astro-
nomical Perspective,” a core
science course for non-scientists,

which at the time of his retirement in 2000 was
Harvard’s “longest-running course under the
same management.”

First published in 1543, Copernicus’ De
revolutionibus introduced the world to the
concept of a heliocentric universe. Copernicus
detailed how the motions of the sun, moon,
planets, and stars could be explained if Earth
orbited the sun — a revolutionary idea when
most scientists were sure that all celestial objects
revolved around Earth.

“I began this census to gain new insights
about Copernicus at the 500th anniversary of
his birth in 1973, but the project took on a life
of its own as I gradually began to realize how
much we could learn about the early reception
of Copernicus’ radical ideas. Radical not for us,
but for those 16th-century skeptics, and that’s
what makes it so interesting,” says Gingerich.
“The final results of my census give us new
understanding of that scientific revolution in

the making.”

Owen Gingerich with bis second edition (1566) of the epochal De Revolu-

tionibus orbium coelestium by Nicolaus Copernicus

In April Dr. Gingerich sat down with
SciTecht editor Bill Mclvor for a wide-ranging
interview about Copernicus, vocation, science
and faith, the Bible, and why Intelligent Design
will never get a rocket ship to Jupiter. Here are
excerpts of that conversation.

ST+: I mentioned that PASTCF gives an
award annually to people who are scientists or
in science-related fields and who feel such to
be a Christian vocation. As I read your book
about Copernicus, I was curious about your
own sense of vocation and how you came to
do what you do.

OG: Well,in a way it has an interesting history.
Iwenttoachurchschool,aMennonite college in
northern Indiana, where the motto was “culture
for service.” There was a lot of discussion that
back in historical times people were more or less
locked into their profession by what their parents
did or rather closed circumstances. But today we
have a very wide choice of what we want to do.
So the question was,whatwould
be culturally relevant? Iwasvery
muchinterested inscience and I
saw the path through chemistry
could lead to making medicines
or all sorts of things that might
be useful to people.

Astronomy seemed to be
peculiarly useless! As I've often
said, about as useless as poetry.
Which, of course, gets the goat
of the English teachers.

But I didn’t realize until
relatively recently what one of
myundergraduates found when
he wrote his history of science
honorsthesison the science-reli-
gion dialogue since World War
II.Heuncovered the interesting

Gingerich continues on page 7 >>>




PRESIDENT'S CORNER P

BY | DEREK PURSEY

n my last President’s Corner I pointed out the huge gap
I between a scientific understanding of the world and the

central claims of the Christian faith. I cannot leave this
subject without some effort at resolving the difficulties. In
my next few columns, I shall try to explain some of my own
thinking about these issues.

In this column, I describe science as I see it, and why
I think it must by its very nature provide an incomplete
understanding of reality. The next column of the series will
look at religious faith. In a later issue, I shall sketch some of
the proposed ways of resolving the difficulties, and indicate
why I find most of them wanting. In a final column, I shall
offer some tentative thoughts of my own, while admitting
that they fall short of what I think is needed.

Most of us were taught in school that scientists make
a hypothesis, use logic to deduce some of its consequences,
and then perform experiments to test the predictions. If the
experiments agree with the deductions, we gain confidence
that the hypothesis is correct. If there is disagreement, we try
to modify the hypothesis to bring about agreement, or as a last
resort abandon it altogether for a different one. Whether or
not our experiment or observation agrees with the hypothesis,
we design yet more tests, gradually building up a reliable body
of objective knowledge.

While this picture is partially true, it is an oversimplifica-
tion. There are so many diverse sciences, each with its own
approach dictated in large part by the subject matter under
study, that philosophers of science have given up on defining
science or scientific method. However, there are characteristics
that permit us to recognize science when we see it.

All'science begins with a search for patterns or regularities
— patterns of structure, motion, or behavior. A good theory
recognizes common patterns in a wide variety of seemingly
different phenomena, and also suggests fruitful new lines
of inquiry. Newton’s Law of Universal Gravity is a good
theory because it lets us understand objects falling on Earth,
the orbits of the moon and the planets, and the trajectories
of space probes, all as examples of the same fundamental
regularity in nature.

Science demands objectivity. A discovery is not accepted
as science unless it is believed that anyone suitably equipped
and trained could make the same discovery. When possible,
discoveries should be doubly or triply checked, using inde-
pendent methods. For example, at least three quite different
kinds of astronomical observations lead to the conclusion
that only about 4% of the stuff of the universe is the kind
of stuff that physicists can investigate in the laboratory. The
remainder is thought to consist of two mysterious substances
known as dark matter (about 26% of the universe) and dark
energy (about 70%).

Whether a falling object is a stone or a person is irrelevant
for Newton’s Law of Gravity, though not for the person or
stone. Every scientific theory is an oversimplification, because
in order to concentrate attention on regularity, many aspects

The Limitations of Science

Some reality cannot be caught in the scientific net

of phenomena are deliberately ignored. For example, an
ecologist may study how populations of different species in
an area interact, but will not worry about differences between
individual members of the same species.

It follows that every theory is only approximate. No

experimental result or observation perfectly fits even the best-

established theory. The comparison of observation with theory

is statistical in character, even in a so-called exact science such

as physics. Measurements are always limited in their precision.

Furthermore, the things that are deliberately ignored in order

to make calculations tractable— for example, vibration caused

by a truck passing the laboratory — do affect measurements.
So physicists must estimate how “random” errors affect the
accuracy of their measurements. Other sciences rely even
more on statistical analyses of data.

When a scientist asserts that something is “random” or

happens by chance, it means that the cause falls outside of the

particular theoretical framework being used to describe the

phenomenon. For
example, when an
evolutionist talks
about a random
mutation,she does
not mean that the
mutation had no
cause, but rather
that the mecha-
nism causing the
mutation is not a
part of the theory
of evolution.
Randomness
leads to the idea
of contingency. An

eventiscontingent

All science begins with a search
for patterns or regularities —
patterns of structure, motion, or
behavior. A good theory recog-
nizes common patterns in a wide
variety of seemingly different
phenomena, and also suggests
fruitful new lines of inquiry.

if it could have been different without violating whatever
is already known about the event and what went before it.
Contingency is essential for the success of all good theories.
Newtonian dynamics, quantum mechanics, and modern evo-
lutionary theory are too general to be tested directly. Instead,

specific situations having many contingent features are used

to illustrate the regularities described by the theories.

Of course, most scientists assume that an apparently

contingent event could be completely explained if only we

had enough initial data and sufficient computing power.

(However initial data, no matter how precisely known, are

themselves contingent!) This is challenged by two twentieth

century developments in physics. The first is quantum theory,
perhaps the most thoroughly tested theory in the whole of
science and not yet found wanting. However, all quantum
theory can do, except in very special circumstances, is predict
probabilities, not certainties. This means that the result of a
quantum experiment is intrinsically contingent within the

“Limitations” continues on page 11 >>>
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PART TWO p

The Origin of Controversy
Official Preshyterian Response to Darwinism

By the Reverend Robert A. Keefer

PASTCF Board Member

Part Two of Four

bit at the “Woodrow Affair” in the Presbyte-

rian Church in the United States and a simi-
lar dispute in the Presbyterian Church (USA),
noting that there was little documented official
response to Darwinism in the northern Church.
The one instance we can consider in some detail
will be the subject of my fourth article. Before
that, however, it is instructive to look briefly at

I n my first article for this series, we looked a

the thinking with respect to evolution of some
prominent Presbyterians of the time.

Of particular interest is the Princeton theo-
logian Charles Hodge, whose last book-length
work was What Is Darwinism? published in
1874. He concluded that it was atheism, not
in any direct denial of God nor any implicit
or explicit atheism of Darwin himself, but in
that Darwinian theory was ateleological.! A
short look at Hodge’s Systematic Theology will
represent the point.? Although Hodge admitted
the possibility of theistic evolution and gave Asa
Gray as an example of a theistic evolutionist,
he denied Darwinism that label because of its
strict materialism after the initial creation of
life. Hodge wrote:

“God, says Lamarck, created matter; God,
says Darwin, created the unintelligent living
cell; both say that, after that first step, all else
follows by natural law, without purpose and
without design. No man can believe this, who
cannot also believe that all the works of
art, literature, and science in the world
are the products of carbonic acid,
water, and ammonia.”

Darwinism was atheistic, in
Hodge’s view, because it denied
thebiblical affirmation that God
intentionally created humanity
with a purpose in mind.?

Hodge was not a young-
earth creationist in the style of
late 20th-century creationism.
He argued against using the Bible
to determine a chronology of years,
since it is inexact and inconsistent
in its use of generation, beget, and bear.*
In other respects, however, he insisted

Charles Hodge

on belief in the historicity of the account in
Genesis 2-3, in part because that historicity is
essential to the “whole doctrinal system revealed
in the Scriptures.” Hodge acknowledged that
the Greek Fathers did not have an established
doctrine of original sin; the formulation of the
doctrine awaited Augustine, who developeditout
of necessity to counter heresy. Yet the doctrine
of sin that has arisen, however many theories
there may be to describe it, has in all its forms
four points of consistency that Hodge believed
to be essential to Christian faith:

1. All human beings in our present state are
sinners.

2. Thisuniversal sinfulness had “its historical
and causal origin in the voluntary apostasy

of Adam.”

3. Salvation from sin is gained only through

Christ by the Holy Spirit.

4. Even newborns need regeneration in

Christ.6

So Hodge opposed Darwinism because of its
denial of teleology and also because it under-
mined the historical underpinnings of the
doctrine of original sin. We will see below how
this proved significant in one assault Hodge
made within the General Assembly.

Guyot and Gray

Another important Presbyterian in the discus-
sions over evolution in the late 19th century was
Arnold Guyot,a member of the National Acad-
emy of Sciences and professor at the College of
New]Jersey (now Princeton University).
Guyot formulated a day-age reading
of Genesis 1 that accommodated
evidence of an ancient earth with
the scriptural account of its cre-
ation. Although hailedin 1880
by the Presbyterian Observer
as an antievolutionist, in his
last statement on the matter
(1884) he insisted on special
creation only at three points:
(1) matter from nothing, (2)
life from nonliving matter, and
(3) spiritual humanity from animal
life. All else could have evolved by

natural law.’
AsaGraywas theleading Calvin-

ist promoter
of Darwinism
in America,
but he was a
member of
a congrega-
tional church.
Livingstone®
identified him
with New
School Pres-
byterianism,
butNumbers’
called him an
“active Con- Asa Gray
gregationalist.” Review of minutes of the General
Assemblies of the period shows that there were
Congregationalist churches that were members
of the Presbyterian Church in the United States
of America. One of the priorities of the period
was attempting to bring those churches toamore
Presbyterian polity. So perhaps both authors were
correctin that Gray belonged to a Congregation-
alist Church while being a Presbyterian.

Inany event, Gray taught botany at Harvard
and was already an evolutionist before reading
The Origin of Species. He had written before the
publication of Darwin’s book that “a notable
proportion of the more active-minded natural-
ists had already come to doubt the received
doctrine of the entire fixity of species, and still
more that of their independent and supernatural
origination.” For some time he argued both the
evolution of species by natural selection and the
special origination of human beings, proposing
that the organic variations on which natural
selection worked were due to divine providence.
By 1880, however, he no longer believed there
was anything “directly supernatural” about
human origins.*

McCosh, A. A. Hodge, Warfield

Less critical to this particular study but worthy of
mention are James McCosh, Archibald Alexan-
der Hodge, and B. B. Warfield. McCosh served
as President of the College of New Jersey for
two decades beginning in 1868 and articulated
arevised argument from design by the pattern of
evolutionary progress. He asserted it was a waste
of effort to deny evolution; rather, effort could
more profitably be putinto exploring its religious

“Controversy” continues on page 4 >>>
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CONTROVERSY P

>>> “Controversy” continued from page 3
dimensions.!

A. A. Hodge was son and theological heir
to Charles Hodge. No doubt influenced by
Asa Gray,
theyounger
Hodge
came to
accept that
the evolu-
tion of life
could be
the work
of divine
providence
and grace.
Warfield
joined the
faculty at
Princeton in 1887; he had been influenced in
his thinking about natural history by his father’s
work asa cattle breeder (just as Darwin had been

James McCosh

influenced by his own observations of artificial
selection) and by the writing of James McCosh.
As a result, in his earlier years he thought of
himself as “a Darwinian of the purest water,”
although he began to develop reservations as
his theological work developed. With respect to
Darwinism’s ateleology, Warfield ascribed that
to Darwin’s own failure to understand divine
providence. Modern “creationists” often rely on
Warfield’s theory of biblical inerrancy, without
reference to Warfield’s own provisional accep-
tance of evolution and his wholesale acceptance
of the antiquity of the earth.?

The “Historic Principles of Church Order”
(Book of Order, G-1.0300), which date from
1788, include the principle that “truth is in order
togoodness.”(G-1.0304) Thus,commitments of
faith have oftenled to activism within the church
and in the world. Charles Hodge’s involvement
in a political question in the 1860s illustrates
his conviction that strict understanding of the
Westminster standards of faith, including a
literal reading of Genesis 2-3
—sceespecially Westminster
Confession Chapters VI and
VII—required opposition to
the Reunion of Old School
and New School Presbyte-
rianism.

Fifty-eight commission-
ers to the 1868 Old School
General Assembly filed a
strong formal protest against
the terms of Reunion. Their
reason was that the terms
required the acceptance of
the doctrinal standards of

B. B. Warfield

both branches of the Presbyterian Church.
The protesters claimed that the New School
permitted denial of the doctrine of original sin,
which is “the foundation of the whole plan of
redemption, and is professed and symbolized
in every act of infant baptism.” The protesters
called attention to seven other specified errors,
one of which was: “itis denied that there was any
covenant made with Adam.” Thus, each person
is responsible for his or her own sin, rather than
being a sinner who “fell with [Adam] in his first
transgression.” These fifty-eight did not claim
that the New School Church officially approved
of these errors, but rather that students who
professed them were “freely admitted to the
New-School presbyteries.” One of the signatories
to the protest was Charles Hodge.™*

The reader can see the influence of Hodge’s
thinking on the subject of the historicity of
Adam’s transgression and the centrality of the
doctrine of original sin in this protest. Although
his Systematic Theology was not to be published
for another four years, the words of the pro-
testers foreshadowed the language of Hodge’s
volume on anthropology. It would take further
research to discern whether Hodge authored
the protest, but it is not incidental that he was
signatory to it.

It was a master-stroke that the Assembly’s
formal response to the protest quoted Hodge
himself. First, the Assembly answered that the
New School Church was properly Calvinist,
not Pelagian or Arminian, and the Auburn
Declaration® explicitly rejected those doctrines
troubling the protesters. The Assembly also
noted that presbyteries (Old School and New
School) had the responsibility of satisfying
themselves that candidates held orthodox views,
without mining all the nuances underneath those
views. On that subject the committee writing
the response to the protest employed a quota-
tion from a speech Charles Hodge made at the
Presbyterian National Union Convention in
November 1867. Urging that Presbyterians not
be too strict in the terms of
reunion, looking too closely
into one another’s minds,
Hodgessaid,“God grant that
we may unite on terms so
simple, so reasonable, and,
I must hope, so satisfactory
to every sincere, humble,
Christian brother.”

Around the apparently
straightforward question
of the reunion of separated
Presbyterian churches, the
specter of new thinking
hovered, thinking that could

A. A. Hodge

challenge the structure of orthodoxy. Charles
Hodge, whose conclusion that Darwinism was
atheism was significant to the architecture of
his systematic theology, protested the terms of
that reunion because it did not decisively banish
the specter. It was not new thinking itself that
ignited the protest of Hodge and his colleagues,
but their view that presbyteries’ failure to be
rigorous was allowing new thinking to resurrect
old heresies. The Presbyterian Church was to be
solidly Calvinist and that meant Augustinian;
Pelagians need not apply.t

Robert A. Keefer is a minister in the Presbytery of
Cincinnati, a doctoral candidate in theology and
science at Union Institute && University, and a

member of the Executive Board of PASTCF.
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Regent College Publishing, 1984) 102-104.

2Charles Hodge, Systematic Theology, vol. 11 [originally published
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AT GHOST RANCH SANTA FE }

Ecumenical Roundtable on Science,
Technology and the Church

By Margaret Towne, Ed.D.

PASTCF Board Member

at Ghost Ranch, Santa Fe, NM. We Pres-
byterians were hosts this year and we par-
ticularly thank Derek
and Barb Pursey for

The Ecumenical Roundtable met April 8-10

making the arrange-
ments for the event.
Seven members of
the PASTCF board
arrived on April 6 and
we had two days of
board meetings prior
to the Roundtable.

Approximately
50 people attended
the plenary sessions,
including Episco-
palians, Methodists,
Lutherans, Presby-
terians, one Roman
Catholic, and one
Greek Orthodox. This was a very stimulating
group. We shared with each other our accom-
plishments of the past year and our plans for the
future activities and initiatives. We discussed
common concerns and enjoyed much discussion
over meals and in meetings as well as on strolls
to the plaza in downtown Santa Fe.

The Santa Fe Theologians Institute was
in session and the Roundtable participants
attended their seminar “Faith and Science,

Derek Pursey welcomes Roundtable participants to Ghost Ranch

Science and Faith — Together at Last?” Jim
Miller of PASTCF composed one presentation
(delivered by Derek Pursey since Jim was unable
to attend at the last minute) titled “Mislabeling,
Miscalculating, and Misunderstanding: The
Scientific Community and the Challenge of

Intelligent Design.”

Antje Jackelen, Director of Zygon Center for
Religion and Science in Chicago, gave the other
lecture, “Cognitive Sciences Considered, Or: Is
There Life Beyond the Evolution-Creationism-
Intelligent Design Debate?”

There was discussion after each of these
presentations.

The Roundtable makes more tangible
the many other religious groupings who
are involved in vari-
ous ways of relating
faith and science. We
hope to soon provide
links from the our
own website to our
Roundtable partners
so Association mem-
bers can better learn
from what others are
doing.

As always this
ecumenical expe-
rience was most
edifying, enjoy-
able, inclusive and
delightful and we
look forward to our
meeting in 2006.

Two Prayers

By the Reverend James B. Miller, Ph.D.

PASTCF Development Officer

or his workshop at the 2005 Association of
F Presbyterian Church Educators meeting, Jim

Miller wrote the following prayers, trying to
keep in mind what he is calling “Five 21st Cen-
tury Principles.” [1] Everything is in motion. [2]
Everything is connected to everything else. [3]
Every “thing” is its relations. [4] Every “thing”
is its history. [5] Everything could have been
(and will be) different.

An Invocation
As we gather before you this day, may we hear
your Word to us as it speaks through the
scriptures, neighbors, strangers and enemies.
As the heavens declare your glory and the Earth
shows forth your handiwork, may we hear your
creative Word as it is bringing forth our fellow
creatures: deer and dandelions, atoms and ant-
eaters, begonias and baboons; quarks and quail;
e. coli and Ebola. Even as we seek to be more
fit bothers and sisters to your Word made flesh,
may we remember that that same Word is the
Word without which nothing is made that is
being made. In the great company of all your
creatures — big and small, ancient and fleeting
— we come to attend to your Word that it may
be more fully enfleshed in our living. We offer
this prayer in the name of the one who saw your
love in a fallen sparrow and your kingdom in a
wild lily, even Jesus, the Christ. Amen

A Grace

e come together to break bread and in so

doing to sharein fellowship with one another
and with you, our God. May we remember that
it was in the breaking of bread in the midst of
table fellowship that you expressed the depth of
your love for us and the lengths that you would
go that we might live freely toward the openness
of your gracious future, forgiven of past wrongs
and freed to embody an abundant life in com-
munion with you. As we are nourished by these
goods of your creation spread before us, may we
remember that want is not a consequence of an
insufficiency of your giving but an expression of
our failure to share the goods of life that you so
freely give. Aswe thank you for our meal and time
together, may we be committed to realize that
day when none of your children will be hungry
or lonely or destitute or despairing. We ask our
prayer in the name of the one who invited sin-
ners to dinner, Jesus, the Christ. Amen

www.pastcf.org
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GENESIS ONE p

BY WARREN W. ANEY

In the beginning there was only God
Just God
Nothing else
No time no space no energy no matter
But it did matter
To God

So God created
Something out of nothing
God created
Time and space and energy and particles
And God created
The laws for this universe
And there was neither night nor day
Then energy became light
And God saw that the light was good
This was the first day

Three minutes long

Then the matter came together
And became nebulae and stars and exploding novae
And this was the second day
Two billion years long
And God saw that it was good

Then came bodies of liquid and gas
And bodies of solid rock with water and air
And these bodies rotated from dark into light
Another day
Six billion years long

Then in a special place
The waters became rich
And out of this richness came life
And this life divided and multiplied and transformed
And God saw that it was good
And this was one more day

Three billion years long

Then the waters brought forth swarms of living creatures
Tiny floaters became small swimmers, and seaweeds, and fish

And Earth rotated from dark into light

A fifth day
One hundred seventy five million years long

Then life crept unto the land
And grew out of the ground
And sprang into the air
There became earthworms and ants and snails and birds
And there became ferns and flowers and grasses
And snakes and lions and apes and antelope
And God saw that it was good

Then this universe became aware of itself
An ape looked up and saw the stars
And thought
And wondered
And
It is said
God told this human
Take care of things
And God saw everything that had happened
And behold
It was very good
And the earth rotated from dark into light
The sixth day

Four hundred million years long

Now God rests and enjoys
This
The seventh day
Five million years long

So far

educational background includes a BS in Wildlife Mé;mlgement and a MA

in Ecological Statistics, both from Oregon State University.
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OWEN GINGERICH

>>> Gingerich continued from page 1

fact that among many of the conservative
churches, higher education was looked upon
with a certain element of suspicion early in the
20th century. But by the time of World War II
many leaders in these churches realized they
could not make their way in an intellectual
world by turning their back on the information
that could come from higher education and, in
fact, they felt that it was appropriate for people
who felt a sense of calling to go into almost any
field. I guess it was within that framework that
one of my teachers, a physics teacher, said if 1
felt a calling to go into astronomy, I should go
for it because we shouldn’t let the atheists take
over any particular field. So with that kind of
encouragement I decided to give it a try.

I had a very unusual opportunity which
was to come here to Harvard Observatory as a
summer assistant for Harlow Shapley who was
probably the most famous astronomer in the
country at that time. And when it came time
to apply to graduate school I applied only to
Harvard, which by any contemporary standard
would be ill advised! But I figured that if T didn’t
get in here I would go on in chemistry at Ohio
State or something like that and think of it as a
door opening and a door closing. But the door
opened here and I came to Harvard Observatory
and Harvard graduate school. One thing led to

another and here I am.

ST+: Soyoufinishedyour Ph.D.hereand then
came to work here.

OG: That’s correct. But it was not the most
straightforward and linear trail because I got
drafted out of graduate school at a time when
most of my contemporaries had no trouble
getting student deferments. Because I was a
conscientious objector, my draft board sort of
rubbed their hands with glee at the thought and
I ended up being sent to the American Univer-
sity of Beirut as a teacher to do my obligation
to selective service.

ST+: When was that?
OG: That was in the “old” days when Lebanon
was considered the Switzerland of the Middle
East. I was not very happy about being drafted
out of graduate school. But it turned out to
work in my favor in an unexpected way because
I was very much interested in spectroscopy and
Harvard was one of the worst places to go for
that. For the kind of spectra I was interested
in, you needed the big telescopes and the clear,
western skies. Getting hand-me-down spectral
plates was not the most exciting way to go about
1t.

Butwhen I gotback here, Sputnik had gone

up, the Smithsonian Astrophysical Observatory
had moved to this site from Washington, and
the fastestand largest computerin New England
was here, busy doing satellite tracking work.
Yet there was a lot of extra machine time and
I was able to exploit that to do the theoretical
computations of spectra in a way that no other
place in the country at that moment had that
kind of access and opportunity. So I used the
crumbs of time from those machines — literally
huge in terms of the space they took up. But the
fact that they had 8,000 words of storage seemed
gigantic in those days!

ST+: Soyouwere doing thatand then at some
pointyou wentinto historical studies, the his-
tory of science.

OG: T often say I was the victim of anniversa-
ries because the 400th anniversary of Johannes
Kepler was in 1971 and of Nicolaus Copernicus,
the 500th anniversary in 1973, followed by a
series of other anniversaries. I got increasingly
involved with those. But at the same time that’s
onlyapartial answer because basicallyI wasinter-
ested in what science is all about and what its
claims to truth are. How do those stack up vis a
vis claims for religious truth? I was increasingly
interested in those issues and it seemed to me
that while you learn a great deal about science
by doing science, in some ways you also can get
greater perspective by looking at it historically,
back at a previous time where with the clarity
of hindsight you can sort out the issues a little
bit better.

So basically that’s what I've been doing. I've
been trying to keep up with certain scientific
developments, particularly in cosmology. But at
the same time in my historical work I'm doing a

director said he didn’t mind if I wanted to do
the historical work. He saw this relating to the
general goals of the Smithsonian, more so the
institution in Washington than the Observatory.
So I took him at his word and I've worked on
the history of astronomy ever since.

ST+: When you started off with the anniver-
saries and started to do the census of copies
of Copernicus’ book, did you have an idea of
where it would end up or how much work it
was going to require?

OG: T suspect I would have thought twice if I
had been able to guess that making the census
of copies of Copernicus’ book would take thirty
years. No, I didn’t have a full sense of where that
was going to go.

ST+: And it began at Edinburgh?

OG: It began with a copy that was magnifi-
cently annotated in the 16th century by the
leading astronomical teacher in the generation
following Copernicus. So it turned out that the
first book I saw, and the one that got me started
looking at copies of Copernicus’ book and their
annotations, in the end turned out to be the most
important copy.

ST+: What about Copernicus’ own sense of
vocation? Your book mentions that he trained
to be an administrator of a cathedral.

OG: He studied at Bologna and received an
advanced degree in both canon and civil law. So
he was trained in the first instance as a lawyer.
This was a very useful thing for the cathedral
administration when you consider that the bishop
of the cathedral was essentially tantamount to
being governor of a region. The cathedral owned

A physics teacher said if | felt a calling to go into astronomy, | should go for it

because we shouldn't let the atheists take over any particular field.

lot of computations still, looking at the accuracy
of astronomical tables in the 17th century, for
example. So it has this mixture of a lot of dif-
ferent kinds of things.

At one point we had a new director at the
observatory and I was rather keen that he should
bring back one of the graduate students who had
worked with me writing his thesis, to continue
working on the question of stellar atmospheres.
But the new director was very keen to use all his
appointment slots to expand in the direction of
what is called high energy or x-ray astronomy.
Hewasn’tkeen to hire another stellar atmosphere
person. I said that if he didn’t come, maybe I
would just turn to the historical work and the

huge numbers of properties in which Copernicus
was often in the position of riding out to collect
the rents and settling problems of people who
either were wanting to abandon the land or were
in fights with their neighbors or whatever. But
Copernicus went back a second time to Italy
and studied medicine. So he was well equipped
for some of these ancillary duties and he was for
the most part being very busily employed with
administrative work in the cathedral chapter
including helping work up the defenses when
the Teutonic knights came raiding and so on. So
ina certain ironical sense the astronomy was just
a hobby and an ancillary pursuit.

Gingerich continues on page 8 >>>
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>>> Gingerich continued from page 7

ST+: For a time he lived with an astronomer,
is that correct?

OG: Yes. When he went down to Bologna he
boarded with an astronomer, which was a fairly
frequent situation. Kepler’s teacher, Michael
Maestlin, had a huge house and I don’t know
how many students he boarded, and Galileo also
had a lot of students under foot. I'm not sure if
he was boarding them or just tutoring them. But
I think this was part of the deal for academics
in that period.

ST+: Was that boarding arrangement what
sparked Copernicus’ interest in astronomy?
OG: He was already interested in astronomy
when he was a student at Krakow before he went
to Italy. We know this because some of the books
from his library are in Krakow bindings which
suggests that he had got them already while he
was studying at the Jagiellonian University.

ST+: But then that interest obviously blos-
somed.

OG: Yes, that’s right. Unfortunately we don't
have a great manuscript legacy coming from
Copernicus so we can't trace for sure how early
this astronomical interest developed. But we
know that he did make certain observations
and write them down while he was in Italy. So
he was interested in conjunctions of planets and
so on. There is this very cryptic note that says
something to the effect that Mars is behind the
tables and Saturn ahead of the tables which
indicates he was actually observing rather closely
what was going on and he had the ability to use
the astronomical tables to figure out where the
planets should have been.

ST+: Iwasespecially curious aboutyour com-
mentthat Copernicuswas deeplyreligiousand
yet didn’t seem to deal much with astrology, a
major part of the culture back then, even the
culture within the church.

OG: Itwas part of the culture and he certainly
would have studied itas part of the medical school
tradition, yet there is no indication at all that he
cast any horoscopes, that is, they are not extant.
But we do know that the young man who came
to Poland to persuade him to publish his book
was rather heavilyinto astrology. Thatwas Georg
Joachim Rheticus. So undoubtedly they would
have discussed some astrology and Copernicus
would have been familiar with it, both presum-
ably from what astronomy he would have stud-
ied in the Jagiellonian and then what he might
have picked up in medical school. Itisinteresting
because one definitely sees evidence of astrology
in the other major figures — Galileo, Kepler,

Tycho Brahe, and Newton all got involved in it
in one way or another. And it’s just completely
missing from what we know about Copernicus.
But it’s also the case that we're rather devoid
of personal facts or material of that sort about
Copernicus.

ST+: Did he ever marry?

OG: No,Ithinkcelibacywas one of the require-
ments for his position. He must have taken some
sort of minor orders even though he wasn't
ordained.

ST%: And he died within months of his work
being published in 1543?

OG: As I believe happened, he was receiving
the printed pages for proofreading as they were
coming off the press. It would have taken some
time to get them transported from Niirnberg
where the book was being printed up to the
northernmost diocese in Poland where he was
working. What finally reached him on the day
he died was apparently the final sheets and the
final sheets would have been, not the end of
the book, but the title page, the preface, and all
those things that go before the main body of the
text. But [at this point] he was already partly
paralyzed and probably a bit out of it. So how
much he understood of what he was shown at
the point, we have no way to know.

ST+: In the early years of the census, things
like photography, copying, even travel were
by today’s standards quite primitive. You must

have had a big suitcase!

OG: Itwasaspeciallymade,black suitcase filled
mostly with foam to pad the lamps. The lamps I
boughtin Sweden and promptly rewired them to
put in asbestos wiring because of the heat of the
photo floods. I was always using tungsten film
and that way I was not at the mercy of clouds
or anything like that.

ST+: Did librarians, archivists, or officials
express concerns that such light would harm
the paper of those old books?

OG: Basically no. I installed a foot switch so
that I could get my camera all ready, turn on the
lights only for a matter of some seconds because
they were fairly hot, and snap the picture. I was
quite careful with the material. [But] I had a lot
of photo opportunities of a sort that wouldn’t be
possible today because libraries are now much
more security and conservation conscious than
they were in those days.

ST+: Sothecensuswas puttogetheratapropi-
tious time.

OG: You couldn’t have done it that way fifty
years earlier because not only did airplane travel
make it easier, but also crossing the boundaries,
apart from going behind the Iron Curtain, was
relatively simple.

ST+: Let me go back to your own work as a
scientist and a historian of science. How has
yourscientificvocationaffectedyour Christian
faith?
OG: Well, in many ways my familiarity with
historical materials and the use of them, makes
me particularly curious about some of the alter-
native texts that are coming up from the Dead
Sea Scrolls and some of the other findings in
Egypt. It’s important to try to figure out what
that is telling us, and at the same time, to begin
to get a sense of how the canon of the Bible
was established. Just the other day I got a copy
of Michael Maestlin’s Epitome of Astronomy —
Maestlin was Kepler’s teacher — and right away
in the preface I noticed Maestlin was doing a
lot of scripture quoting. I saw not only familiar
texts like the Psalms and Isaiah and Jeremiah
but S-Y-R, which set me back on my heels. I
realized that there were apocryphal books. So
I looked here in a Bible that I have from 1527
and realized that in fact it had a whole series of
apocryphal books thatwere interspersed with the
canon that we’re familiar with. But no SYR.
So how do you handle something like that?
Well, of course, you go to Google! And right
away I found that this was an alternative name
for Ecclesiasticus, not Ecclesiastes. It’s the

Gingerich continues on page 9 >>>
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>>> Gingerich continued from page 8
apocryphal book that Maestlin was quoting. So
questions of canon are part of it.

Then, of course, whether you’re doing history
or doing science, one is all the time looking for
data — for evidence that substantiates things.
So you ask yourself: how do you provide compa-
rable kinds of evidence for Christian faith? And
this is a longstanding problem because Kepler
wrote to some unknown correspondent saying,
“There is nothing I want to know more than
can I find God, who in looking at the heavens
I can almost touch with my hands, and also in
myself.” It’s a very poignant quotation and it
is one I think that most thoughtful Christians
come to sooner or later.

So one has to come to terms with a frame-
work that is essentially very different from the
medieval framework that I learned in Sunday
school class. That is to say, there is a kind of
a biblical, sacred geography that calls for a
much more closed universe than what modern
astronomy shows.

ST+: A much smaller universe too.

OG: Very much smaller both in space and in
time. So when you suddenly have a cosmos in
which you can not onlylook back at a time when
there were no humans but also look forward in
time to a time when there will be no humans,
and yet the universe will presumably still exist,
well, these are interesting eschatological ques-
tions that I think theologians don’t necessarily
cope with very much.

ST+4: No, we don’t. The tradition I was raised
in, albeit Presbyterian, was very conservative
and I was taught that the future wasn’t going
to last very long because Jesus would soon
return. Thoughts of the universe continuing
several billion more years before it expands
indefinitely or collapses uponitself,depending
on circumstances, well, those issues were not
even entertained.

OG: Inlookingatthescientificissues youbegin
to see quite wonderful things, namely, that if
the universe were not so huge it would also not
have had the time and it would have collapsed
on itself long, long ago. To achieve the world as
we know it, the world in which we live, clearly
has taken a long time. Here you and I are, made
up of a large fraction of water and carbon. That
oxygen and that carbon did not come out of
the Big Bang. They came out only billions of
years later because it’s a slow, slow process that
enriches the cosmos with the elements needed
for life. So in our present scientific understand-
ing we simply would not be here if the universe
were not old.

Presumably by some miracle God could have
created in some totally other way but as far as
we can see, that is not how God did it. As we
start to look at the physical circumstances it’s
very awesome and awe-inspiring.

ST+: There are various polls that suggest a
good portion of Americans essentially believe
in a young-earth creation. Perhaps half of the
population tends to have a view that God just
made things the way they are and it happened
relatively instantaneously or in a rather small
amount of time. A lot of Christians seem to
easily adopt this viewpoint. It doesn’t accord
with the facts that we know from science but
many people seem able to live with it.

OG: One of the real differences between the
Bible and the biblical picture versus, let us say,
Aristotelian cosmology or much of the thinking
of the ancient world, is that the Bible teaches
that the world has a history. With Aristotle, of
course, it simply was and it lasted forever. So
maybe the history [in the Bible] was given in
the wrong terms of scale but at least as far as
we can see, the universe is a far different place
now than it was in times past, that it has been
changing, and those changes are what has made
it possible for us to enjoy a very special kind
of congeniality of physical circumstances for a
reflective, contemplative life.

ST+: Soyouwould take the Hebrew texts of the
creator, a beginning, and a history as instruc-
tive, not in a scientific way, but nonetheless in
a truthful way?

OG: That’s how I see it. As a historian as well
as a scientist one must look at how things are put
together historically including the construction
of the Bible itself. So if you look at Genesis 1,
for example, you find something rather curious.
It says God created, not the sun and the moon,
but a greater light and a lesser light. This was
specifically to avoid using the Babylonian names
of Babylonian deities and their pantheon. Genesis
1 came out of the Babylonian captivity. It was a
political statement saying, “Hey guys, our God is
not like your setup. Our God actually made the
whole Earth. It wasn’t a battle of darkness and
light in which the world accidentally happened.
It was made with a great creative purpose and
one of the most important parts of that purpose
was the creation of human life in the image of
God.”

You ask what that is and as you began to
define it, it must have elements of creativity, of
conscience, and of consciousness. So what is the
whole story of Adam and Eve about? Particularly
crucial is that tree of the recognition of good and
evil. It’sessentially the coming of age of hominids,

of being able slowly to develop a conscience and
a sense of what is right and wrong, which is the
most important quality that distinguishes us
from the animals.

I will not say that this was something that
happened in one instance. For a long time I just
assumed that that was probably the case, that the
story of Adam and Eve was the story of the first
people who came on board with conscience. But
if you look at the stories in the Old Testament,
many are so bloodthirsty and filled with what
you could call “ethnic cleansing,” you just have
to think that there is a continual growth of what
conscience means, with just an incredible leap
forward in the life of Jesus Christ. Here you see
Jesus talking about salvation and the way to salva-
tion and we’re not always sure exactly what that
means. But one sense of it could be the survival
of the human race. If we cannot learn to be less
selfish, we're doomed.

ST+: Contrary to my upbringing, I no longer
think of a specific group of people much less
particular individuals as my original human
ancestors.

OG: 1 was fascinated when about 20 years
ago I first heard the rumors of what was called
the “mitochondrial Eve.” The genetic evidence
suggests that all of us have stemmed from a
common ancestor because of the singularity of
this genetic information. From the number of
mutations that have taken place and the varia-
tions being so small you can almost say that this
was an event that took place roughly 200,000
years ago. Which is the same time that linguists
say is roughly when language developed. It has
been argued by Francisco Ayala, who is a very
religious person, that it could not have possibly
been a single person; there had to be a breed-
ing community. But somehow out of it there is
a critical kind of moment. How sharply defined
it is, we have no way of really knowing. But the
biological evidence does point to some sort of
creative cluster out of which Homo sapiens has
arisen.

But it really bugs me to see a headline
like that of the Harvard Gazette not long ago
asking, “Is This Skull Human?” They are talking
about something six or seven million years old.
There is no way you can tell looking at bones
whether those bones have these properties of
conscience and consciousness. That’s something
that comes along but it’s not in a seven million
year-old bone.

These are questions that are still nebulous
with me but which I am trying to formulate
more and more clearly. If you ask how my science
influences my faith, it is obviously a hinge point

Gingerich continues on page 10 >>>
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>>> Gingerich continued from page 9
for some of these kinds of questions and at the
same time deeply defines what I believe.

ST+: You quote Jofrancus Offusius to say
that “when the arguments from geometry and
physics are inadequate” issues must finally be
settled by the Bible.

OG: This was a standard view back in those
days and I don’t suppose so many people would
buy into that now.

ST+: Well, they may not put it quite that way
but many of the so-called religious right want
to settle claims by citing the Bible, including
scientific claims.

OG: Tappreciate that. Similarly the peoplein the
16th century were determined that Copernicus
had to be wrong or at least not describing the
physical world because of Psalm 104 which said
that the Lord God “laid the foundations of the
earth, that it should not be moved for ever.”

ST+: Atmyprevious church Iwas teachingan
adult education class, trying to give a sense of
theimportance of scienceandhowthescientific
method makes science somewhat seamless,
of how science works with hypotheses and
peer review, and that there is an interaction
between scientists even in different fields.
One old guy commented that he didn’t know
about my ancestors but certainly his did not
come from monkeys. That got a big laugh in
the classbutIfound itfrustratingbecause that
mentality closes conversation.“The Bible said
it, I believe it, that settles it.”

OG: It’s amazing how much people are pre-
pared to believe in modern medicine — all the
pills they are willing to subscribe to and so on
— yet they back right off when it comes to some
of these more cosmological issues.

ST+: When you think back over your career,
what are some of the things that have been
most satisfying for you?

OG: That is a very idiosyncratic. I remember
vividly the day when I persuaded the chairman
of the astronomy department that he was wrong
about his interpretation about all the carbon
monoxide lines in the solar ultraviolet spectrum.
I'said he was just putting these lines in on top of
noise on the one side of a certain critical dividing
point. They were all legitimate on the other side
but it was all imagination for the wave length in
the other direction. By the end of the conversa-
tion I had convinced him and you feel a peculiar
satisfaction in such things because he was very
senior to me at the time. So that was kind of

fun.

Orobserving the black, black spots on Jupiter
when the comet smashed into it was very awe-
some. It wasn't anything that I could claim any
credit for; I was just looking through the tele-
scope and seeing how dark those splashes were
and realizing they would be fading in a matter
of weeks. It was an event one could see but it
was going to be soon gone. I've seen a number
of eclipses and as phenomena they have been
very moving and wonderful.

But in terms of science, the satisfaction
comes when you find something and you've got
aninsight that nobody else has. For example, the
observations of Tycho Brahe have been published
for many decades. ButI came to realize they con-
tain fascinating information aboutan important
motivating project for him that failed. In the end
Tycho just didn’t talk about it and it didn’t enter
into his standard list of accomplishments.

By analyzing the data very carefully, we dis-
covered that in one of Tycho’s tables, the curve
had deviated in justsuch a way as to have an error
of the size of an effect he was looking for in the
position of Mars. We could see exactly where that
error had come in and so we could see why he
thought he had measured the distance to Mars.
But today we know that Mars is too far away
and there is no way he could have determined
that with naked-eye observation. He must have
sensed there was some problem and he just gave
itthesilenttreatment. Even hisapprentice Kepler
had no clue where it had gone wrong. Gaining
that kind of insight which you realize has been
sitting there all this time is lots of fun.

ST+: And the census?

OG: Many of the conclusions of the census
were “aha”kinds of experiences [but] the conclu-
sions emerged not in the library when looking
at the annotations but only in retrospect when
comparing the annotations with other informa-
tion. Then you could start putting it together.
Sometimes we reached wrong conclusions that
later had to be revised. Sometimes we reached
the right conclusions the first time.

If T had had more “aha” moments when
crunching numbers I might have stuck with that
longer. But it was sort of inching things out of
the data. You know you're getting something
more and more correct. In 1970 I was lead author
in the Harvard-Smithsonian Reféerence Model
for the Sun. That paper has over 600 literature
citations. The most cited paper in astronomy
has only about 1,200 citations. So our paper
is referenced frequently. Yet I don’t have that
sense of excitement about doing it because it
was just the result of having access to this won-
derful computing machinery and lots and lots
of hours put into making things work. So you

have different kinds of satisfaction. Sometimes

insights come as a eureka experience. Sometimes

they only dawn on you gradually and you think,

This is pretty obvious and I should have thought of
it a long time ago!

ST+: A final question would be that as you
look at the world today, what are some of the
cutting edge issues that face people of faith as
they reflect about science and technology?
OG: There are crucial issues in a whole array
of biological questions. Since that’s not my field
of expertise, I'll not comment about them. Let
me say that the sticking point in astronomy
right now is that we've got here a world that is
tremendously congenial to the formation of life,
the whole structure of atoms, the length of the
history of the cosmos, and so on. There is Martin
Rees’ book entitled Just Six Numbers: The Deep
Forces That Shape the Universe in which he says
there are these six numbers in physics which as
far as we can tell are independent of each other.
If you change any one of them by just a small
amount, we would not have a world that would
sustains life. This is called fine-tuning, that
somehow the universe is set up just this way.

Obviously if you want to believe that the
world is totally chance and it is just a fluke
that we are here, it’s a mighty big fluke that all
those things came out just right. Now people
can respond that the mere fact that we are here
means that they did come out “right.” But that
doesn’t get around the question of whether there
is purpose or intention in creation that made it
possible for us to be here.

One response is the so-called multiverse,
the view that there could be myriad universes.
The constants are roulette and they are different
in each one. If you have one universe that has
this particular configuration, it is going to be
the one that has life. So in a funny kind of way
the multiverse issue could be an answer of sorts.
I think it’s a fraudulent or pseudo answer. We
might have a multiverse but as an explanation it
sort of begs the question, it seems to me.

ST+: You don’t see data supporting that?

OG: The irony of it is that all these universes
would be forever unobservable. So we would
never have direct evidence of their existence.
The only evidence for their existence would be
aphilosophical acceptance that the mathematics
and the circumstances were that these other uni-
verses would be allowed. And if they’re allowed
thereis noreason why they might notbe realized.
So it’s a philosophical approach. Martin Rees,
who is the Astronomer Royal and has argued
the multiverse picture, gave an invited lecture
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>>> “Limitations” continued from page 2
limits imposed by statistical predictions of the
theory, not just because of ignorance.

The other development is chaos theory.
This should really be called deterministic
chaos, because in principle the theory can make
predictions with precision limited only by the
available computing power. However, the way
that a chaotic dynamical system develops over
time is extremely sensitive to how it started
out. Since no measurement can determine the
starting conditions with absolute precision,
long-term behavior of any real chaotic system
is beyond the reach of science, and is, therefore,
necessarily contingent.

Thereis no pattern withoutrepetition. How-
ever,can everything thathappensbe incorporated
into a pattern? Every event, object, or person,
has unique qualities as well as aspects that fit
general patterns describable by science. Science
can either deal statistically with unique aspects
of reality or dismiss them as irrelevant random
events—whata communications engineerwould
call noise. I claim that pattern and uniqueness
are inextricably intermixed in all phenomena,
but science deals only with the pattern.

Lastly,one cannotdo science without believ-
ing that all of nature is governed by regular laws
thathold throughout the whole universe,and that
we are capable of discovering and understand-
ing these laws by systematic experiment and
exploration. These assumptions act as a filter
— only those things that get caught by the filter

are acceptable as science. But can nothing pass
through undetected? In 7'e Philosophy of Physical
Science (Cambridge University Press, 1939), Sir
Arthur Eddington wrote:

“Let us suppose that an ichthyologist is
exploring the life of the ocean. He casts a net
into the water and brings up a fishy assort-
ment. Surveying his catch, he ... arrives at two
generalisations: (1) No sea-creature is less than
two inches long. (2) All sea-creatures have gills.
These are both true of his catch, and he assumes
tentatively that they will remain true however
often he repeats it....

“An onlooker may object that the first
generalisation is wrong. ‘There are plenty of
sea-creatures under two inches long, only your
net is not adapted to catch them.” The icthyolo-
gist dismisses this objection contemptuously.
‘Anything uncatchable by my net is ipso facto
outside the scope of icthyological knowledge. In
short, what my net can’t catch isn’t fish.’ Or—to
translate the analogy — ‘If you are not simply
guessing, you are claiming a knowledge of the
physical universe discovered in some other way
than by the methods of physical science, and
admittedly unverifiable by such methods. You
are a metaphysician. Bah!”

Science is so successful at understanding
what is caught in the net that it can be hard to
believe that anything else exists. But my argu-
ments above suggest that there may be genuinely
contingent and unique aspects of reality that
cannot be caught in the scientific net.t

Moving?
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to the American Astronomical Society’s winter
meeting in San Diego. He said explicitly at the
end that this is not just metaphysics, this is how
science works. I'm not sure if he was putting
that in for my benefit because we have discussed
this. But it was not just debating in a corner; it
was a public statement! I'm very flattered to be
considered a friend of the Astronomer Royal and
I just received an email from him this afternoon
asking if T will see him in Philadelphia at the end
of the week. The answer is, I hope so!

That is one issue. Now, of course, there is
the big issue of so-called intelligent design. We
just had the undersecretary for science from the
Smithsonian here and he said this is going to be
the big issue, even bigger than whether we get
our budget for the next two years. One of the
scientists at the National Museum of Natural
History is working on an exhibition of not just
evolution but Auman evolution. When that exhi-
bition opens the undersecretary is more or less
prepared to have all the fire extinguishers ready.
And the scientist, Richard Potts, is a very good,
charismatic anthropologist whom I got to know

slightly because we both served on the advisory
board of the Dialogue on Science, Ethics and
Religion (DoSER) of the AAAS.

At any rate, | have gone on NPR to say that
like most Christians I believe inintelligent design
— lowercase “i” and lowercase “d.” But I have
great trouble with Intelligent Design, uppercase
“I” and uppercase “D” which I consider to be a
political movement, an antievolution movement,
and not a scientific movement.

There’s a wonderful example given by
John Polkinghorne who asks, why is the water
boiling in the teapot? You can say, it’s because
heat is coming in the bottom, it is making the
molecules move faster and faster, some of them
fly off the top, and the water is boiling. But you
could also answer by saying, the water is boiling
because I wantsome tea. One answer is what you
would call, in Aristotelian terms, a final cause
and the other is an efficient cause. And science,
from the time of the scientific revolution, has
basically moved away from asking final-cause
questions into efficient-cause questions. Science
gets most of its efficacy by asking those kinds
of questions.

Ifyou ask how did life begin and answer that
God created it, that’s a final cause. But trying
to give some of the genetic mechanisms that go
along with evolution, that is an efficient cause
— which science deals with. And I don’t think
that intelligent design is an alternative to evo-
lution because they are on two totally different
levels of what they are talking about. So I don’t
see thatintelligent design can work in the school
situation in a science class because it’s not giving
that kind of an answer. It seems very unlikely
that it will ever give answers that will solve the
efficient-cause type of questions.

I sometimes take an apple into a lecture and
ask, if T let go of this apple, why does it fall? You
can answer that God is recreating the universe
over and over again, millions of times every
second, and each time the apple is recreated a
little lower to the ground so that eventually, after
a few seconds, the apple will make it all the way
down and smash into the floor.

But this kind of answer does not really help
you send a rocket ship to Jupiter. You need to
have answers on another level and that is what
true science is about.t
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