" | ing outof such an endeavor—

COME FROM?

UPPOSE: YOU ARE,BY THE
Grace of God, Victoria, Queen
of the United Kingdom of Great.
Britain and Ireland and
Defender of the Faith in the
most prosperous and triumphant
age of the British Empire. Your
dominions stretch across the
planet. Maps of the world are
“abundantly splashed - with
British pink. You preside over |
the world’s leading technological power.

Suppose, around the year 1860; you have a vi-
sionary idea: You want a machine that will carry your
voice, as well as moving pictures of the glory of the
Empxn:, into every home in the kingdom. The sounds
and pictures must come not  through conduns or wires
but, somehow, out of the air.

So, with the Prime Minister’s support, you con-
vene the Cabinet, the Imperial General Staff and the
leading scientists and engineers
of the Empire. You will atlocate” | NN
| £1 million, you tell them (big:. R

money in 1860). If they need '

more, Justask.Youdontcare
! bow they do it-—just get it done

.|+ Probably there would be
' some useful inventions emerg-:

“spinoff.”. There always are’
when you ' spend huge amounts '
of money on technology. But’
thé project would almost certain- .-
ly fail; Why" Because the under-
lying science hadn’t been done.

- In the real world, the physics
~ necessary to invent radio and .

television would come from a FRQM B AS]C
-| ‘direction thamoone could have '
prodicted. ‘IMPRACTICAL’
« James Clerk Maxwell was
bom in Edinburgh, Scotland, in
1831 Atage 2, he found that he RESEARCH
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coulduscatmplateto bounceanxmageof:thun'

off the furniture and make it dance against the walls.
As his parents came running, he cried out, “It’s the

Sun! I got it with the tin plate!” " In his boyhood, he was

fascinated by bugs, grubs, rocks, flowers, lenses, ma-

chines. It was humiliating, his Aunt Jane later re-

called, “to be asked by a chﬂd like that so many ques-
tions one couldn’t answer.”
Naturally, by the time he got to school, he was

S A G A N°

THE SCIENTIST
WHO ACCIDENTALLY
- INVENTED
. POP CULTURE:

‘how reached out arid generated electricity. This was
“called “induction” and was deeply m
- to magic.

cal]cd “Dafty dqft bcmg i Bnnslnsm for hot qmte

right in the head. He was an exceptionally handsome

young man, but he dressed carelessly—for comfort

rather than style-—and his Scottish provincialisms in

speech and conduct were a cause for derision, espe-

c1ally by the Umc he reached college. And he had pc-
: . cuhar interests, .- -

-'He made enormous oomnbutlons
..'to astronomy and physics,-but his
.. greatest contribution: was his.dis-

" covely that electricity and iagnet-
“ism _join together to; become light.
. The now-conventional understand-

: .ing of the electromagnetic spectrum,
“ running in wavelengths from gan

large yellow- ~ o0 X-rays to ultraviolet light to
red ,eitw ts | Visible light to infrared light to ra-
the Maxwell .~ dio waves, is due to Maxwell. So are

-Mountain, - radio, television and radar. =
discoveredby  But Maxwell wasn't after any of
this. He was interested in how elec-

_ tricity makes magnetism, and vice

Trinity College, Camhrirfge

versa. I want to describe what Max-
well did, but his historic accom-
plishment is highly mathematical.
4 Here, I can at best give you only the
4 briefest and simplest flavor. . -
! _The Danish physicist Hans Chris-
tian Oersted had performed a little
" éxperiment in which electricity was
made to flow down a wire and induce
a nearby compass needle to waver
and tremble. The wire and the com-
- pass were not in physical contact.
. The great English physicist Mi-
chael Faraday had done the comple-
“m ntary experiment: He made a

thereby generated a current of elec-
mcxty in a nearby wire. Time-vary-
ing electricity had somehow reached
~ out and generated magnetism, and
.:time-varying magnetism had some-

ous—closc

Faraday pmposed that the magnct bad an invisi-
ble “field” of force that extended into suirounding

- space— stronger close to the magnet, weaker farther
_away. You could track the form of the field by plac-
] mg tiny iron filings on a piece of paper : and waving

a magnet undemeath. cannnued
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"WHERE"DID’ TvicomE mbMé/ébntinuéd

_.-on Maxwell’s discovery . many years later, Albe:
‘Einstéin wrote, “To few men in the ‘world has such

< The clectncny in a wire, we now know is causcd
expcnencc been vouchsafed.” =

7 by submicroscopic electrical particles called electrons, *
[ “which respond to an electric field and move: The wires -
. are made of materials like copper, which havelots of -
free electrons—electrons not bound within atoms but
/instead able to move. Unlike copper; though; most
imnaterials, like wood, are not good conductoxs mther,
they are insulators. In them, oompamuVely few glec:
_trons are available tomove in Tesponseé o an‘¢lectric
-of magnetic field. Not inuch of a current is pnoduoed.
.. Maxwell devised a wiy of writing down what was
“known about electricity and mdgnetism in his time—-
“four equations summarizing precisely all those ex-
perimients with wires and currents and magnets.

The first of the four Maxwell equations tells how
an electric field, due to electrical charges (electrons,
for example), varies with distance. (It gets weaker
the farther away we go.) But the more electrons ina’’
given space, the stronger the field.

The sécond equation tells us that there's no oompa‘
rable statement in magnetism. Saw a magnet in half,
and you won’tbe holdmg an 1solated " pole and
an xsolatcd south pole; each piece now has itsown .-

“north” and “south” poles.

The third equanon tells us how a changmg magpetic
field induces an electric field.

The fourth describes the con- S U PPORT
verse: how a changing electric ..
field (or an electrical current) in-
duces a magnetic field.
|  The four equations are essen-

tially distillations of generations
of laboratory experiments.

) Maxwell then asked himself
a strange question: What would
these-equations look like in emp-
ty space, in a vacuum, in a place
where there were no electrical. -

.charges and no €lectrical cur-
rents? We inighit very well an- '_”
uclpatc 1o electric and nomag-,
netic fields in a vacuum.

In the equations for empty-

agation of an electromagnetic wave through a‘pe
fect vacuum. So he imagined space filled with a my,
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" do'with how we see, with what light is. Rummatmg ot

+Living in a mechanical agc Maxwell felt obliged:
to offer some kind of mechanical model for the prop-

terious substance he- called the "ae(hcr ”whlch

: ’udlielmoMarcom -used radio in lsbl to.communicate across the Atlantic
Ocean. Ironically, he is far better known than Maxweli. There has never
been a TV program on the llfe ol ‘Maxwell, who made TV possmle

. fam l’rec to pursue their curiosity and
M Sinterrogate Nature, not with any
: Ec;hon ~term practical

Maxwell wasn't thmkmg of ra-
dio, radar or lclevxslon when he
first scratched out'the fundamen-
tal equations of electromagnetism;
Newton wasn’t dreaming of space-
flight or communications satellites’
when he first understood the mo-
tion of the Moon; Roentgen wasn’t
contemplating medical diagnosis
f when he invéstigated a penetrat-
ing radiation so mysterious he
§ called it X-rays; Curie wasn’t
thinking .of cancer therapy when
‘she painstakingly extracted minute
“amounts of radium-from tons of
the mineral pitchblende; Fleming
“wasn't planning on saving the lives
" of millions with antibiotics when
“he noticed 4 circle free of bacteria’
around a growth of mold; Watson
-and Crick weren’t imagininig the
cure of genetic discases when they
puzzled over the- X-rdy diffrac-
tometry_of DNA; Rowland and
.Molina weren't planning to im-
“-plicate CFCs.in ozone-depletion
when they began studying stratos-
pheric photochemistry. o
These discoveries and a mulu-
tude of others that grace and char-
acterize our time~—to some-of
which our very lives 2 are beholden-—

“:space, the symmetry between the
magnetic and electric fields should L upported and contamed umc -varying electric 'and
be preserved, Maxwell intuited. H UMANITY magnetic fields muchlike a throbbing but invisible
Even in a vacuum—in the total ab-
sence of électricity or even of mat- _ “the aether was the reason that light traveled through
ter—a changing magnetic field, he -it just'as water waves propagate ﬂlrouch water
proposed, elicits an electric field, and vice versa. The ;sound waves through air.
equations were to represent Nature; and Nature is,
Maxwell believed, beautiful and elegant. This partly&e— thc aether was to lead, 40 years later, to Einstein's
thetic judgment has done more to shape our civilization - “Special Theory of Relativity, E = mc”, and a:grea
than any 10 recent Presidents and Prime Ministers. . deal else. Relativity, and cxpenments leading'up ¢

When the equations were written down, Maxwell it, showed conclusively that there'is no aéthér sup-
was readily able to show that electric and niz
fields propagated through empty space as if ey wi e wave goes by itself. The changing electric field
waves. What's more, the velocity of the wave conld be 32 generates a magnetic field; the changing magnetic
calculated. When Maxwell plugged in the numbc:s he field generates an electric field. They hold each oth-
found that the electric and magnetic fields in 4 Vacuuin’ er up by their bootstraps.

-ought to propagate, astonishingly, at the san; Yspeed i

| as light. The agreement was too close to be acciderital. - -y, cultirally and politically by broadcast towers, mi-

Since light now appeared to behave as waves and : :crowave relays and communication satellites traces
to derive from electric and magnetic fields, Maxwell directly to Maxwell. So does television; radar, which
called them “electromagnetic.” Those obséure ex-

periments with batteries and wires had something t

mam and in the dcfcal of thc Naus in World qu: l'l

‘Jell-O permeating the Universe. The quivering of . -

" The whole idea of light and | thatter moving through _

fg ‘porting the propagation of electromagnetic waves. 10 have a handlc o

‘“Thé linking up of the modern world economical-

may have been the decisive element in the Battle of ..
‘-achlc’vemcnt L

'“were ‘made ulthately by scientists glven the oppor-

mmty to explore what, in their opinion and under the'

; PGC utl 5
scxemlﬁc research is fiot the way o solvethem.
Scientists dg not constitute a voting bloc. They have
cffecnye fobby. _However much of their wog'k is
everybody s interest: Backirig off from fundaméntal

research’ constitutes a failure-of nerve, of imagina-'

tion and of that szxon tlnng that we still don tseem
. i

Carl Sagan a Pulttzg:r Prize-winner, is a recipieni of
the Public Welfare Medal, the highest award of the
NanonalArad‘e_' nfﬁ’mpnrav The citation reads in
part: “No oiie hds evér succeeded i in conveying the
wonder, excitement.and joy of science as widely as
Carl Sagan, and few'as well .His abtllty 15 cdpuire:
the tmagmarmn of millions and 1o explatn diffi cult
concepls.in understaridable ternis s a magnificen




