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|. THE
SENTIMENTAL
FRUITS OF
SCIENCE
Popular science writers are forever proclaiming the

. profound importance of such matters as the ultimate fate of the
| universe, or the events that took place during the first billionth of a
¢ second of time. We often write as if people were poised on the
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edges of their proverbial seats, anxiously waiting to learn whether

or not the proton will decay (in 1032 years‘.)* or whether there is thing from im

mass tucked away mysteriously inside neutrinos. Breathlessly, We knowledge of pr}(l).ved_ mapping of the earth’s surfac

keep them up to date on such esoterica as the sear(.:h for “bottom & processors to \Z at lies beneath its crust; from a?ité to & decper

quarks” and “intermediate vector posons.” T Sometimes 1 wonder ¢ ero-gravity production lin’es for Vl::nced Tero-
‘ making flawless

| ‘ i . crystals and pure drugs; fro - 0

y | ﬁ : = ; ' : e ‘pﬂ g ;lfr m space-age medical technology t
e morning steamlined sailboats and lighter, more durabl w "
ks on in th , e sportswear. But

doubt whether exploring these far-out corners of the universe 18 any spin-off is, b d

necesjsarily so important. It is surely not obviously useful. ' i not the Sar,n y ‘deﬁnltlon, a somewhat peripheral poi :

Sixteen years ago, I sat in the musty lobby of a small hotel In & e as technology. There’s nothinga point. Science
practical to be

o 5™ 0 gained (f .
the Soviet industrial ety of Kharkov, having just returned from a £ ingfor éi(;]s ;?Zit\:;ilelj anirway) from probing protons or >
‘ restrial life. search-

The spin-offs f
rom the space program alone have brought us
every-

visit to a collective farm. Thirty or SO Americans and Russians There is. h

squirmed together in the tiny uncomfortable roorm to watch ona ¢ point is What mOVﬂfle'Ver’ a far more central point to sci

scratchy plack-and-white TV as two American astronauts walked | science.” “Sci y friend the physicist calls “the s o science. The

on the moon. The image 0N the screen was @ barely discernible ——— ience is useful not only in a prabtiéerll—lfiﬁ%_mmts of
: : al'way,” hie says,

blur; yet it was quite clear that both Russians and Americans were
deeply impressed by these first tentative extraterrestrial steps.
We agreed completely when Neil Armstrong described 1t as @
giant leap for humankind.
[t was many years Jater before 1 Jearned that some of my best © are as imaginati
friends back home had considered the whole venture 2 waste of | aginative and as fantastic as ever. But tod
: oday peo-

. : ple ascri .

time, a squandering of scarce resources. Worse, even supporters & talk oflz}kzs zr‘t]ery limited role to science. The i

with all the wrong . s and music as culture bl.lt ne yl C(lnt;lnue N
’ glect the fact

gions have alwa i
gons hav ays embodied a view of E
thoughtsg;rtlj) u\:lt}‘l an account of cosmolf)lgfur%od o sich
nature come primarily from 'sciensg , 'IS‘}liCh
. They

of the space program seemed to t?e counterin.g that our view of oursel

arguments. Recently 1 was reminded of this when a man from ¢ world is like : rselves and our perception of

Grumman started drumming up support for the shuttle by passing | are equally and vitally a part of cul(z Wateel
i ; ure.

around samples of Mylar jogging suits and talking—agamn—>~°

Tang. Then the editor of a major woman’s magazine told me that 1} achievement of our time.”

§h;)u1d write (})\nly of the practical aspects of sc1ence: «people want|  an instrument tha: (tl;r:; Jsaﬁc Asimov describes the tele

information they can use.” .~ phasis his): matically changed ou elescope as

[ts true, of course, that .sc,i_eg_c_e_bﬁﬂfl‘luced a prodigious arf ): “When Galileo looked at the moinci‘vﬁiﬁmi hllStory (em-
s ut.h a telescope and

K . : e - saw mountai aters
ray of pract;pal fruits—and those are the fruits that we hear about.t dence in fa‘:gls"oi'rzt;rib ari-d ‘seas,” that was the final pi ¢
- s urality of worlds. E ece of evi-
. Earth was not th
e only

/”" b.
object on which li
: ife co ;
s #1032 is the number 1 followed by thirty-two zeros. To give you an idea of hov} uld conceivably exist.” The telescop
: e SO ex-

panded our vi
ew :
large that is, consider that a pillion is the number 1 followed by only nine zeros:. drama of sin-and of the {leerse that “the great
Physicists think the entire universe is only between fifteen and twenty billid}  puny ag: ainst th -redemption, constructed in earli rtr}an-centered
; e new universe.” ier times, looked

years old. Waiting for a proton to decay is like waiting for Godot. 0
+ As far as physicists know, the quark is the most elementary constituent of mat! r as Stephen Jay Gould has noted—in th
—in this case in
reference to

ter. Quarks make up protons and neutrons, which make up the atomic nucleus, Darwin; “Major ideas have r
The five known quarks are called up, down, strange, charmed, and top (also callel tensions. The inhabitants of emarr ably subtle and far-ranging
a nuclear world ex-
should know thi
18 per-

) [he (he()] y l‘eq\llle% a s])ﬂh quark (b()tt()l“ or b(%dllt:y) W no ye“ ll’ u an S t
h]ch hah g

e

Lnan found. For a description of bosons, see “Forces, Motives, and Inertia.”
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Planetarium at the Museum of Natural History in New York. It
was an excellent opportunity to enjoy some gsentimental fruits of
science. As the show d. we looked up at the spotty cover of

opened,
stars we see every night, surrounded by the bright lights and tall
puildings of the city on the horizon.

Suddenly the “city lights” went
out, and the starry skylights lit up with a splendor that made the
qudience gasp- [ was immediately overwhelmed with a senseé of
what it must have been like to live on a flat earth under such a
lively canopy of stars, where the constellations were as real and as
close as mountains and meadows, rather than on a spinning ball
floating at the edge of an ordinary galaxy, one of several hundred
billion in the universe.

It also reminded me that seeing stars is all a matter of percep-
he stars spend their days, but turn-

tion. We rarely wonder where t
ing on the sun has the same effect as turning on the lights in the

city: the canopy is there all the time. But like anything else, we

can't see 1t when s0 much “extraneous information” gets In the

way.

The stars are an obvious
tal fruits.” After all, it was
planets and stars that first
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place to start searching for “sentimen- |
an understanding of the motions of the i’
plucked people from their center-stage |

spot in the golar system. Although some people had obviously fig-

ured out as far back as the third century B.C. that the earth or-

bited around the sun (and not vice versa), this wasn't incorporated
into the popular culture until well after Copernicus——in the six- &
teenth century. Conventional wisdom put the earth at the center |
of things; the universe was here for us. Imagine what that meant |
for people’s sense of destiny, personal responsibility, and awe.
In some ways, nhowever, the things we've learned through sci- |

.« more central than ever—-that%

ence have shown us
life is even more precious pecause of its improbability. Our planet |
light of a

is but a fragment of an exploding star, basking in the
second-generation sun; its composition a consequence of a slight
contamination py foreign clements in the original hydrogen gas%E
cloud that formed the solar system. In a very real sense, our rocky
home is the sediment that sank to the pottom (really the center,
but then “down” 18 always toward the center of the earth) when
the lighter elements were blown or boiled away. Animals arose on
land only after plants accidentally polluted their environment with

|

a “poison” (to them)
e alled o .
bdl'lly made us ca Xygen. This knowle ,
friend the physimc'oze or less humble, but it has gfri has not neces-
A closer look i t’h changed the nature of our hu nil_lllily ,”Sa)’s my
universe is dizzy wi tehcosmos also shows that the se ér;ty . .
sources, die, and are b change; even the stars use u;n%Ly static
and deaths of st orn again. But the someti : e res
ars, the continu : etimes violent birth
unknown onl ntinual evolut X 1 S
. y afew ¢ . ion of the
simply assumed th:t iizt:tr;? ago. Until the time Oflgl;ii(fgs(izc zas
existed at the beginni S we see today are the as
forever. The uni ginning of time, the same same stars that
At the Og;c?slivtgrse_hke ihe status of slavenee hat would exist
velopment of quanti];,(li :}f the size scale, the twentin?}f fixed.
have like billiard balls afi)iodrihShatter ed the notion tha-t(tie;ttoury ge-
we) do is predetermi ' at everything they (: el
heart of atom ermined. A great deal of y'(dnd therefore
s; the meani of uncertainty lies :
and effect turn lng of a Seemingly simple i . s at the
result is that tigl‘gstgozzlrr;minsely rich and cor‘:l;h‘ile; (lilkg Ctaltllsle
’ y look f: . . Bu
Ne\ét}on 1s cl(]))ckwork, preset unin:"sIenOre flexible than they did ii
ariles arw' ’ . .
den) fruit was th(:nkil fOfalmldable (and in some corners sti .
The forms of life that ?131 eg‘ge that species, like stars cStln florbld_
the universe abit the earth ar ’ . , can change.
: , evolve. Strict bibli e not immutable. We, li
ing such a stir about Darwi iblical creationists wouldn’t e, like
i A t be
and what our a arwin if the question of n creat-
. neestors look . X where we came fr
stlri'f(iv deeptly within our Soulsed like wasn’t an issue that its(erl?"
asn’t unti .
firmly establis}rilet:i] tt}?ee la.s t century that Darwin for the fi i
things—a vastly exte: ?iinl;lﬁc basis for a kinship amos I‘lbitl i
i ded famil : g all livin
remain unacceptabl ily tree. And if Darwin’s i g
e to certai O arwin’s ideas still
was wrong with his sci n people, it is not b st1
o 3 , science. It is re ecause somethi
radical philosophi is rather. savs G ing
.. phical content” e ys Gould, because of th
spirit might s of his theory: “T 1he
theme OfgiN esbtil:r?ii our depleted world )l,)y dzi;':e Dafl"Wlman
and dominion ov rogance—that we are me: g a favorite
er the earth and its li meant to have contr
product of a preordained proceSSIE,S life because we are the loftie;):

that peopl

) B ple are the top do

point was just t logs on the evolutionar i

, J he opposite—our intimate conngctirf: .wl'gtliit }iis ther
ith all other
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forms of life. Gould has devoted many an
Darwin in order to justify the
er women.

those who misuse
over blacks, rich over poor, men ov
that through evolution all forms of life
their particular environment. There Was
“lower’ species.
Naturalist Lore
We today know the result of Darwin’
ting together of
legendary tree of Igdrasil,
the dead geological strata w
still glowing in the
made to leap magically backw
in the lemur, lemur 1n
reptile is finally precipitate

reaching

Understanding evolution does not le

sion that people are but well-bred apes.
ciate the care that a million years of ada
fashioning every
woman, and child. E
intimate connections
Young, old, male,
all incredibly similar. Racism and reli
under the banner
insight of science,” my friend t
harder to believe that other people ar
ferent from ourselves.”

Even our view of strictly phys
have a profound effect on th
blew up a storm in the prevailing cul
century with his

ven more, it ma
between the me

“discovered” gravity (everyone knew t
discovered that gravity was universal.

aws of nature on
ens. Newton showed that the:

but because he
it was assumed that the |
tally different from those in the heav
fall of the apple and the orbit of the

same forces.

no mention of “higher” or

n Eisely puts this quite beautifully:

S endeavors——the knit-
the vast web of life until it 1s

ith living and related branches

sun. Bird is no longer
ard into reptile; man is hidden
the tree shrew, tree s
d into fish. F &

creature on this planet—inc
Kkes it impossible to deny the &

mbers of our human species. §

female, black, white, Israeli, or Syrian, we are

that “other” people are
he physicist says,
e really, fundamentally, dif-

ical forces such as gravity can%
w ourselves. Newtol .
tural winds of the eighteenth!
ot because hei
hings fell toward the earthl

e way we vie

Universal Theory of Gravitation n

essay to discrediting
dominion of whites
All Darwin said was
pecome well adapted to

seen like the

endlessly up through

bird but can be

hrew in reptile;

ad to the inevitable conclu- ¥
Rather, it makes us appre-
~ gethe i .
r by bits of electric charge; to know that the sky is onl
1S oniy as

pting to nature has put into §
luding every mal, ]

gious wars are poth waged

Before him,
earth were fundamen:

different. Yet “this new
“has made 1t much{
 dred billion stars.

moon were controlled by the:
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In this sense, the need to
gty , : go to the moon or smash 1 ¢
Pz it h;ﬁz}:e;(li vtvc;1 have natural history museums:a;c((:)i?rfcls oro.
W aterialst (l)l we are gnd how we fit into the schempro%
Jafigs. Y atorialst gla y §peakmg, the Apollo landings certaien?
prsec S. oon has simpl
e there,i Vrvrt;1 Za?dloolf }1p and.say, “Someone wgsyv:fl;lil;(ilr(ioiid -
fncte. “he 'ea ,'15 e’motz_onally entrancing—like EgT O’L;rﬁd
ey wersegztmzenta? journeys. They were impor;;ar.lt ;
e e technologically fruitful, but because th ove
It’s the sagi;ne sense of .
i se of awe that comes from stargazi
e o izto I(‘) lll)?gisar;d. feeling that you might at ang;;1 Zr;r:)gmoel;lirgﬁ
B e ol Ofp ce,.that you are stuck to this earth only b
i, ﬁngerg;rr‘:lgl_ty. Qr the feeling that you get wheny oy
R o Ll imagine the unseen activity that goe“y N
R e to e i iputian worlds within worlds. It makesb o
g S. alize t.hat even the hardest rock is alm o
pace—a lattice of elusive bundles of enekrgy h(:‘:sitl in-
0-

high as the comparative thi
hic
marlb}lle. What a thin skin ourkgﬁziis izsur N s
ave a pos .
.l arropv)v b;((;irn(t)? my ofﬁce'wall that shows a spiral galaxy with
B e wtiach r(lig to a middle-sized star on one of they ,
B ine on the f)Ottto the arrow read, “You Are Here ’?I'JI?}?r
D s ot aalasios om te_lls me that there are some h \ d ]
xies in the universe, each containing at leastu : hred
un-

This kind of i :
B heir achi(c)afvl:é?mtléuon :Shquld not leave us feeling that peopl

B ook Knowleden s are insignificant. Weisskopf titled h'p o
B ytant, as kno i)e and Wonder because wonder is ever, Iprop—
good society is 01::5 e;izi}%le;}l]n t}1lebattempt to understand natgrelt‘:ii

“It’s import: celebrates its own existence,” he s:
his studpent: rge?();et}())rleavz all the awe to the reli;igfcss’tslz?vs\’?&
: A essed, he tells th ) en

worth liv : 8 them there : i
i tltrxlft i(})]: bBeetboven. and quantum mechadnri(zstwv(;’}fh;ngs
eautiful things created by nature an(i by paé tie
ople

are worth our
constant res
. . ect ¢ et
preservation). pect and admiration (not to mention
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good thing if only because
Tang. The sight of Venus

Contemplating our cosmic navelsisa
it feeds our souls—and a lot better than
dangling near the crescent moon on a clear night like a diamond
earring stirs our emotions in the same way great art does. Re-
cently I sat in box at Lincoln Center and listened to Joan Suther-
land sing Lucia, amazed at the emotional impact produced by the
subtle stirring of sound waves inside my ear. It was not unlike the
feelings people get from looking out over the ocean, or listening to
a bird sing, or probing the innards of protons.

I have a friend who likes to ask the following “gcience” ques-
tion: How would you hold one hundred tons of water in thin air
with no visible means of support? Answer: Build a cloud. What he’s
saying is no more elaborate than “Gee whiz!”

Understanding our place in the sun requires an understanding
of the sun’s place in the solar system, the cycles of the sky, the
nature of the elements, and the improbabilities of life. If what we
learn leaves us a little stunned by our limitations and potentials, 80
be it. Science gives us
appreciation for perspective and a tolerance

('m not saying that science isn’'t a part of our

for ambiguity.

come from science, I wouldn’t be typing on this typewriter;* I

would be scrubbing diapers on a washboard instead of covering my |
baby’s bottom with layers of disposable plastic. I feel a little bit |
environ- °
talking about the fruits of science, We should |
have three categories: practical fruits, sentimental fruits, and rot- ¢

guilty about the plastic, of course. I know it pollutes the

ment. Perhaps in

ten fruits. The rotten ones have the increasingly scary potential to
spoil all the rest. But it’s undoubtedly easier

the understanding of the nucleus doesn’t build the nuclear bomb.)
Nobel laureate Steven Weinberg concluded his account of the |
First Three Minutes in the life of the universe with a curious state- |
ment: “The effort to understand the universe,” he wrote, “is one of |
the very few things that lifts human life a little above the level of |
farce and gives it some of the grace of tragedy.”

I prefer a more positive version of the same sentiment that |

-

a sense of scale and a sense of limits; an |

everyday lives in |
the ordinary sense, either. If it weren’t for the technology that has |

to fight back against 3
their dangers with knowledge rather than ignorance. In any event, |

-

* Actually, the typing of this manuseript finally compelled me to buy a computer.
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came from i
the giant atfn(l)l;fnrt ‘?llson_the sculptor and physicist who built
tory near Chicagj ) P(It ;:et the Fegmi Nationa 4 ecelcrator Labora
. . xpressed it in re 5 i
uest sponse t
?on S }:035 of a senator who demanded to kr?ow whotthe C('mtmual
‘b‘I athto do with the national defense: at probing pro-
] ; :
g s, arying coneted e bes o i sl
senator. s the security of the country?” asked the
“ioﬁ:slrﬁol dol not believe so,” responded Dr. Wilson
gt et afla.tuedm that respect?” asked the senator ;:lgain
B her t}{e dis ?t 0fw1th the respect with which we regar('l on
these things: A%Z y of people, our love of culture. It has to do wit}e,
mean all the.thinggfhiios paln’;le rs, good sculptors, great poets? 1
e re: . o
try aInd are patriotic about ally venerate and honor in our coun-
[ n th . '
at sense, this new knowledge has all to do with honor and

country but it has nothin i
g to do direc i :
try—except to help make it worthrgége)r’lc?i,rlgl ’fiefendmg M



