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In tro duc tion
In tro duc tion
In tro duc tion

Dis cov ery! The very word sends tin gles surg ing up your spine. It quick ens your pulse.
Dis cov er ies are the mo ments of “Ah, ha! I un der stand!” and of “Eu reka! I found it!”

Ev ery one longs to dis cover some thing—any thing! A dis cov ery is find ing or ob serv ing 
some thing new—some thing un known or un no ticed be fore. It is no tic ing what was al ways
there but had been over looked by all be fore. It is stretch ing out into un touched and un -
charted re gions. Dis cov er ies open new ho ri zons, pro vide new in sights, and cre ate vast for -
tunes. Dis cov er ies mark the prog ress of hu man civ i li za tions. They advance human
knowledge.

Court room ju ries try to dis cover the truth. An thro pol o gists dis cover ar ti facts from past 
hu man civ i li za tions and cul tures. Peo ple un der go ing psy cho ther apy try to discover
themselves.

When we say that Co lum bus “dis cov ered” the New World, we don’t mean that he cre -
ated it, de vel oped it, de signed it, or in vented it. The New World had al ways been there. Na -
tives had lived on it for thou sands of years be fore Co lum bus’s 1492 ar rival. They knew the
Ca rib bean Is lands long be fore Co lum bus ar rived and cer tainly didn’t need a Eu ro pean to
dis cover the is lands for them. What Co lum bus did do was make Eu ro pean so ci et ies aware
of this new con ti nent. He was the first Eu ro pean to lo cate this new land mass and put it on
the maps. That made it a discovery.

Dis cov er ies are of ten un ex pected. Vera Ru bin dis cov ered cos mic dark mat ter in 1970.
She was n’t search ing for dark mat ter. In fact, she didn’t known that such a thing ex isted un -
til her dis cov ery proved that it was there. She even had to in vent a name (dark mat ter) for it
af ter she had dis cov ered its existence.

Some times a dis cov ery is built upon pre vi ous work by other sci en tists, but more of ten
not. Some dis cov er ies are the re sult of long years of re search by the dis cov er ing sci en tist.
But just as of ten, they are not. Dis cov er ies of ten come sud denly and rep re sent the be gin ning 
points for new fields of study or new fo cuses for existing scientific fields.

Why study dis cov er ies? Be cause dis cov er ies chart the di rec tion of hu man de vel op -
ment and prog ress. To day’s dis cov er ies will shape to mor row’s world. Ma jor dis cov er ies
de fine the di rec tions sci ence takes, what sci en tists be lieve, and how our view of the world
changes over time. Ein stein’s 1905 dis cov ery of rel a tiv ity rad i cally al tered twentieth-
cen tury phys ics. Dis cov er ies chart the path and prog ress of sci ence just as float ing buoy
mark ers re veal the course of a twist ing chan nel through a wide and shal low bay.

Dis cov er ies of ten rep re sent rad i cally new con cepts and ideas. They cre ate vir tu ally all
of the sharp de par tures from pre vi ous knowl edge, life, and think ing. These new sci en tific
dis cov er ies are as im por tant to our evo lu tion as are the evo lu tion ary changes to our DNA
that have al lowed us to phys i cally adapt to our changing environments.
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This book briefly de scribes the 100 great est sci ence dis cov er ies of all time, the dis cov -
er ies that have had the great est im pact on the de vel op ment of hu man sci ence and think ing.
Let me be clear about ex actly what that means:

Great est: “Of high est im por tance; much higher in some qual ity or de gree of un der -
stand ing” (Web ster’s New Col lege Dic tio nary).

Sci ence: Any of the spe cific branches of sci en tific knowl edge (phys i cal sci ences, earth 
sci ences, and life sci ences) that de rive knowl edge from sys tem atic ob ser va tion, study,
and ex per i men ta tion.

Dis cov ery: The first time some thing is seen, found out about, re al ized, or known.

All time: The re corded (writ ten) his tory of hu man civ i li za tions.

This book, then, de scribes the pro cess of find ing out, of re al iz ing key sci en tific in for -
ma tion for the 100 sci ence dis cov er ies of the high est im por tance over the course of re -
corded hu man his tory. These are the big gest and most im por tant of all of the thou sands of
sci ence dis cov er ies. These are the sci ence dis cov er ies that rep re sent the great est ef forts by
the best and brightest in the world of science.

There are many ar eas of hu man de vel op ment and many kinds of im por tant dis cov er ies
not in cluded here—for ex am ple, dis cov er ies in art, cul ture, ex plo ra tion, phi los o phy, so ci -
ety, his tory, or re li gion. I also ex cluded sci ence dis cov er ies that can not be at trib uted to the
work of one in di vid ual or to a small group of col lab o ra tors. Global warm ing, as an ex am ple, 
is a ma jor re search fo cus of our time. Its dis cov ery may be crit i cal to mil lions—if not bil -
lions—of hu man lives. How ever, no one in di vid ual can be cred ited with the dis cov ery of
global warm ing. At a min i mum, 30 re search ers spread over 25 years each had a hand in
mak ing this global discovery. So it is not included in my list of 100.

You will meet many of the gi ants of sci ence in this book. Many—but cer tainly not all.
There are many who have made ma jor con tri bu tions to the his tory and thought of sci ence
with out mak ing one spe cific dis cov ery that qual i fies as one of the 100 great est. Many of the
world’s great est think ers and dis cover ers are not here be cause their dis cov er ies do not qual -
ify as sci ence discoveries.

Dis cov er ies are not nor mally sought or made in re sponse to ex ist ing prac ti cal needs, as 
are in ven tions. Dis cov er ies ex pand hu man knowl edge and un der stand ing. Of ten, it takes
de cades (or even cen tu ries) for sci en tists to un der stand and ap pre ci ate dis cov er ies that turn
out to be crit i cal. Gregor Men del’s dis cov ery of the con cept of he red ity is a good ex am ple.
No one rec og nized the im por tance of this dis cov ery for more than 50 years—even though
we now re gard it as the found ing point for the sci ence of ge net ics. Ein stein’s the ory of rel a -
tiv ity was in stantly rec og nized as a ma jor dis cov ery. How ever, a cen tury later, sci en tists
still strug gle to un der stand what it means and how to use it as we inch farther into space.

That would not be the case with a great in ven tion. The pro cess of in ven tion fo cuses on
the cre ation of prac ti cal de vices and prod ucts. In ven tors ap ply knowl edge and un der stand -
ing to solve ex ist ing, press ing prob lems. Great in ven tions have an im me di ate and practical
use.
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Not so with dis cov er ies. Ein stein’s the ory of rel a tiv ity pro duced no new prod ucts,
prac tices, or con cepts that af fect our daily life. Nei ther did Kep ler’s dis cov ery of the el lip ti -
cal or bits of the plan ets around the sun. The same is true of Al fred Wegener’s dis cov ery that 
the con ti nents drift. Yet each rep re sents a great and ir re place ably im por tant ad vance in our
un der stand ing of our world and of the universe.

I had three main pur poses in shap ing and writ ing this book:

 1. To pres ent key sci en tific dis cov er ies and show their im pact on our think ing and
un der stand ing.

 2. To pres ent each dis cov ery within the con tin uum of sci en tific prog ress and de vel -
op ment.

 3. To show the pro cess of con duct ing sci en tific ex plo ra tion through the con text of
these dis cov er ies.

It is in ter est ing to note that the sci en tists who are as so ci ated with these 100 great est
sci ence dis cov er ies have more traits and char ac ter is tics in com mon than do those as so ci -
ated with the 100 great est sci ence in ven tions (see my book by that ti tle, Li brar ies Un lim -
ited, 2005). The sci en tists listed in this book—those who have made ma jor sci ence
dis cov er ies—in gen eral ex celled at math as stu dents and re ceived ad vanced de grees in
sci ence or en gi neer ing.

As a group they were fas ci nated by na ture and the world around them. They felt a
strong pas sion for their fields of sci ence and for their work. They were of ten al ready es tab -
lished pro fes sion als in their fields when they made their grand dis cov er ies. Their dis cov er -
ies tend to be the re sult of ded i cated ef fort and cre ative ini tia tive. They got ex cited about
some as pect of their sci en tific field and worked hard, long hours with ded i ca tion and in spi -
ra tion. These are im pres sive men and women we can hold up as model sci en tists, both for tu -
nate in their op por tu ni ties and to be em u lated in how they took ad van tage of those
op por tu ni ties and ap plied both dil i gence and honesty in their pursuit of their chosen fields.

It is also amaz ing to con sider how re cent many of these dis cov er ies are that we take for
granted and con sider to be com mon knowl edge. Seafloor spread ing was only dis cov ered 50
years ago, the ex is tence of other gal ax ies only 80 years ago, the ex is tence of neu trons only
70 years ago. Sci ence only dis cov ered the true na ture and be hav ior of di no saurs 30 years
ago and of nu clear fu sion only 50 years ago. The con cept of an eco sys tem is only 70 years
old, That of me tab o lism is also only 70 years old. Yet al ready each of these con cepts has
wo ven it self into the tap es try of common knowledge for all Americans.

I had to de vise some cri te ria to com pare and rank the many im por tant sci ence dis cov er -
ies since I had lit er ally thou sands of dis cov er ies to choose from. Here are the seven cri te ria I
used:

 1. Does this dis cov ery rep re sent truly new think ing, or just a re fine ment and im -
prove ment of some ex ist ing concept?

 2. What is the ex tent to which this dis cov ery has al tered and re shaped sci en tific di -
rec tion and re search? Has this dis cov ery changed the way sci ence views the
world in a fun da men tal way? Has it rad i cally al tered or re di rected the way sci en -
tists think and act?
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 3. What is the im por tance of this dis cov ery to the de vel op ment of that spe cific field
of sci ence?

 4. Has this dis cov ery had long-term ef fects on hu man de vel op ment? Has its im pact
fil tered down to our daily lives?

 5. Is this a dis cov ery within a rec og nized field of sci ence? Is it a sci ence dis cov ery?

 6. Am I ad e quately rep re sent ing the breadth and di ver sity of the many fields,
subfields, and spe cial ties of sci ence?

 7. Can this dis cov ery be cor rectly cred ited to one in di vid ual and to one event or to
one pro longed re search effort?

There are many wor thy dis cov er ies and many wor thy sci en tists that did not make the
fi nal cut to be rep re sented here. All of them are wor thy of study and of ac claim. Find your
own fa vor ites and re search them and their con tri bu tions (see Ap pen dix 3 for ad di tional
suggestions).

Sev eral en tries in clude two dis cov er ies be cause they are closely linked and be cause
nei ther alone qual i fies as one of the 100 great est. How ever, con sid ered col lec tively, they
take on an im por tance far greater than their in di vid ual im pact would suggest.

En joy these sto ries. Revel in the wis dom and great ness of these dis cov er ies. Search for
your own fa vor ites. Then re search them and cre ate your own dis cov ery sto ries to share!
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How to Use This Book
How to Use this Book
How to Use this Book

This book pro vides a wealth of in for ma tion on—ob vi ously—sci ence dis cov er ies, but
also on the pro cess of do ing sci ence, and glimpses into the lives of the many fas ci nat ing
peo ple who have ad vanced our sci en tific knowledge.

Use the book as a ref er ence for sci ence units and les sons fo cused on dif fer ent as pects
of, or fields of sci ence. Use it to in tro duce units on dis cov er ies, or on the pro cess of do ing
sci ence. Use it as a ref er ence for sci ence bi og ra phy re search. Use it as an in tro duc tion to the
pro cess of dis cov ery and the pro cess of con duct ing sci en tific study. Use it for fun reading.

Each en try is di vided into four sec tions. An in tro duc tory sec tion de fines the dis cov ery
and lists its name, year of dis cov ery, and dis cov er ing sci en tist. This is fol lowed by a brief
jus ti fi ca tion for plac ing this dis cov ery on the great est 100 list (“Why Is This One of the 100
Great est?”).

The body of each en try (“How Was It Dis cov ered?”) fo cuses on how the dis cov ery
was made. These sec tions pro vide a look at the pro cess of sci ence and will help stu dents ap -
pre ci ate the dif fi culty of, the im por tance of, and the pro cess of sci en tific dis cov ery. Fol low -
ing this dis cus sion, I have in cluded a Fun Fact (an in trigu ing fact re lated to the sub ject of the 
dis cov ery) and a few se lected ref er ences. More gen eral ref er ences are listed at the back of
the book.

Fol low ing the 100 dis cov ery en tries, I have in cluded three ap pen dixes and a list of
gen eral ref er ences. The list of the 100 dis cov er ies by their field of sci ence (Ap pen dix 1), an
al pha bet i cal list of all men tioned sci en tists (Ap pen dix 2), and a list of “The Next 40” (Ap -
pen dix 3). This is a list of 40 im por tant dis cov er ies that just missed in clu sion on my 100
Great est list and is an im por tant source list for ad di tional dis cov er ies for stu dents to re -
search and dis cover for themselves.
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Le vers and Buoy ancy
Le vers and Buoyancy
Levers And Buoyancy

Year of Dis cov ery: 260 B.C.

What Is It? The two fun da men tal prin ci ples un der ly ing all phys ics and 
en gi neer ing.

Who Dis cov ered It? Ar chi me des

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

The con cepts of buoy ancy (wa ter pushes up on an ob ject with a force equal to the
weight of wa ter that the ob ject dis places) and of le vers (a force push ing down on one side of
a le ver cre ates a lift ing force on the other side that is pro por tional to the lengths of the two
sides of the le ver) lie at the foun da tion of all quan ti ta tive sci ence and en gi neer ing. They rep -
re sent hu man ity’s ear li est break throughs in un der stand ing the re la tion ships in the phys i cal
world around us and in de vis ing math e mat i cal ways to de scribe the phys i cal phe nom ena of
the world. Count less en gi neer ing and sci en tific advances have depended on those two
discoveries.

How Was It Dis cov ered?
How Was It Dis cov ered?

In 260 B.C. 26-year-old Ar chi me des stud ied the two known sci ences—as tron omy and
ge om e try—in Syr a cuse, Sic ily. One day Ar chi me des was dis tracted by four boys play ing
on the beach with a drift wood plank. They bal anced the board over a waist-high rock. One
boy strad dled one end while his three friends jumped hard onto the other. The lone boy was
tossed into the air.

The boys slid the board off-cen ter along their bal anc ing rock so that only one-quar ter
of it re mained on the short side. Three of the boys climbed onto the short, top end. The
fourth boy bounded onto the ris ing long end, crash ing it back down to the sand and cat a pult -
ing his three friends into the air.

Ar chi me des was fas ci nated. And he de ter mined to un der stand the prin ci ples that so
eas ily al lowed a small weight (one boy) to lift a large weight (three boys).

Ar chi me des used a strip of wood and small wooden blocks to model the boys and their
drift wood. He made a tri an gu lar block to model their rock. By mea sur ing as he bal anced
dif fer ent com bi na tions of weights on each end of the le ver (le ver came from the Latin word
mean ing “to lift”), Ar chi me des re al ized that le vers were an ex am ple of one of Eu clid’s pro -
por tions at work. The force (weight) push ing down on each side of the le ver had to be pro -
por tional to the lengths of board on each side of the bal ance point. He had dis cov ered the
math e mat i cal con cept of le vers, the most com mon and basic lifting system ever devised.
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Fif teen years later, in 245 B.C., Ar chi me des was or dered by King Hieron to find out
whether a gold smith had cheated the king. Hieron had given the smith a weight of gold and
asked him to fash ion a solid-gold crown. Even though the crown weighed ex actly the same
as the orig i nal gold, the king sus pected that the gold smith had wrapped a thin layer of gold
around some other, cheaper metal in side. Ar chi me des was or dered to dis cover whether the
crown was solid gold with out dam ag ing the crown itself.

It seemed like an im pos si ble task. In a pub lic bath house Ar chi me des no ticed his arm
float ing on the wa ter’s sur face. A vague idea be gan to form in his mind. He pulled his arm
com pletely un der the sur face. Then he re laxed and it floated back up.

He stood up in the tub. The wa ter level dropped around the tub’s sides. He sat back
down. The wa ter level rose.

He lay down. The wa ter rose higher, and he re al ized that he felt lighter. He stood up.
The wa ter level fell and he felt heavier. Wa ter had to be push ing up on his sub merged body
to make it feel lighter.

He car ried a stone and a block of wood of about the same size into the tub and sub merged 
them both. The stone sank, but felt lighter. He had to push the wood down to sub merge it. That 
meant that wa ter pushed up with a force re lated to the amount of wa ter dis placed by the ob ject
(the ob ject’s size) rather than to the ob ject’s weight. How heavy the ob ject felt in the wa ter
had to re late to the ob ject’s den sity (how much each unit vol ume of it weighed).

That showed Ar chi me des how to an swer the king’s ques tion. He re turned to the king.
The key was den sity. If the crown was made of some other metal than gold, it could weigh
the same but would have a dif fer ent den sity and thus oc cupy a dif fer ent volume.

The crown and an equal weight of gold were dunked into a bowl of wa ter. The crown
dis placed more wa ter and was thus shown to be a fake.

More im por tant, Ar chi me des dis cov ered the prin ci ple of buoy ancy: Wa ter pushes up
on ob jects with a force equal to the amount of wa ter the ob jects displace.

Fun Facts: When Ar chi me des dis cov ered the con cept of buoy ancy, he
leapt form the bath and shouted the word he made fa mous: “Eu reka!”
which means “I found it!” That word be came the motto of the state of Cal i -
for nia af ter the first gold rush min ers shouted that they had found gold.

More to Ex plore
More to Ex plore:

Allen, Pamela. Mr. Ar chi me des Bath. Lon don: Gar den ers Books, 1998.

Ben dick, Jeanne. Ar chi me des and the Door to Sci ence. New York: Beth le hem Books, 1995.

Gow, Mary. Ar chi me des: Math e mat i cal Ge nius of the An cient World. Berke ley
Heights, NJ: Enslow Pub lish ers, 2005.

Heath, Tom. The Works of Ar chi me des: Ed ited in Mod ern No ta tion. Do ver, DE: Ad a -
mant Me dia Cor po ra tion, 2005.

Stein, Sherman. Ar chi me des: What Did He Do Be sides Cry Eu reka? Wash ing ton, DC: 
The Math e mat i cal As so ci a tion of Amer ica, 1999.

Zannos, Su san. The Life and Times of Ar chi me des. Hockessin, DE: Mitch ell Lane Pub -
lish ers, 2004.
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The Sun Is the Cen ter
of the Uni verse

The Sun Is the Cen ter of the Uni verse
THE SUN IS THE CEN TER OF THE UNI VERSE

Year of Dis cov ery: A.D. 1520

What Is It? The sun is the cen ter of the uni verse and the earth ro tates around it.

Who Dis cov ered It? Nicholaus Co per ni cus

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Co per ni cus mea sured and ob served the plan ets and stars. He gath ered, com piled, and
com pared the ob ser va tions of doz ens of other as tron o mers. In so do ing Co per ni cus chal -
lenged a 2,000-year-old be lief that the earth sat mo tion less at the cen ter of the uni verse and
that plan ets, sun, and stars ro tated around it. His work rep re sents the be gin ning point for our 
un der stand ing of the uni verse around us and of modern astronomy.

He was also the first to use sci en tific ob ser va tion as the ba sis for the de vel op ment of a
sci en tific the ory. (Be fore his time logic and thought had been the ba sis for the ory.) In this
way Co per ni cus launched both the field of mod ern as tron omy and mod ern scientific
methods.

How Was It Dis cov ered?
How Was It Dis cov ered?

In 1499 Co per ni cus grad u ated from the Uni ver sity of Bo lo gna, It aly; was or dained a
priest in the Cath o lic Church; and re turned to Po land to work for his un cle, Bishop
Waczenrode, at the Frauenburg Ca the dral. Co per ni cus was given the top rooms in a ca the -
dral tower so he could con tinue his as tron omy measurements.

At that time peo ple still be lieved a model of the uni verse cre ated by the Greek sci en tist, 
Ptol emy, more than 1,500 years ear lier. Ac cord ing to Ptol emy, the earth was the cen ter of
the uni verse and never moved. The sun and plan ets re volved around the earth in great cir -
cles, while the dis tant stars perched way out on the great spher i cal shell of space. But care ful 
mea sure ment of the move ment of plan ets didn’t fit with Ptolomy’s model.

So as tron o mers mod i fied Ptol emy’s uni verse of cir cles by add ing more cir cles within
cir cles, or epi-cir cles. The model now claimed that each planet trav eled along a small cir cle
(epi-cir cle) that rolled along that planet’s big or bital cir cle around the earth. Cen tury af ter
cen tury, the er rors in even this model grew more and more ev i dent. More epi-cir cles were
added to the model so that plan ets moved along epi-cir cles within epi-circles.
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Co per ni cus hoped to use “mod ern” (six teenth-cen tury) tech nol ogy to im prove on Ptol -
emy’s mea sure ments and, hope fully, elim i nate some of the epi-circles.

For al most 20 years Co per ni cus pains tak ingly mea sured the po si tion of the plan ets
each night. But his ta bles of find ings still made no sense in Ptol emy’s model.

Over the years, Co per ni cus be gan to won der what the move ment of the plan ets would
look like from an other mov ing planet. When his cal cu la tions based on this idea more ac cu -
rately pre dicted the plan ets’ ac tual move ments, he be gan to won der what the mo tion of the
plan ets would look like if the earth moved. Im me di ately, the logic of this notion became
apparent.

Each planet ap peared at dif fer ent dis tances from the earth at dif fer ent times through out 
a year. Co per ni cus re al ized that this meant Earth could not lie at the cen ter of the plan ets’
cir cu lar paths.

From 20 years of ob ser va tions he knew that only the sun did not vary in ap par ent size
over the course of a year. This meant that the dis tance from Earth to the sun had to al ways
re main the same. If the earth was not at the cen ter, then the sun had to be. He quickly cal cu -
lated that if he placed the sun at the uni verse’s cen ter and had the earth or bit around it, he
could com pletely elim i nate all epi-cir cles and have the known plan ets travel in sim ple cir -
cles around the sun.

But would any one be lieve Co per ni cus’s new model of the uni verse? The whole
world—and es pe cially the all-pow er ful Cath o lic Church—be lieved in an Earth-cen tered
universe.

For fear of ret ri bu tion from the Church, Co per ni cus dared not re lease his find ings dur -
ing his life time. They were made pub lic in 1543, and even then they were con sis tently
scorned and rid i culed by the Church, as tron o mers, and uni ver si ties alike. Fi nally, 60 years
later, first Johannes Kep ler and then Ga li leo Galilei proved that Copernicus was right.

Fun Facts: Ap prox i mately one mil lion Earths can fit in side the sun. But
that is slowly chang ing. Some 4.5 pounds of sun light hit the earth each
sec ond.

More to Ex plore
More to Ex plore
More to Ex plore

Crowe, Mi chael. The o ries of the World from An tiq uity to the Co per ni can Rev o lu tion.
New York: Do ver, 1994.

Dreyer, J. A His tory of As tron omy from Thales to Kep ler. New York: Do ver, 1998

Fradin, Den nis. Nicolaus Co per ni cus: The Earth Is a Planet. New York: Mondo Pub -
lish ing, 2004.

Goble, Todd. Nicolaus Co per ni cus and the Found ing of Mod ern Astornomy. Greens -
boro, NC: Mor gan Reynolds, 2003.

Knight, Da vid C. Co per ni cus: Ti tan of Mod ern As tron omy. New York: Frank lin
Watts, 1996

Vollman, Wil liam. Uncentering the Earth: Co per ni cus and the Rev o lu tions of the
Heav enly Spheres. New York: W. W. Norton, 2006.
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Hu man Anat omy
Hu man Anat omy
Hu man Anat omy

Year of Dis cov ery: 1543

What Is It? The first sci en tific, ac cu rate guide to hu man anat omy.

Who Dis cov ered It? Andreas Vesalius

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

The hu man anat omy ref er ences used by doc tors through the year A.D. 1500 were
ac tu ally based mostly on an i mal stud ies, more myth and er ror than truth. Andreas
Vesalius was the first to in sist on dis sec tions, on ex act phys i o log i cal ex per i ment and di -
rect ob ser va tion—sci en tific meth ods—to cre ate his anat omy guides. His were the first
re li able, ac cu rate books on the struc ture and work ings of the hu man body.

Versalius’s work de mol ished the long-held re li ance on the 1,500-year-old an a tom i cal
work by the early Greek, Galen, and marked a per ma nent turn ing point for med i cine. For
the first time, ac tual an a tom i cal fact re placed con jec ture as the ba sis for medical profession.

How Was It Dis cov ered?
How Was It Dis cov ered?

Andreas Vesalius was born in Brussels in 1515. His fa ther, a doc tor in the royal court,
had col lected an ex cep tional med i cal li brary. Young Vesalius poured over each vol ume and 
showed im mense cu ri os ity about the func tion ing of liv ing things. He of ten caught and dis -
sected small an i mals and insects.

At age 18 Vesalius trav eled to Paris to study med i cine. Phys i cal dis sec tion of an i mal or 
hu man bod ies was not a com mon part of ac cepted med i cal study. If a dis sec tion had to be
per formed, pro fes sors lec tured while a bar ber did the ac tual cut ting. Anat omy was taught
from the draw ings and trans lated texts of Galen, a Greek doc tor whose texts were writ ten in
50 B.C.

Vesalius was quickly rec og nized as bril liant but ar ro gant and ar gu men ta tive. Dur ing
the sec ond dis sec tion he at tended, Vesalius snatched the knife from the bar ber and dem on -
strated both his skill at dis sec tion and his knowl edge of anat omy, to the amaze ment of all in
attendance.

As a med i cal stu dent, Vesalius be came a ring leader, lur ing his fel low stu dents to raid
the boneyards of Paris for skel e tons to study and grave yards for bod ies to dis sect. Vesalius
reg u larly braved vi cious guard dogs and the grue some stench of Paris’s mound of
Monfaucon (where the bod ies of ex e cuted crim i nals were dumped) just to get his hands on
freshly killed bodies to study.
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In 1537 Vesalius grad u ated and moved to the Uni ver sity of Padua (It aly), where he be -
gan a long se ries of lec tures—each cen tered on ac tual dis sec tions and tis sue ex per i ments.
Stu dents and other pro fes sors flocked to his classes, fas ci nated by his skill and by the new
re al ity he un cov ered—mus cles, ar ter ies, nerves, veins, and even thin struc tures of the
human brain.

This se ries cul mi nated in Jan u ary 1540, with a lec ture he pre sented to a packed the ater
in Bo lo gna, It aly. Like all other med i cal stu dents, Versalius had been trained to be lieve in
Galen’s work. How ever, Vesalius had long been trou bled be cause so many of his dis sec -
tions re vealed ac tual struc tures that dif fered from Galen’s descriptions.

In this lec ture, for the first time in pub lic, Vesalius re vealed his ev i dence to dis credit
Galen and to show that Galen’s de scrip tions of curved hu man thigh bones, heart cham bers,
seg mented breast bones, etc., better matched the anat omy of apes than hu mans. In his lec -
ture, Vesalius de tailed more than 200 dis crep an cies be tween ac tual hu man anat omy and
Galen’s de scrip tions. Time af ter time, Vesalius showed that what ev ery doc tor and sur geon
in Eu rope re lied on fit better with apes, dogs, and sheep than the hu man body. Galen, and
ev ery med i cal text based on his work, were wrong.

Vesalius stunned the lo cal med i cal com mu nity with this lec ture. Then he se cluded
him self for three years pre par ing his de tailed anat omy book. He used mas ter art ists to draw
what he dis sected—blood ves sels, nerves, bones, or gans, mus cles, ten dons, and brain.

Vesalius com pleted and pub lished his mag nif i cent anat omy book in 1543. When med -
i cal pro fes sors (who had taught and be lieved in Galen their en tire lives) re ceived Vesalius’s
book with skep ti cism and doubt, Vesalius flew into a rage and burned all of his notes and
stud ies in a great bon fire, swear ing that he would never again cut into human tissue.

Luck ily for us, his pub lished book sur vived and be came the stan dard anat omy text for
over 300 years.

Fun Facts: The av er age hu man brain weighs three pounds and con tains
100 bil lion brain cells that con nect with each other through 500 tril lion
den drites! No won der it was hard for Vesalius to see in di vid ual neu rons.

More to Ex plore
More to Ex plore
More to Ex plore
More to Ex plore

O’Mal ley, C. Andreas Vesalius of Brussels. Novato, CA: Jeremy Nor man Co., 1997.

Persaud, T. Early His tory of Hu man Anat omy: From An tiq uity to the Be gin ning of the
Mod ern Era. Lon don: Charles C. Thomas Pub lish ers, 1995.

Saunders, J. The Il lus tra tions from the Works of Andreas Vesalius of Brussels. New
York: Do ver, 1993.

Srebnik, Her bert. Con cepts in Anat omy. New York: Springer, 2002.

Tarshis, Jerome. Andreas Vesalius: Fa ther of Mod ern Anat omy. New York: Dial
Press, 1999.

Vesalius, Andreas. On the Fab ric of the Hu man Body. Novato, CA: Jeremy Nor man,
1998.
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The Law of Fall ing
Ob jects

The Law of Fall ing Ob jects
The Law of Fall ing Ob jects

Year of Dis cov ery: 1598

What Is It? Ob jects fall at the same speed re gard less of their weight.

Who Dis cov ered It? Ga li leo Galilei

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

It seems a sim ple and ob vi ous dis cov ery. Heavier ob jects don’t fall faster. Why does it
qual ify as one of the great dis cov er ies? Be cause it ended the prac tice of sci ence based on the 
an cient Greek the o ries of Ar is totle and Ptol emy and launched mod ern sci ence. Ga li leo’s
dis cov ery brought phys ics into the Re nais sance and the mod ern age. It laid the foun da tion
for New ton’s dis cov er ies of uni ver sal grav i ta tion and his laws of mo tion. Ga li leo’s work
was an es sen tial build ing block of modern physics and engineering.

How Was It Dis cov ered?
How Was It Dis cov ered?

Ga li leo Galilei, a 24-year-old math e mat ics pro fes sor at the Uni ver sity of Pisa, It aly,
of ten sat in a lo cal ca the dral when some nag ging prob lem weighed on his mind. Lamps
gently swung on long chains to il lu mi nate the ca the dral. One day in the sum mer of 1598,
Ga li leo re al ized that those lamps al ways swung at the same speed.

He de cided to time them. He used the pulse in his neck to mea sure the pe riod of each
swing of one of the lamps. Then he timed a larger lamp and found that it swung at the same
rate. He bor rowed one of the long ta pers al ter boys used to light the lamps and swung both
large and small lamps more vig or ously. Over many days he timed the lamps and found that
they al ways took ex actly the same amount of time to travel through one com plete arc. It
didn’t mat ter how big (heavy) the lamp was or how big the arc was.

Heavy lamps fell through their arc at the same rate as lighter lamps. Ga li leo was fas ci -
nated. This ob ser va tion con tra dicted a 2,000-year-old cor ner stone of be liefs about the
world.

He stood be fore his class at the Uni ver sity of Pisa, It aly, hold ing bricks as if weigh ing
and com par ing them—a sin gle brick in one hand and two bricks that he had ce mented to -
gether in the other. “Gen tle men, I have been watch ing pen du lums swing back and forth.
And I have come to a con clu sion. Ar is totle is wrong.”
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The class gasped, “Ar is totle? Wrong?!” The first fact ev ery school boy learned in be -
gin ning sci ence was that the writ ings of the an cient Greek phi los o pher, Ar is totle, were the
foun da tion of sci ence. One of Ar is totle’s cen tral the o rems stated that heavier ob jects fall
faster be cause they weigh more.

Ga li leo climbed onto his desk, held the bricks at eye level, and let them fall. Thud!
Both bricks crashed to the floor. “Did the heavier brick fall faster?” he de manded.

The class shook their heads. No, it had not. They landed to gether.
“Again!” cried Ga li leo. His stu dents were trans fixed as Ga li leo again dropped the

bricks. Crash! “Did the heavy brick fall faster?” No, again the bricks landed to gether. “Ar is -
totle is wrong,” de clared their teacher to a stunned cir cle of students.

But the world was re luc tant to hear Ga li leo’s truth. On see ing Ga li leo’s brick dem on -
stra tion, friend and fel low math e ma ti cian Ostilio Ricci ad mit ted only that “This dou ble
brick falls at the same rate as this sin gle brick. Still, I can not so eas ily be lieve Ar is totle is
wholly wrong. Search for another explanation.”

Ga li leo de cided that he needed a more dra matic, ir re fut able, and pub lic dem on stra tion. 
It is be lieved (though not sub stan ti ated) that, for this dem on stra tion, Ga li leo dropped a
ten-pound and a one-pound can non ball 191 feet from the top of the famed Lean ing Tower
of Pisa. Whether he ac tu ally dropped the can non balls or not, the sci ence discovery had been 
made.

Fun Facts: Speak ing of fall ing ob jects, the high est speed ever reached
by a woman in a speed skydiving com pe ti tion is 432.12 kph (268.5 mph). 
Ital ian dare devil Lu cia Bottari achieved this re cord-break ing ve loc ity
above Bottens, Swit zer land, on Sep tem ber 16, 2002, dur ing the an nual
Speed Skydiving World Cup.

More to Ex plore
More to Explor
More to Explor
More to Ex plore

Aldrain, Buzz. Ga li leo for Kids: His Life and Ideas. Chi cago: Chi cago Re view Press,
2005.

Atkins, Pe ter, Ga li leo’s Fin ger: The Ten Great Ideas of Sci ence. New York: Ran dom
House, 2004.

Ben dick, Jeanne. Along Came Ga li leo. San Luis Obispo, CA: Beau ti ful Feet Books,
1999.

Drake, Stillman. Ga li leo. New York: Hill and Wang, 1995.

Fisher, Leon ard. Ga li leo. New York: Macmillan, 1998.

Galilei, Ga li leo. Ga li leo on the World Sys tems: A New Abridged Trans la tion and
Guide. Berke ley: Uni ver sity of Cal i for nia Press, 1997.

MacHamer, Oeter, ed. The Cam bridge Com pan ion to Ga li leo. New York: Cam bridge
Uni ver sity Press, 1998.

MacLachlan, James. Ga li leo Galilei: First Phys i cist. New York: Ox ford Uni ver sity
Press, 1997.

Sobel, Dava. Ga li leo’s Daugh ter. New York: Walker & Co., 1999.

10   The Law of Fall ing Objects



Plan e tary Mo tion
Plan e tary Mo tion
Plan e tary Mo tion

Year of Dis cov ery: 1609

What Is It? The plan ets or bit the sun not in per fect cir cles, but in el lip ses.

Who Dis cov ered It? Johannes Kep ler

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Even af ter Co per ni cus sim pli fied and cor rected the struc ture of the so lar sys tem by dis -
cov er ing that the sun, not the earth, lay at the cen ter of it, he (like all as tron o mers be fore
him) as sumed that the plan ets or bited the sun in per fect cir cles. As a re sult, er rors con tin ued
to ex ist in the pre dicted position of the planets.

Kep ler dis cov ered the con cept of the el lipse and proved that plan ets ac tu ally fol low
slightly el lip ti cal or bits. With this dis cov ery, sci ence was fi nally pre sented with an ac cu rate
pic tures of the po si tion and me chan ics of the so lar sys tem. Af ter 400 years of vastly
improved tech nol ogy, our im age of how plan ets move is still the one Kep ler cre ated. We
have n’t changed or cor rected it one bit, and likely never will.

How Was It Dis cov ered?
How Was It Dis cov ered?

For 2,000 years, as tron o mers placed the earth at the cen ter of the uni verse and as sumed 
that all heav enly bod ies moved in per fect cir cles around it. But pre dic tions us ing this sys tem 
never matched ac tual mea sure ments. Sci en tists in vented epi-cir cles—small cir cles that the
plan ets ac tu ally rolled around that, them selves, rolled around the great cir cu lar or bits for
each planet. Still there were er rors, so sci en tists cre ated epi-circles on the epi-circles.

Co per ni cus dis cov ered that the sun lay at the cen ter of the so lar sys tem, but still as -
sumed that all plan ets trav eled in per fect cir cles. Most epi-cir cles were elim i nated, but er -
rors in plan e tary plot ting continued.

Johannes Kep ler was born in South ern Ger many in 1571, 28 years af ter the re lease of
Co per ni cus’s dis cov ery. Kep ler suf fered through a trou bled up bring ing. His aunt was
burned at the stake as a witch. His mother al most suf fered the same fate. The boy was of ten
sick and had bad eye sight that glasses could not cor rect. Still, Kep ler en joyed a bril liant—
but again trou bled—university career.

In 1597 he took a po si tion as an as sis tant to Tycho Brahe, famed Ger man as tron o mer.
For de cades Tycho had been mea sur ing the po si tion of the plan ets (es pe cially Mars) with
far greater pre ci sion than any other Eu ro pean as tron o mer. When Tycho died in 1601 he left
all his notes and ta bles of plan e tary readings to Kepler.
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Kep ler re jected the epi-cir cle on epi-cir cle model of how plan ets moved and de cided to 
work out an or bit for Mars that best fit Tycho’s data. It was still dan ger ous to sug gest that
the sun lay at the cen ter of the so lar sys tem. The all-pow er ful Cath o lic Church had burned
Friar Giordano Bruno at the stake for be liev ing Co per ni cus. No other sci en tist had dared
come forth to sup port Co per ni cus’s rad i cal no tion. Still, Kep ler was de ter mined to use Co -
per ni cus’s or ga ni za tion for the uni verse and Tycho’s data to make sense of the planets.

Kep ler tried many ideas and math e mat i cal ap proaches that didn’t work. His bad eye -
sight pre vented him from mak ing his own as tro nom i cal sight ings. He was forced to rely en -
tirely on Tycho’s ex ist ing mea sure ments. In bit ter frus tra tion, he was fi nally driven to
con sider what was—at the time—un think able: plan e tary or bits that were n’t per fect cir cles.
Noth ing else ex plained Tycho’s readings for Mars.

Kep ler found that el lip ses (elon gated cir cles) fit far better with the ac cu mu lated read -
ings. Yet the data still didn’t fit. In des per a tion, Kep ler was forced to con sider some thing
else that was also un think able at that time: maybe the plan ets didn’t or bit the sun at a
constant speed.

With these two rev o lu tion ary ideas Kep ler found that el lip ti cal or bits fit per fectly with
Tycho’s mea sured plan e tary mo tion. El lip ti cal or bits be came Kep ler’s first law. Kep ler
then added his Sec ond Law: each planet’s speed al tered as a func tion of its dis tance from the 
sun. As a planet flew closer, it flew faster.

Kep ler pub lished his dis cov er ies in 1609 and then spent the next 18 years cal cu lat ing
de tailed ta bles of plan e tary mo tion and po si tion for all six known plan ets. This was also the
first prac ti cal use of log a rithms, in vented by Scots man John Napier dur ing the early years of 
Kep ler’s ef fort. With these ta bles of cal cu la tions (which ex actly matched mea sured plan e -
tary po si tions) Kep ler proved that he had discovered true planetary motion.

Fun Facts: Pluto was called the ninth planet for 75 years, since its dis -
cov ery in 1930. Pluto’s or bit is the least cir cu lar (most el lip ti cal) of all
plan ets. At its far thest, it is 7.4 bil lion km from the sun. At its near est it is
only 4.34 bil lion km away. When Pluto is at its clos est, its or bit ac tu ally
slips in side that of Nep tune. For 20 years out of ev ery 248, Pluto is ac tu -
ally closer to the sun than Nep tune is. That oc curred from 1979 to 1999.
For those 20 years Pluto was ac tu ally the eighth planet in our so lar sys -
tem and Nep tune was the ninth!

More to Ex plore
More to Ex plore
More to Ex plore
More to Ex plore
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Ju pi ter’s Moons
Ju pi ter’s Moons
JU PI TER’S MOONS

Year of Dis cov ery: 1610

What Is It? Other plan ets (be sides Earth) have moons.

Who Dis cov ered It? Ga li leo Galilei

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Ga li leo dis cov ered that other plan ets have moons and thus ex tended hu man un der stand -
ing be yond our own planet. His care ful work with the tele scopes he built launched mod ern as -
tron omy. His dis cov er ies were the first as tro nom i cal dis cov er ies us ing the tele scope.

Ga li leo proved that Earth is not unique among plan ets of the uni verse. He turned
specks of light in the night sky into fas ci nat ing spher i cal ob jects—into places—rather than
pin pricks of light. In so do ing, he proved that Pol ish as tron o mer Nicholaus Co per ni cus had
been right when he claimed that the sun was the cen ter of the solar system.

With his sim ple tele scope Ga li leo sin gle-handedly brought the so lar sys tem, gal axy,
and greater uni verse within our grasp. His tele scope pro vided vis tas and un der stand ing that
did not ex ist be fore and could not ex ist with out the telescope.

How Was It Dis cov ered?
How Was It Dis cov ered?

This was a dis cov ery made pos si ble by an in ven tion—the tele scope. Ga li leo saw his first
tele scope in late 1608 and in stantly rec og nized that a more pow er ful tele scope could be the an -
swer to the prayers of ev ery as tron o mer. By late 1609 Ga li leo had pro duced a 40-power,
two-lens tele scope. That 1609 tele scope was the first prac ti cal tele scope for sci en tific use.

A pa per by Johannes Kep ler de scrib ing the or bits of the plan ets con vinced Ga li leo to
be lieve the the ory of Pol ish as tron o mer Nicholaus Co per ni cus, who first claimed that the
sun was the cen ter of the uni verse, not the earth. Be liev ing Co per ni cus was a dan ger ous
thing to do. Friar Giordano Bruno had been burned at the stake for be liev ing Co per ni cus.
Ga li leo de cided to use his new tele scope to prove that Co per ni cus was right by more ac cu -
rately charting the motion of the planets.

Ga li leo first turned his tele scope on the moon. There he clearly saw moun tains and val -
leys. He saw deep crat ers with tall, jag ged rims slic ing like ser rated knives into the lu nar
sky. The moon that Ga li leo saw was rad i cally dif fer ent from the per fectly smooth sphere
that Ar is totle and Ptol emy said it was (the two Greek as tron o mers whose teach ings still
formed the ba sis of all sci ence in 1610). Both the all-pow er ful Cath o lic Church and ev ery
uni ver sity and sci en tist in Eu rope believed Aristotle and Ptolemy.
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In one night’s view ing of the moon’s sur face through his tele scope, Ga li leo proved Ar -
is totle wrong—again. The last time Ga li leo’s ob ser va tions had con tra dicted Ar is totle’s
teach ings, Ga li leo had been fired from his teach ing po si tion for be ing right when he proved
that all ob jects fall at the same rate re gard less of their weight.

Ga li leo next aimed his tele scope at Ju pi ter, the big gest planet, plan ning to care fully
chart its mo tion over sev eral months. Through his tele scope (the name is a com bi na tion of
the Greek words for “dis tant” and “look ing”) Ga li leo saw a mag ni fied view of the heav ens
no hu man eye had ever seen. He saw Ju pi ter clearly, and, to his amaze ment, he found moons 
cir cling the gi ant planet. Ar is totle had said (and all sci en tists be lieved) that Earth was the
only planet in the uni verse that had a moon. Within days, Ga li leo dis cov ered four of Ju pi -
ter’s moons. These were the first discovered moons other than our own.

Ar is totle was wrong again.
Still, old be liefs do not die eas ily. In 1616 the Coun cil of Car di nals for bade Ga li leo

ever again to teach or pro mote Co per ni cus’s the o ries. Many se nior church of fi cials re fused
to look through a tele scope, claim ing it was a ma gi cian’s trick and that the moons were in
the telescope.

When Ga li leo ig nored their warn ing, he was sum moned to Rome by the Church’s
all-pow er ful In qui si tion. A gru el ing trial fol lowed. Ga li leo was con demned by the Church
and forced to pub licly re cant his views and find ings. He was placed un der house ar rest for
the rest of his life, dy ing in 1640 with out hear ing even one voice other than his own pro -
claim that his dis cov er ies were true. The Church did not re scind the con dem na tion of Ga li -
leo and his dis cov er ies un til Oc to ber 1992, 376 years after they incorrectly condemned him.

Fun Facts: Ga li leo would have been as ton ished to learn that Ju pi ter re -
sem bles a star in com po si tion. In fact, if it had been about 80 times more
mas sive, it would have been clas si fied as a star rather than a planet.

More to Ex plore
More to Ex plore
More to Ex plore
More to Ex plore
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Hu man Cir cu la tory Sys tem
Hu man Cir cu la tory Sys tem
Hu man Cir cu la tory Sys tem

Year of Dis cov ery: 1628

What Is It? The first com plete un der stand ing of how ar ter ies, veins, heart, and
lungs func tion to form a sin gle, com plete cir cu la tory sys tem.

Who Dis cov ered It? Wil liam Harvey

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

The hu man cir cu la tory sys tem rep re sents the vir tual def i ni tion of life. No sys tem is
more crit i cal to our ex is tence. Yet only 400 years ago, no one un der stood our cir cu la tory
sys tem. Many se ri ously thought that the thump ing in side the chest was the voice of the con -
science try ing to be heard. Most thought that blood was cre ated in the liver and con sumed
by the mus cles. Some still thought that ar ter ies were filled with air.

Wil liam Harvey dis cov ered the ac tual func tion of the ma jor el e ments of the cir cu la tory 
sys tem (heart, lungs, ar ter ies, and veins) and cre ated the first com plete and ac cu rate pic ture
of hu man blood cir cu la tion. Harvey was also the first to use the sci en tific method for bi o -
log i cal stud ies. Ev ery sci en tist since has fol lowed his ex am ple. Harvey’s 1628 book rep re -
sents the beginning of modern physiology.

How Was It Dis cov ered?
How Was It Dis cov ered?

Through the six teenth cen tury, doc tors re lied on the 1,500-year-old writ ings of the
Greek phy si cian Galen, who said that food was con verted into blood in the liver and was
then con sumed by the body for fuel. Most agreed that the blood that flowed through ar ter ies
had no con nec tion with the blood that flowed through veins.

Wil liam Harvey was born in 1578 in Eng land and re ceived med i cal train ing at Ox ford.
He was in vited to study at Padua Uni ver sity in It aly, the ac knowl edged med i cal cen ter of
Europe.

When Harvey re turned to Eng land in 1602, he mar ried the daugh ter of Queen Eliz a -
beth’s doc tor, was ap pointed a phy si cian in the court of King James I, and was then ap -
pointed per sonal phy si cian to King Charles I in 1618.

While serv ing the Eng lish kings, Harvey fo cused his stud ies on veins and ar ter ies. He
con ducted ex ten sive ex per i ments with an i mals and hu man corpses. Dur ing these dis sec -
tions, he dis cov ered the se ries of flap valves that ex ist through out the veins. He was not the
first to find these valves, but he was the first to note that they al ways di rected blood flow to -
ward the heart. Blood flowed in veins only from the arms, legs, and head back to the heart.
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He be gan a se ries of an i mal ex per i ments in which he tied off a sin gle ar tery or vein to
see what hap pened. Some times he clamped an ar tery and later re leased it to see where this
surge of blood would go. He did the same with veins, clamp ing a vein and then re leas ing it.
Some times he clamped both vein and ar tery and then re leased one at a time. These ex per i -
ments proved that ar ter ies and veins were con nected into a sin gle cir cu la tory sys tem and
that blood al ways flowed from arteries to veins.

Harvey turned to the heart it self and soon re al ized that the heart acted as a mus cle and
pushed blood out to lungs and out into ar ter ies. Fol low ing blood as it flowed through var i -
ous an i mals, Harvey saw that blood was not con sumed, but cir cu lated over and over again
through the sys tem, car ry ing air and nour ish ment to the body.

By 1625 Harvey had dis cov ered an al most com plete pic ture of the cir cu la tory sys tem.
He faced two prob lems. First, he could n’t fig ure out how blood got from an ar tery across to
a vein, even though his ex per i ments proved that it did. (Harvey had no mi cro scope and so
could n’t see blood ves sels as small as cap il lar ies. By 1670—three years af ter Harvey’s
death—Ital ian Marcello Malpighi had dis cov ered cap il lar ies with a mi cro scope, thus com -
plet ing Harvey’s circulatory system.)

The sec ond prob lem Harvey faced was his fear of mob re ac tions, Church con dem na -
tion when he said that the heart was just a mus cu lar pump and not the house of the soul and
con scious ness, and the press (scribes). He was afraid he’d lose his job with the king. In 1628 
Harvey found a small Ger man pub lisher to pub lish a thin (72-page) sum mary of his work
and dis cov er ies. He pub lished it in Latin (the lan guage of sci ence), hop ing no one in Eng -
land would read it.

News of Harvey’s book raced across Eu rope and made him in stantly no to ri ous. He lost 
many pa tients, who were shocked by his claims. But Harvey’s sci ence was care ful and ac -
cu rate. By 1650 Harvey’s book had be come the ac cepted text book on the cir cu la tory
system.

Fun Facts: Amer i cans do nate over 16 mil lion pints of blood each year.
That’s enough blood to fill a swim ming pool 20 feet wide, 8 feet deep,
and one-third of a mile long!

More to Ex plore
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Air Pres sure
Air Pres sure
Air Pres sure

Year of Dis cov ery: 1640

What Is It? Air (the at mo sphere) has weight and presses down on us.

Who Dis cov ered It? Evangelista Torricelli

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

It is a sim ple, seem ingly ob vi ous no tion: air has weight; the at mo sphere presses down
on us with a real force. How ever, hu mans don’t feel that weight. You aren’t aware of it be -
cause it has al ways been part of your world. The same was true for early sci en tists, who
never thought to con sider the weight of air and atmosphere.

Evangelista Torricelli’s dis cov ery be gan the se ri ous study of weather and the at mo -
sphere. It launched our un der stand ing of the at mo sphere. This dis cov ery helped lay the
foun da tion for New ton and oth ers to de velop an un der stand ing of gravity.

This same rev e la tion also led Torricelli to dis cover the con cept of a vac uum and to in -
vent the ba rom e ter—the most ba sic, fun da men tal in stru ment of weather study.

How Was It Dis cov ered?
How Was It Dis cov ered?

On a clear Oc to ber day in 1640, Ga li leo con ducted a suc tion-pump ex per i ment at a
pub lic well just off the mar ket plaza in Flor ence, It aly. The famed Ital ian sci en tist low ered a
long tube into the well’s murky wa ter. From the well, Ga li leo’s tube draped up over a
wooden cross-beam three me ters above the well’s wall, and then down to a hand-pow ered
pump held by two as sis tants: Evangelista Torricelli, the 32-year-old the son of a wealthy
mer chant and an as pir ing sci en tist, and Giovanni Baliani, another Italian physicist.

Torricelli and Baliani pumped the pump’s wooden han dle bar, slowly suck ing air out
of Ga li leo’s tube, pull ing wa ter higher into the tube. They pumped un til the tube flat tened
like a run-over drink ing straw. But no mat ter how hard they worked, wa ter would not rise
more than 9.7 me ters above the well’s wa ter level. It was the same in every test.

Ga li leo pro posed that—some how—the weight of the wa ter col umn made it col lapse
back to that height.

In 1643, Torricelli re turned to the suc tion pump mys tery. If Ga li leo was cor rect, a
heavier liq uid should reach the same crit i cal weight and col lapse at a lower height. Liq uid
mer cury weighted 13.5 times as much as wa ter. Thus, a col umn of mer cury should never
rise any higher than 1/13.5 the height of a wa ter col umn, or about 30 inches.
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Torricelli filled a six-foot glass tube with liq uid mer cury and shoved a cork into the
open end. Then he in verted the tube and sub merged the corked end in a tub of liq uid mer -
cury be fore he pulled out the stop per. As he ex pected, mer cury flowed out of the tube and
into the tub. But not all of the mer cury ran out.

Torricelli mea sured the height of the re main ing mer cury col umn—30 inches, as ex -
pected. Still, Torricelli sus pected that the mys tery’s true an swer had some thing to do with
the vac uum he had cre ated above his col umn of mercury.

The next day, with wind and a cold rain lash ing at the win dows, Torricelli re peated his
ex per i ment, plan ning to study the vac uum above the mer cury. How ever, on this day the
mer cury col umn only rose to a height of 29 inches.

Torricelli was per plexed. He had ex pected the mer cury to rise to the same height as
yes ter day. What was dif fer ent? Rain beat on the win dows as Torricelli pon dered this new
wrin kle.

What was dif fer ent was the at mo sphere, the weather. Torricelli’s mind latched onto a
rev o lu tion ary new idea. Air, it self, had weight. The real an swer to the suc tion pump mys -
tery lay not in the weight of the liq uid, nor in the vac uum above it, but in the weight of the at -
mo sphere push ing down around it.

Torricelli re al ized that the weight of the air in the at mo sphere pushed down on the mer -
cury in the tub. That pres sure forced mer cury up into the tube. The weight of the mer cury in
the tube had to be ex actly equal to the weight of the at mo sphere push ing down on the mer -
cury in the tub.

When the weight of the at mo sphere changed, it would push down ei ther a lit tle bit
more or a lit tle bit less on the mer cury in the tub and drive the col umn of mer cury in the tube
ei ther a lit tle higher or a lit tle lower. Chang ing weather must change the weight of the at mo -
sphere.

Torricelli had dis cov ered at mo spheric pres sure and a way to mea sure and study it.

Fun Facts: Home ba rom e ters rarely drop more than 0.5 inch of mer cury
as the weather changes from fair to stormy. The great est pres sure drop
ever re corded was 2.963 inches of mer cury, mea sured in side a South Da -
kota tor nado in June 2003.

More to Ex plore
More to Ex plore
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Boyle’s Law
Boyle’s Law
Boyle’s Law

Year of Dis cov ery: 1650

What Is It? The vol ume of a gas is in versely pro por tional to the force squeez -
ing it.

Who Dis cov ered It? Rob ert Boyle

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

The con cept Rob ert Boyle dis cov ered (now called Boyle’s Law) laid the foun da tion
for all quan ti ta tive study and chem i cal anal y sis of gas ses. It was the first quan ti ta tive for -
mula to de scribe the be hav ior of gas ses. Boyle’s Law is so ba sic to un der stand ing chem is try 
that it is taught to ev ery stu dent in beginning chemistry classes.

A ge nius ex per i menter, Boyle also proved that gas ses were made of at oms—just like
sol ids. But in a gas, the at oms are spread far apart and dis con nected so that they can be
squeezed tighter. Through these ex per i ments Boyle helped con vince the sci en tific world
that at oms ex isted—an is sue still de bated 2,000 years af ter their ex is tence was first pro -
posed by Democritus in 440 B.C.

How Was It Dis cov ered?
How Was It Dis cov ered?

Rob ert Boyle was the son of an earl and a mem ber of the Brit ish Sci en tific So ci ety.
Dur ing a 1662 so ci ety meet ing, Rob ert Hooke read a pa per de scrib ing a French ex per i ment
on the “spring i ness of air.” The char ac ter is tics of air were of great in ter est to sci en tists in the 
seventeenth century.

French sci en tists built a brass cyl in der fit ted tightly with a pis ton. Sev eral men pushed
down hard on the pis ton, com press ing the air trapped be low. Then they let go. The pis ton
sprang back up, but not all the way back up. No mat ter how of ten the French tried this ex -
per i ment, the pis ton never bounced all the way back up.

The French claimed this proved that air was not per fectly springy. Once com pressed, it 
stayed slightly com pressed.

Rob ert Boyle claimed that the French ex per i ment proved noth ing. Their pis ton, he
said, was too tight to bounce all the way back up. Oth ers ar gued that, if they made the pis ton
looser, air would leak around the edges and ruin the ex per i ment.

Boyle prom ised to cre ate a per fect pis ton that was nei ther too tight nor too loose. He
also claimed that his per fect pis ton would prove the French wrong.
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Two weeks later Rob ert Boyle stood be fore the so ci ety with a large glass tube that he
had shaped into a lop sided “U.” One side of the “U” rose over three feet high and was
skinny. The other side was short and fat. The short side was sealed at the top. The tall,
skinny side was open.

Boyle poured liq uid mer cury into his tube un til it cov ered the bot tom of the “U” and
rose just a lit tle in both sides. A large pocket of air was trapped above this mer cury in the
short fat side. A pis ton, Boyle ex plained, was any de vise that com pressed air. Since his used 
mer cury to com press air, there would be no fric tion to af fect the re sults—as had been true in
the French experiment.

Boyle re corded the glass pis ton’s weight and etched a line in the glass where mer cury
met the trapped air pocket. Boyle trick led liq uid mer cury down the long neck of the tall side
of his pis ton un til he had filled the neck. Mer cury now rose well over half way up the short
side. The trapped air had been squeezed to less than half of its orig i nal vol ume by the weight 
and force of mercury.

Boyle drew a sec ond line on the short cham ber to mark the new level of mer cury
in side—mark ing the com pressed vol ume of trapped air.

He then drained mer cury through a valve at the bot tom of the “U” un til the glass pis ton
and mer cury weighed ex actly the same as they had at the be gin ning. The mer cury level re -
turned to its ex act start ing line. The trapped air had sprung back ex actly to where it started.
Air was per fectly springy. The French were wrong. Boyle was right.

Rob ert Boyle con tin ued the ex per i ments with his funny glass pis ton and no ticed some -
thing quite re mark able. When he dou bled the pres sure (weight of mer cury) on a trapped
body of air, he halved its vol ume. When he tri pled the pres sure, the air’s vol ume was re -
duced to one-third. The change in vol ume of air when com pressed was al ways pro por tional
to the change in the pres sure squeez ing that air. He cre ated a sim ple math e mat i cal equa tion
to de scribe this pro por tion al ity. To day we call it “Boyle’s Law.” No other con cept has been
more use ful in un der stand ing and us ing gasses to serve the needs of humankind.

Fun Facts: Ocean og ra pher Syl via Earle set the women’s depth re cord
for solo div ing (1,000 me ters or 3,281 feet). Ac cord ing to the con cept
Boyle dis cov ered, pres sure at that depth is over 100 times what it is at the
sur face!

More to Ex plore
More to Ex plore
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The Ex is tence of Cells
The Ex is tence of Cells
THE EXISTENCE OF CELLS

Year of Dis cov ery: 1665

What Is It? The cell is the ba sic build ing block of all liv ing or gan isms.

Who Dis cov ered It? Rob ert Hooke

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

The cell is the ba sic unit of anat omy. Count less mil lions of cells build liv ing plants and 
an i mals. The func tions of a body can be stud ied by study ing in di vid ual cells. Just as the dis -
cov ery of the mol e cule and atom al lowed sci en tists to better un der stand chem i cal sub -
stances, Hooke’s dis cov ery of the cell has al lowed bi ol o gists to better understand living
organisms.

Hooke’s work with a mi cro scope opened the pub lic’s eyes to the mi cro scopic world
just as Ga li leo’s work with the tele scope opened their eyes to a vast and won drous uni verse.
Hooke’s work and dis cov er ies mark the mo ment when mi cros copy came of age as a sci en -
tific discipline.

How Was It Dis cov ered?
How Was It Dis cov ered?

Rob ert Hooke was a most in ter est ing fel low. Weak and sickly as a child, Hooke’s par -
ents never both ered to ed u cate him be cause they didn’t think he would sur vive. When
Hooke was still alive at age 11, his fa ther be gan a half hearted, homeschool ed u ca tion. When 
Hooke was 12, he watched a por trait painter at work and de cided, “I can do that.” Some ini -
tial sketches showed that he was good at it.

The next year Hooke’s fa ther died, leav ing Hooke a pal try in her i tance of only £100.
Hooke de cided to use the money to ap pren tice him self to a painter, but quickly learned that
the paint fumes gave him ter ri ble headaches.

He used his money in stead to en ter West min ster school. On one of his first days there,
Hooke lis tened to a man play the school or gan and thought, “I can do that.” Hooke soon
proved that he was good at it and learned both to play and to serve as a choir mas ter.

Un for tu nately, the new Eng lish pu ri tan i cal gov ern ment banned such fri vol ity as
church choirs and mu sic. Hook’s money had been wasted. Not know ing what else to do,
Hooke hired him self out as a ser vant to rich sci ence stu dents at nearby Ox ford Uni ver sity.
Hooke was fas ci nated with sci ence and again thought, “I can do that.” As it turns out, he
was ex cep tion ally good at it. His ser vi tude at Ox ford (mostly to Rob ert Boyle) was the start
of one of the most pro duc tive sci ence ca reers in Eng lish his tory. Hooke soon de vel oped an
ex cel lent rep u ta tion as a builder and as an experimenter.
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Mi cro scopes were in vented in the late 1590s. By 1660 only a few had been built that
were able to mag nify ob jects 100 times nor mal size. As mi cro scopes be came more pow er -
ful, they main tained fo cus on only a tiny sliver of space and were in creas ingly more dif fi cult 
to fo cus and to use.

Hooke was hired onto the staff of the Royal So ci ety (an early Eng lish sci en tific or ga ni -
za tion) in 1660 and soon be gan a long se ries of mi cro scopic stud ies. By 1662 he had helped
de sign a 300-power mi cro scope, which he used to ex am ine the mi cro scopic struc ture of
com mon ob jects. Us ing this mi cro scope and his ar tis tic tal ent, Hooke cre ated the first de -
tailed stud ies of the mi cro scopic world, ren der ing with life like ac cu racy the con tours of a
fly’s com pound eyes, the struc ture of a feather, and a but ter fly’s wing. He also drew and
identified a series of microscopic bugs.

In 1664 Hooke turned his mi cro scope onto a thin sheet of dried cork and found it to be
com posed of a tightly packed pat tern of tiny rect an gu lar holes. Ac tu ally, cork has large,
open cells. That’s why Hooke was able to see them at all. The cells of other plants and an i -
mal tis sue he stud ied were all too small to be seen through his mi cro scopes.

Hooke called these holes cells (the Latin word for small cham bers that stand in a
row—as in prison cells). These cells were empty be cause the cork was dead. Hooke cor -
rectly sus pected that, while liv ing, these had been filled with fluid.

The name “cell” stuck. More im por tant, the con cept gal va nized bi ol o gists. The liv ing
world was con structed of count less tiny cells stacked to gether like bricks in a wall. The en -
tire field of bi ol ogy shifted to ward a study of cell struc ture and cell function.

Fun Facts: Cell bi ol ogy is the only sci ence in which mul ti pli ca tion
means the same thing as di vi sion.

More to Ex plore
More to Ex plore
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Uni ver sal Grav i ta tion
Uni ver sal Grav i ta tion
UNIVERSAL GRAVITATION

Year of Dis cov ery: 1666

What Is It? Grav ity is the at trac tive force ex erted by all ob jects on all other
ob jects.

Who Dis cov ered It? Isaac New ton

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

By the early sev en teenth cen tury, many forces had been iden ti fied: fric tion, grav ity, air 
re sis tance, elec tri cal, forces peo ple ex erted, etc. New ton’s math e mat i cal con cept of grav ity
was the first step in join ing these seem ingly dif fer ent forces into a sin gle, uni fied con cept.
An ap ple fell; peo ple had weight; the moon or bited Earth—all for the same rea son. New -
ton’s law of grav ity was a giant, simplifying concept.

New ton’s con cept of, and equa tions for, grav ity stand as one of the most used con cepts 
in all sci ence. Most of our phys ics has been built upon New ton’s con cept of uni ver sal grav i -
ta tion and his idea that grav ity is a fun da men tal prop erty of all matter.

How Was It Dis cov ered?
How Was It Dis cov ered?

In 1666, Isaac New ton was a 23-year-old ju nior fel low at Trin ity Col lege in Cam -
bridge. With his fair com plex ion and long blond hair, many thought he still looked more
like a boy. His small, thin stat ure and shy, so ber ways re in forced that im pres sion. His in -
tense eyes and seem ingly per ma nent scowl pushed people away.

In Lon don, the bu bonic plague rav aged a ter ri fied pop u la tion. Uni ver si ties were
closed, and ea ger ac a dem ics like Isaac New ton had to bide their time in safe coun try es tates
wait ing for the plague to loosen its death grip on the city. It was a frightening time.

In his iso la tion, New ton was ob sessed with a ques tion: What held the moon cir cling
the earth, and what held the earth in a cap tive or bit around the sun? Why didn’t the moon
fall down to the earth? Why didn’t the earth fall down to the sun?

In later years New ton swore that this story ac tu ally hap pened. As he sat in the or chard
at his sis ter’s es tate, he heard the fa mil iar soft “thunk” of an ap ple fall ing to the grass-car -
peted ground, and turned in time to see a sec ond ap ple fall from an over hang ing branch and
bounce once be fore set tling gently into the spring grass. It was cer tainly not the first ap ple
Isaac New ton had ever seen fall to the ground, nor was there any thing at all un usual about
its short fall. How ever, while it of fered no an swers to the per plexed young sci en tist, the fall -
ing ap ple did pres ent Isaac with an im por tant new ques tion, “The ap ple falls to Earth while
the moon does not. What’s the dif fer ence between the apple and the moon?”
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Next morn ing, un der a clear ing sky, New ton saw his young nephew play ing with a
ball. The ball was tied to a string the boy held tight in his fist. He swung the ball, slowly at
first, and then faster and faster un til it stretched straight out.

With a start New ton re al ized that the ball was ex actly like the moon. Two forces acted
on the ball—its mo tion (driv ing it out ward) and the pull of a string (hold ing it in). Two
forces acted on the moon. Its mo tion and the pull of grav ity—the same pull (force) that
made the ap ple fall.

For the first time, New ton con sid ered the pos si bil ity that grav ity was a uni ver sal at -
trac tive force in stead of a force that ap plied only to plan ets and stars. His deep be lief in al -
chemy and its con cept of the at trac tion of mat ter led him to pos tu late that grav i ta tional
at trac tion force did not just ap ply to heav enly ob jects, but to all ob jects with any mass.
Grav ity pulled ap ples to earth, made rain fall, and held plan ets in their orbits around the sun.

New ton’s dis cov ery of the con cept of uni ver sal grav i ta tion was a ma jor blow to the
prev a lent be lief that the laws of na ture on Earth were dif fer ent from those that ruled the
heav ens. New ton showed that the ma chin ery that ruled the uni verse and nature is simple.

New ton de vel oped uni ver sal grav i ta tion as a prop erty of all mat ter, not just of plan ets
and stars. Uni ver sal grav i ta tion and its math e mat i cal ex pres sion lie at the foun da tion of all
mod ern phys ics as one of the most im por tant principles in all science.

Fun Facts: The Flower of Kent is a large green va ri ety of ap ple. Ac cord -
ing to the story, this is the ap ple Isaac New ton saw fall ing to ground from
its tree, in spir ing his dis cov ery of uni ver sal grav i ta tion.

More to Ex plore
More to Ex plore
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Fos sils
Fos sils
FOSSILS

Year of Dis cov ery: 1669

What Is It? Fos sils are the re mains of past liv ing or gan isms.

Who Dis cov ered It? Nich o las Steno

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

The only way we can learn about the an cient past is to ex am ine fos sil re mains of now
ex tinct plants and an i mals and try to re-cre ate that long-gone life and en vi ron ment. Sci en -
tists can only do this if they cor rectly in ter pret the fos sil re mains that are dug from an cient
rock layers.

That pro cess be gan with Nich o las Steno. He pro vided the first true def i ni tion of the
word “fos sil” and the first un der stand ing of the or i gin and na ture of fos sils. Steno’s work
rep re sents the be gin ning of our mod ern pro cess of dat ing and study ing fos sils and the de vel -
op ment of modern geology.

How Was It Dis cov ered?
How Was It Dis cov ered?

For 2,000 years, any thing dug from the earth was called a fos sil. By the mid dle ages,
fos sil had come to be used for only those things made of stone that were dug from the earth
and that looked re mark ably like liv ing crea tures. Many thought these fos sils were God’s
prac tice at tempts to cre ate liv ing things. Some claimed they were the Devil’s at tempts to
im i tate God. Some be lieved they were the re mains of drowned an i mals from Noah’s flood.
No one thought them to be of scientific value.

Nich o las Steno was born Niels Stensen in 1638 in Co pen ha gen, Den mark. He changed 
his name to its Latinized form in 1660 when he moved first to Paris and then to It aly to study 
med i cine. Steno was a stu dent of Ga li leo’s ex per i men tal and math e mat i cal ap proach to sci -
ence and fo cused his stud ies on hu man mus cu lar sys tems and on us ing math and ge om e try
to show how mus cles con tracted and moved bones and the skel e ton. Steno gained con sid er -
able fame in Italy for these anatomical studies.

In Oc to ber 1666, two fish er men caught what was de scribed as “a huge shark” near the
town of Livorno, It aly. Be cause of its enor mous size, Duke Ferdinand or dered that its head
to be sent to Steno for study. Steno du ti fully dis sected the head, fo cus ing on the mus cu la ture 
of the shark’s deadly jaw.
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How ever, when he ex am ined the shark’s teeth un der a mi cro scope, Steno was struck
by their re sem blance to cer tain stone fos sils called glossopetrae, or “tongue stones,” that
were found in rock lay ers through out the coastal hills. Glossopetrae had been found and
known since the early Ro man Em pire. The famed Ro man au thor Pliny the El der thought
they were part of the moon that fell from the sky. As Steno com pared his mon strous shark
teeth with glossopetrae sam ples, he sus pected that glossopetrae not only re sem bled sharks’
teeth, they were sharks’ teeth.

Ital ian sci en tists scoffed that glossopetrae could n’t be from a sea crea ture be cause they 
were of ten found miles from the sea. Steno ar gued that they must have been de pos ited in
shal low wa ter or mud when the an cient shark died and that these ar eas had some how been
lifted up to be come dry land. Oth ers coun tered that glossopetrae could n’t be teeth since
sharks’ teeth were not made of stone.

Steno ex panded his study to in clude fos sils that re sem bled bones and bone frag ments.
When he viewed these un der the mi cro scope he was con vinced that they, too, had orig i nally 
been bones, not stones. Af ter months of study, Steno used the then new “cor pus cu lar the ory
of mat ter” (a fore run ner of atomic the ory) to ar gue that time and chem i cal ac tion could al ter
the com po si tion of teeth and bones into stone.

Steno pub lished his dis cov ery and sup port ing ev i dence in 1669. In ad di tion to prov ing
that fos sils were re ally the an cient bones of liv ing crea tures, Steno in ves ti gated how these
bones came to lie in the mid dle of rock lay ers. Through this work he dis cov ered the pro cess
of sed i men ta tion and of cre at ing sed i men tary rock lay ers. For this dis cov ery Steno is also
cred ited with founding modern geology.

At the height of his sci en tific ca reer, Steno was or dained a Cath o lic priest and com -
pletely aban doned sci ence be cause he said that sci ence was in com pat i ble with the teach ings 
of the Church. Luck ily, his dis cov er ies re mained to ad vance and benefit science.

Fun Facts: When we think of fos sils, we think of gi ant di no saurs. But,
the world’s larg est ro dent fos sil re mains were dis cov ered in north ern
South Amer ica in 2003. The fos sil re mains of this gi ant ro dent weighed
1,500 pounds (700 ki lo grams) and dated back some eight mil lion years.

More to Ex plore
More to Ex plore
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Dis tance to the Sun
Dis tance to the Sun
DISTANCE TO THE SUN

Year of Dis cov ery: 1672

What Is It? The first ac cu rate cal cu la tion of the dis tance from the earth to the
sun, of the size of the so lar sys tem, and even of the size of the uni verse.

Who Dis cov ered It? Giovanni Cassini

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Our un der stand ing of the uni verse de pends on two foun da tions—our abil ity to mea -
sure the dis tances to far away stars, and our abil ity to mea sure the chem i cal com po si tion of
stars. The dis cov ery that al lowed sci en tists to de ter mine the com po si tion of stars is de -
scribed in the 1859 en try on spec tro graphs. The dis tance to the sun has al ways been re -
garded as the most im por tant and fun da men tal of all ga lac tic mea sure ments. Cassini’s 1672
mea sure ment, how ever, was the first to accurately estimate that distance.

Cassini’s dis cov ery also pro vided the first shock ing hint of the truly im mense size of
the uni verse and of how small and in sig nif i cant Earth is. Be fore Cassini, most sci en tists be -
lieved that stars were only a few mil lion miles away. Af ter Cassini, sci en tists re al ized that
even the clos est stars were bil lions (if not tril lions) of miles away!

How Was It Dis cov ered?
How Was It Dis cov ered?

Born in 1625, Giovanni Cassini was raised and ed u cated in It aly. As a young man he
was fas ci nated by as trol ogy, not as tron omy, and gained wide spread fame for his as tro log i -
cal knowl edge. Hun dreds sought his as tro log i cal ad vice even though he wrote pa pers in
which he proved that there was no truth to as tro log i cal predictions.

In 1668, af ter con duct ing a se ries of as tro nom i cal stud ies in It aly that were widely
praised, Cassini was of fered a po si tion as the di rec tor of the Paris Ob ser va tory. He soon de -
cided to be come a French cit i zen and changed his name to Jean Dominique Cassini.

With an im proved, high-pow ered tele scope that he care fully shipped from It aly,
Cassini con tin ued a string of as tro nom i cal dis cov er ies that made him one of the world’s
most fa mous sci en tists. These dis cov er ies in cluded the ro ta tional pe ri ods of Mars and Sat -
urn, and the ma jor gaps in the rings of Sat urn—still called the Cassini gaps.

Cassini was also the first to sus pect that light trav eled at a fi nite speed. Cassini re fused
to pub lish his ev i dence, and later even spent many years try ing to dis prove his own the ory.
He was a deeply re li gious man and be lieved that light was of God. Light there fore had to be
per fect and in fi nite, and not lim ited by a fi nite speed of travel. Still, all of his as tro nom i cal
work sup ported his dis cov ery that light trav eled at a fixed and finite speed.
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Be cause of his deep faith in the Cath o lic Church, Cassini also be lieved in an
Earth-cen tered uni verse. By 1672, how ever, he had be come at least par tially con vinced by
the early writ ing of Kep ler and by Co per ni cus’s care ful ar gu ments to con sider the pos si bil -
ity that the sun lay at the center.

This no tion made Cassini de cide to try to cal cu late the dis tance from the earth to the
sun. How ever, it was dif fi cult and dan ger ous to make di rect mea sure ments of the sun (one
could go blind). Luck ily, Kep ler’s equa tions al lowed Cassini to cal cu late the dis tance from
the earth to the sun if he could mea sure the dis tance from the earth to any planet.

Mars was close to Earth and well-known to Cassini. So he de cided to use his im proved
tele scopes to mea sure the dis tance to Mars. Of course he could n’t ac tu ally mea sure that dis -
tance. But if he mea sured the an gle to a spot on Mars at the same time from two dif fer ent
points on Earth, then he could use these an gles and the ge om e try of tri an gles to cal cu late the 
distance to Mars.

To make the cal cu la tion work, he would need to make that base line dis tance be tween
his two points on Earth both large and pre cisely known. He sent French as tron o mer Jean
Richer to Cay enne in French Gui ana off the north cost of South Amer ica. Cassini stayed in
Paris.

On the same Au gust night in 1672, at ex actly the same mo ment, both men mea sured
the an gle to Mars and placed it ex actly against the back ground of dis tant stars. When Richer 
re turned to Paris with his read ings, Cassini was able to cal cu late the dis tance to Mars. He
then used Kep ler’s equa tions to dis cover that the dis tance to the sun had to be 87 mil lion
miles (149.6 mil lion km). Mod ern sci ence has found that Cassini’s cal cu la tion was only 7
per cent off the true dis tance (just over 93 million miles).

Cassini went on to cal cu late the dis tances to other plan ets and found that Sat urn lay a
stag ger ing 1,600,000,000 (1.6 bil lion) miles away! Cassini’s dis cov er ies of dis tance meant
that the uni verse was mil lions of times big ger than any one had dreamed.

Fun Facts: The sun’s di am e ter is 1.4 mil lion km (875,000 miles). It is
ap prox i mately 109 times wider than the earth.

More to Ex plore
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Bac te ria
Bac te ria
BACTERIA

Year of Dis cov ery: 1680

What Is It? Mi cro scopic or gan isms ex ist that can not be seen by the hu man
eye.

Who Dis cov ered It? Anton van Leeuwenhoek

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Just as Ga li leo used his tele scope to open the hu man ho ri zon to the plan ets and stars of
space, so van Leeuwenhoek used his mi cro scope to open hu man aware ness to the mi cro -
scopic world that was in vis i bly small and that no one had even dreamed ex isted. He dis cov -
ered pro to zoa, bac te ria, blood cells, sperm, and cap il lar ies. His work founded the sci ence of
mi cro bi ol ogy and opened tis sue stud ies and plant stud ies to the mi cro scopic world. He
com pleted hu man un der stand ing of the circulatory system.

How Was It Dis cov ered?
How Was It Dis cov ered?

Anton van Leeuwenhoek was born in 1632 in Delft, Hol land. With no ad vanced
school ing, he was ap pren ticed as a cloth mer chant and as sumed that buy ing and sell ing
cloth would be his career.

But van Leeuwenhoek was cu ri ous about the world and in ter ested in math e mat ics.
Com pletely self-taught, he learned enough math to moon light as a sur veyor and read what
he could about the nat u ral world around him. He never learned any lan guage other than
Dutch, so he was never able to read any of the sci en tific pa pers and re search (all writ ten in
Latin or French).

Mi cro scopes ex isted in Hol land by 1620. Chris tian Huygens and Rob ert Hooke were
the first two sci en tists to make sci en tific use of mi cro scopes. Both de signed and built
two-lens mi cro scopes (two ground glass lenses in side a thin metal barrel).

In 1657 van Leeuwenhoek looked through his first mi cro scope and was fas ci nated. He
tried a two-lens mi cro scope, but was dis ap pointed by its dis tor tion and low res o lu tion.
When he built his first mi cro scope, he used a highly curved sin gle lens to gain greater
magnification.

By 1673 van Leeuwenhoek had built a 270-power mi cro scope that was able to see ob -
jects only one-one-mil lionth of a me ter in length. Van Leeuwenhoek re mained very se cre -
tive about his work and never al lowed oth ers to see his mi cro scopes or setup.
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Van Leeuwenhoek started his mi cro scopic stud ies with ob jects he could mount on the
point of a pin—a bee’s mouth parts, fleas, hu man hairs, etc. He de scribed and drew what he
saw in pre cise de tail. By 1674 he had de vel oped the abil ity to fo cus on a flat dish and turned
his at ten tion to liq uids—wa ter drops, blood cells, etc.

Those 1674 stud ies were where he made his great dis cov ery. He dis cov ered a host of
mi cro scopic pro to zoa (bac te ria) in ev ery wa ter drop. He had dis cov ered mi cro scopic life,
in vis i ble to the human eye.

Van Leeuwenhoek ex panded his search for these unseeably small crea tures and found
them ev ery where: on hu man eye lashes, on fleas, in dust, and on skin. He drew and de -
scribed these tiny crea tures with ex cel lent, pre cise drawings.

Each draw ing of ten took days to com plete. As an am a teur, Van Leeuwenhoek had to
work at his sci ence in the eve nings and early morn ing hours when not at work. Em bar rassed 
by his lack of lan guage skills and by his poor spell ing (even in Dutch), van Leeuwenhoek
felt hes i tant to pub lish any ar ti cles about his won drous findings.

Be gin ning in 1676, he agreed to send let ters and draw ings to the Royal So ci ety of Lon -
don. They had them trans lated into Eng lish. That ex ten sive col lec tion of let ters (writ ten and
col lected over many de cades) formed the first and best map of the mi cro scopic world. What
van Leeuwenhoek ob served shat tered many sci en tific be liefs of the day and put him
de cades—if not cen tu ries—ahead of other re search ers.

He was the first to claim that bac te ria cause in fec tion and dis ease. (No one else be -
lieved it un til Pas teur proved it in 1856.) Van Leeuwenhoek saw that vin e gar killed bac te ria
and said that it would clean wounds. Again, it was two cen tu ries be fore his be lief be came
stan dard med i cal practice.

It was also 200 years be fore any one built a better mi cro scope. But with his mar vel ous
mi cro scope, van Leeuwenhoek dis cov ered the crit i cally im por tant mi cro scopic world.

Fun Facts: In 1999 sci en tists dis cov ered the larg est bac te rium ever. The
or gan ism can grow to as large as .75 mm across—about the size of the
pe riod at the end of this sen tence. The new found bac te rium is 100 times
larger than the pre vi ous re cord holder. For com par i son, if the newly dis -
cov ered bac te rium was the size of a blue whale, the av er age bac te rium
would be the size of a new born mouse.

More to Ex plore
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Laws of Mo tion
Laws of Mo tion
LAWS OF MOTION

Year of Dis cov ery: 1687

What Is It? The fun da men tal re la tion ships of mat ter, force, and mo tion upon
which are built all phys i cal sci ence and en gi neer ing.

Who Dis cov ered It? Isaac New ton

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

New ton’s three laws of mo tion form the very the foun da tion of phys ics and en gi neer -
ing. They are the un der ly ing the o rems that our phys i cal sci ences are built upon, just as Eu -
clid’s ba sic the o rems form the foun da tion of our mod ern ge om e try. For the cre ation of these 
laws, com bined with his dis cov ery of grav ity and his cre ation of cal cu lus, New ton is con -
sid ered the pre em i nent sci en tific intellect of the last millennium.

How Was It Dis cov ered?
How Was It Dis cov ered?

Ever since Johannes Kep ler’s 1609 dis cov ery that plan ets travel in el lip ti cal (not cir cu -
lar) or bits around the sun, sci en tists had been fran ti cally try ing to math e mat i cally ex plain
these or bits. Rob ert Hooke and John Halley both tried. But nei ther could make the
mathematics work.

Born in 1642 in Lincolnshire, Eng land, 60 miles from Cam bridge, Isaac New ton was a
dif fi cult child. His fa ther died three months be fore Isaac’s birth. Isaac never liked his step-
fa ther and was left to be raised by his grand par ents. But New ton felt no af fec tion to ward
anyone—not his mother, not his grand par ents, nor even his half-brother and sis ter. He of ten
threat ened to hit them and to burn down the house. He was a dis ci pline prob lem in school.

Only one man, Wil liam Ayscough, rec og nized Isaac’s bril liance and po ten tial and ar -
ranged for New ton to study at Trin ity Col lege (part of Cam bridge Uni ver sity). Be ing poor
and un able to pay the large tu i tion, New ton worked as a ser vant to other stu dents to pay for
room and board. New ton was al ways sol i tary and se cre tive. Oth ers said he was surly and
argumentative.

In 1665 Cam bridge closed when the plague struck Lon don. New ton re tired to his sis -
ter’s coun try es tate. There he felt frus trated by the iso la tion and by a lack of math e mat i cal
tools to de scribe the chang ing forces and mo tions he wanted to un der stand. He was de ter -
mined to mas ter the forces that made things move (or not move).

New ton stud ied writ ings by Ga li leo and Ar is totle as well as the more re cent works by
Kep ler and Halley. He gath ered the scat tered and of ten con tra dic tory ob ser va tions and the -
o ries de vel oped since the time of the early Greeks. He stud ied and re fined them, search ing
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for com mon truths and for er rors. New ton was amaz ingly good at sift ing through this moun -
tain of ideas for the few that held truth.

New ton was not much of an ex per i menter. He thought about prob lems, con duct ing
mind ex per i ments as did Ein stein. New ton thought about things in tently for a long time un -
til he formed the an swers he needed. In his own words, he “kept the sub ject con stantly be -
fore him and waited un til the first dawnings opened lit tle by lit tle into full light.”

Solv ing the mys tery of the forces that cre ate mo tion quickly be came an ob ses sion with
New ton. He fo cused his at ten tion on Ga li leo’s laws of fall ing bod ies and on Kep ler’s laws
about the mo tion of plan ets. He of ten went with out sleep or food, to the edge of phys i cal
breakdown.

New ton de vel oped his three laws of mo tion in early 1666. They were the es sen tial
build ing blocks for his cre ation of cal cu lus and his dis cov ery of grav ity. How ever, New ton
did not pub lish these laws un til Halley coaxed him to write Principia 20 years later.

In 1684 Jean Picard pro duced the first ac cu rate fig ures for the size and mass of Earth.
This fi nally gave New ton the num bers he needed to prove that his laws of mo tion com bined
with his equa tion for grav ity cor rectly pre dicted the ac tual or bits of the plan ets. Even af ter
com plet ing this math e mat i cal proof, New ton only pub lished Principia in 1687 be cause
Halley begged and ca joled him to—mostly be cause Rob ert Hooke claimed (falsely) to have
de vel oped uni ver sal laws of mo tion him self. Principia be came one of the most re vered and
most used pub li ca tions in the history of science.

Fun Facts: For ev ery mo tion, there is a force. Gary Hardwick of
Carlsbad, Cal i for nia, cre ated enough force to set a skate board speed re -
cord (stand ing po si tion) of 100.66 km/h (62.55 mph) at Foun tain Hills,
Ar i zona, on Sep tem ber 26, 1998.

More to Ex plore
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Or der in Na ture
Or der in Na ture
ORDER IN NATURE

Year of Dis cov ery: 1735

What Is It? All liv ing plants and an i mals can be grouped and or ga nized into a
sim ple hi er ar chy.

Who Dis cov ered It? Carl Linnaeus

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Un til the eigh teenth cen tury, na ture was viewed as a wild pro fu sion of life. Carl Linnaeus
dis cov ered or der and or ga ni za tion in that seem ing ran dom ness. His sys tem for nam ing, group -
ing, and con cep tu ally or ga niz ing plants and an i mals pro vided in sights into bot any, bi ol ogy,
eco sys tems, and bi o log i cal struc ture that sci en tists still rely on al most 300 years later.

For his dis cov ery, Carl Linnaeus is called the fa ther of mod ern tax on omy. (“Tax on omy” is 
Greek for “nam ing in or der.”) The proof of his in flu ence over, and im por tance to, mod ern sci -
ence can be seen in two ways. First, all of sci ence still uses his sys tem and still uses Latin names
for ex ist ing and new spe cies as Linnaeus did—the last ves tige of that an cient lan guage once the
uni ver sal lan guage of sci ence. Ev ery newly dis cov ered spe cies is im me di ately clas si fied and
named ac cord ing to Linnaeus’s sys tem. Sec ond, ev ery bi ol o gist has used Linnaeus’s sys tem to
or ga nize, un der stand, iden tify, and re fer to ev ery plant and an i mal spe cies.

Linnaeus was the first to iden tify hu mans as homo sa pi ens and place hu mans in the
greater flow of life as part of the pri mate or der. His clas si fi ca tion sys tem was the or i gin of
the con cept of a “tree of life” since ev ery liv ing thing be longed to a spe cies, ge nus, fam ily,
class, or der, and phyla and to the plant or an i mal king dom—anal o gous to the twigs,
branches, and trunk of a tree.

How Was It Dis cov ered?
How Was It Dis cov ered?

Carl Linnaeus hated dis or der. He claimed he could never un der stand any thing that was 
not sys tem at i cally or dered. Born in Swe den in 1707, he was sup posed to be come a priest
like his fa ther. But Carl showed lit tle ap ti tude for, and no in ter est in, the priest hood and was
fi nally al lowed to switch to medicine.

He en tered the Uni ver sity of Lund’s School of Med i cine in 1727 but spent more time
in the uni ver sity’s small bo tan i cal gar den than in class. Linnaeus had been fas ci nated by
plants and flow ers since he was a small child. In 1728 Linnaeus trans ferred to the Uni ver sity 
of Uppsala (partly be cause they had big ger bo tan i cal gar dens). There he read a pa per by
French bot a nist Sebastian Vaillant that claimed (it was con sid ered shock ingly rev o lu tion -
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ary at the time) that plants re pro duced sex u ally and had male and fe male parts that cor re -
sponded to the sexual organs of animals.

The idea ap pealed to Linnaeus. As an ob ses sive cat a loger, he had al ways de tested the
no tion that each of the thou sands of plants he saw in bo tan i cal gar dens were in di vid ual and
sep a rate spe cies. Linnaeus be gan to won der if he could use the dif fer ences in plants’ re pro -
duc tive parts as a means of clas si fy ing and or der ing the vast ar ray and pro fu sion of plants.
His dream of bring ing or der to the chaos of nature was born.

Glib, cor dial, and with a nat u ral tal ent for in gra ti at ing him self with rich and pow er ful sup -
port ers, Linnaeus was able to ar range fi nan cial sup port for a se ries of ex pe di tions across dif fer ent
ar eas of Swe den to study and cat a log plant spe cies. He spent months tramp ing across the coun try -
side list ing, de scrib ing, and study ing ev ery plant he found. His ex pe di tions were al ways the pic -
ture of per fect or der. He started each day’s hike pre cisely at 7:00 in the morn ing. Linnaeus stopped 
for a meal break at 2:00 P.M. He paused for a rest and lec ture break at 4:00 P.M.

Dur ing these ex pe di tions, Linnaeus fo cused his stud ies on the re pro duc tive sys tems of
each plant he found. Soon he dis cov ered com mon char ac ter is tics of male and fe male plant
parts in many spe cies that he could group into a sin gle cat e gory. He lumped these cat e go ries 
to gether into larger groups that were, again, com bined with other groups into yet larger
clas si fi ca tions. He found that plants fit neatly into groups based on a few key traits and that
or der did exist in the natural world.

By 1735 he had de scribed more than 4,000 spe cies of plants and pub lished his clas si fi -
ca tion sys tem in a book, Systema Naturae. This sys tem de scribed the eight lev els Linnaeus
fi nally built into his sys tem: spe cies, ge nus, fam ily, or der, Class, Subphylum, Phy lum, and
King dom. This sys tem—based solely on the sex ual el e ments of plants and (later) an i mals— 
was con tro ver sial with the pub lic. But bot a nists found it easy to use and appealing.

Linnaeus’s sys tem spread quickly across Eu rope and was of ten drawn as a tree, with
gi ant branches be ing classes, down to the ti ni est twigs of spe cies. From these draw ings
came the con cept of a “Tree of Life.”

Linnaeus spent the next 30 years tour ing Eu rope add ing new plants to his sys tem. In
1740 he added an i mal spe cies into his sys tem. By 1758 he had de scribed and clas si fied
4,400 an i mal spe cies and more than 7,700 plant species.

In 1758, with the tenth edi tion of his book, he in tro duced the bi no mial (two-name) sys -
tem of nam ing each plant and an i mal by spe cies and ge nus. With that ad di tion, Linnaeus’s
sys tem was com plete. He had dis cov ered both that or der ex isted in the nat u ral world and a
sys tem for de scrib ing that or der—a sys tem still very much alive and in use today.

Fun Facts: The world’s most mas sive liv ing tree is Gen eral Sherman,
the gi ant se quoia (Se quoia den dron giganteum) grow ing in the Se quoia
Na tional Park in Cal i for nia. It stands 83.82m (274.9 ft.) tall and has a di -
am e ter of 11.1 m (36 ft., 5 in.). This one tree is es ti mated to con tain
enough wood to make five bil lion matches—one for al most ev ery per son
on Earth.
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Gal ax ies
Gal ax ies
GALAXIES

Year of Dis cov ery: 1750

What Is It? Our sun is not the cen ter of the uni verse but is rather part of a gi ant, 
disc-shaped clus ter of stars that floats through space.

Who Dis cov ered It? Thomas Wright and Wil liam Herschel

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

The dis cov ery that stars are clumped into gal ax ies rep re sents the first ad vance in ef -
forts to de scribe the ac tual shape of the uni verse and the dis tri bu tion of stars in it. Wright’s
the ory of gal ax ies was the first as tro nom i cal work to place our sun not in the cen ter of the
uni verse, but in a tightly packed clus ter of stars that Wright called a gal axy. This dis cov ery
led sci ence a gi ant step for ward in its ef forts to un der stand the vast uni verse of which our
sun and Earth rep re sent only tiny and very or di nary specks. Twenty-five years later,
Herschel con ducted care ful ob ser va tional studies that proved Wright was right.

How Was It Dis cov ered?
How Was It Dis cov ered?

For thou sands of years sci en tist be lieved that the uni verse con sisted of a vast spher i cal
shell of stars, with Earth at its cen ter. Noth ing ex isted in the im mense void be tween Earth
and that shell of stars ex cept the few plan ets and the sun.

By the mid-1600s, most sci en tists ac knowl edged that the sun, not the earth, sat at the
cen ter of the spher i cal uni verse. Some prom i nent sci en tists (Chris tian Huygens, for ex am -
ple) be lieved that stars were re ally holes in the black sphere of space where light from a lu -
mi nous re gion of per pet ual day be yond shined through.

Two men’s dis cov er ies com bined to es tab lish the ex is tence of dense clus ters of stars
called gal ax ies. Born in 1711, Eng lish man Thomas Wright taught math e mat ics and nav i ga -
tion but was a pas sion ate am a teur as tron o mer. As had many as tron o mers be fore him,
Wright ob served that the stars were not evenly spread across the sky. A seem ing cloud of
faint stars was densely packed along the band called the Milky Way.

This both ered Wright. He be lieved that God had cre ated a uni verse of per fect or der.
That should mean that stars were neatly and evenly—per fectly—spaced across the heav ens. 
Wright could not ac cept that the heav ens were not per fect and so be gan to play with
schemes for the place ment of stars to make them re ally be uni form in their place ment even
though they ap peared not to be.
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Wright con sid ered that the stars might be spread along the sur faces of a field of gi ant
bub bles. If we were packed along one of those rings of stars, look ing along the ring would
cause us to see more stars than if we looked straight out from it. He then con sid ered the rings 
of Sat urn and pro posed that the stars might be packed into wide rings or a thin disk. If we
were in that disc, it would ac count for the un even dis tri bu tion of stars we saw—even if the
stars were re ally evenly spaced across that disk.

In 1750 Wright pub lished a book, An Orig i nal The ory on New Hy poth e sis of the Uni -
verse, in which he pro posed this the ory. He was the first to use the word gal axy to de scribe a
gi ant clus ter of stars. Five years later, famed as tron o mer and math e ma ti cian Im man uel Kant 
pro posed a sim i lar ar range ment of the stars into a giant disk-shaped cluster.

Eng lish as tron o mer Wil liam Hershel (born in 1738) read with in ter est Wright’s theory. 
In 1785 Herschel de cided to use sta tis ti cal meth ods to count the stars. He surely couldn’t count
them all. So he ran domly picked 683 small re gions of the sky and set about count ing the
stars in each re gion us ing a 48-inch tele scope—con sid ered a gi ant scope at the time.
Herschel quickly re al ized that the num ber of stars per unit area of sky rose steadily as he ap -
proached the Milky Way and spiked in re gions in the Milky Way. (The num ber of stars per
unit area of sky reached a min i mum in di rec tions at right an gles to the Milky Way.)

This made Herschel think of Wright’s and Kant’s the o ries. Hershel con cluded that his
count ing re sults could only be ex plained if most of the stars were com pacted into a
lens-shaped mass and that the sun was bur ied in this lens. Herschel was the first to add sta -
tis ti cal mea sure ment to Wright’s dis cov ery of the ex is tence and shape of galaxies.

Fun Facts: The cen tral gal axy of the Abell 2029 gal axy clus ter, 1,070
mil lion light years dis tant in Virgo, has a di am e ter of 5,600,000 light
years, 80 times the di am e ter of our own Milky Way gal axy.
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The Na ture of Elec tric ity
The Na ture of Elec tric ity
THE NA TURE OF ELEC TRIC ITY

Year of Dis cov ery: 1752

What Is It? All forms of elec tric ity are the same.

Who Dis cov ered It? Benjamin Frank lin

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Elec tric ity is one of our great est en ergy re sources and one of the few nat u ral en ergy
sources. Frank lin’s elec tric ity ex per i ments were the first sci en tific ven tures into the na ture
and use of elec tric ity and un cov ered its true na ture. They set the stage for much of the sci en -
tific and en gi neer ing de vel op ment in the nine teenth cen tury and for the ex plo sion of elec tri -
cal de vel op ment—bat ter ies, motors, generators, lights, etc.

How Was It Dis cov ered?
How Was It Dis cov ered?

All that was known about elec tric ity in the mid-eigh teenth cen tury was that there were
two kinds of it: play ful static and deadly light ning. Benjamin Frank lin was the first sci en tist
to be gin se ri ous elec tri cal ex per i ments (in 1746). He was also the first to sus pect that static
and light ning were two forms of the same thing.

Frank lin had been ex per i ment ing with Leyden jars—large glass jars, par tially filled
with wa ter and wrapped with tin foil both in side and out. A rod ex tended through an in su lat -
ing cork out the top of the jar to a metal knob. Once a Leyden jar was charged with a hand
crank, any one who grabbed the knob got a re sound ing shock.

Frank lin found ways to more than dou ble the amount of elec tric ity his Leyden jars car -
ried, and he in vented a way to con nect them in se ries so that they could, col lec tively, carry
an al most deadly punch.

Dur ing a 1752 dem on stra tion for friends, Frank lin ac ci den tally touched a Leyden jar’s
knob. With a sharp crack, a siz zling blue arc leapt from jar to Frank lin’s hand. He shot back
half a dozen feet and crashed to the floor. Frank lin re al ized that that jolt looked ex actly like
a mini-light ning bolt.

He de cided to prove that static and light ning were the same by de sign ing a Leyden
jar–like elec tric cir cuit to let elec tric ity flow from clouds just as it did into a jar.

Frank lin’s “cir cuit” was made of a thin metal wire fixed to a kite (to gather elec tric ity
from the clouds) and tied to a twine kite string. Elec tric ity would flow down the twine to a
large iron key tied to the bot tom. Frank lin tied the other end of the key to a nonconducting
silk rib bon that he would hold. Thus, elec tric ity would be trapped in the key, just as it was in
a Leyden jar.
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When an af ter noon storm brewed up dark and threat en ing a few weeks later, Frank lin
rushed to launch his kite. The wind howled and the clouds boiled. A cold rain pounded
down about Frank lin’s up turned col lar. The kite twisted and tore at the air like a ram pag ing
bull.

Then it hap pened. No, a light ning bolt did not strike the kite, as has of ten been re -
ported. And a good thing, too. A French sci en tist was killed a few months later by a light -
ning strike when he tried to re peat Frank lin’s ex per i ment. No, what hap pened that stormy
af ter noon was that the twine be gan to glow a faint blue. The twine’s fi bers lifted and bris tled 
straight out. Frank lin could al most see elec tric ity trick ling down the twine as if elec tric ity
were liquid.

Frank lin reached out a cau tious hand closer and closer to the key. And pop! A spark
leapt to his knuckle and shocked him—just like a Leyden jar.

Light ning and static were all the same, fluid elec tric ity!
The prac ti cal out come of this ex per i ment was Frank lin’s in ven tion of the light ning

rod, cred ited with sav ing thou sands of houses and lives over the next 100 years. More im -
por tant, Frank lin’s work in spired ex per i ments by Volta, Far a day, Oers ted, and oth ers in
early part of the nine teenth cen tury that fur ther un rav eled electricity’s nature.

Fun Facts: Pop eye uses spin ach to power his mus cles. Now sci en tists
are look ing to spin ach as a power source for sup ply ing elec tric ity. Chem -
i cal sub stances ex tracted from spin ach are among the in gre di ents needed
to make a so lar cell that con verts light into elec tric ity.

More to Ex plore
More to Ex plore
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Oceans Con trol Global
Weather

Oceans Con trol Global Weather
OCEANS CONTROL GLOBAL WEATHER

Year of Dis cov ery: 1770

What Is It? By pump ing mas sive amounts of heat through the oceans, vast
ocean cur rents con trol weather and cli mate on land.

Who Dis cov ered It? Benjamin Frank lin

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

The At lan tic Ocean’s Gulf Stream is the most im por tant of our world’s ocean cur rents.
It is a ma jor heat en gine, car ry ing mas sive amounts of warm wa ter north to warm Eu rope. It
has di rected the pat terns of ocean ex plo ra tion and com merce and may be a ma jor de ter mi -
nant of the on set of ice ages. Fi nally, it is the key to un der stand ing global cir cu la tion pat -
terns and the in ter con nec ted ness of the world’s oceans, weather, and climates.

Amer i can states man, in ven tor, and sci en tist Benjamin Frank lin con ducted the first sci -
en tific in ves ti ga tion of the Gulf Stream and dis cov ered its im por tance to Earth’s weather
and cli mate. His work launched sci en tific study of ocean cur rents, ocean tem per a ture, the
in ter ac tion of ocean cur rent with winds, and the ef fect of ocean cur rents on cli mate. Frank -
lin’s dis cov er ies mark the be gin nings of modern oceanographic science.

How Was It Dis cov ered?
How Was It Dis cov ered?

Benjamin Frank lin set out to map the Gulf Stream in or der to speed trans at lan tic ship -
ping. He wound up dis cov er ing that ocean cur rents are a ma jor con trol ling fac tor of global
cli mate and weather.

Ocean sur face cur rents were noted by early Norse sail ors as soon as they sailed the
open At lan tic. Co lum bus and Ponce de Leon de scribed the Gulf Stream cur rent along the
coast of Florida and in the strait be tween Florida and Cuba. Oth ers noted North At lan tic cur -
rents over the next hun dred years. How ever, no one charted these cur rents, re corded them
on maps, or con nected the in di vid ual sight ings into a grand, oceanwide sys tem of massive
currents.

In 1769 Brit ish of fi cials in Boston wrote to Lon don com plain ing that the Brit ish pack -
ets (small navy ships that brought pas sen gers and mail to the col o nies) took two weeks lon -
ger in their trans-At lan tic cross ing than did Amer i can mer chant ships. Benjamin Frank lin,
an Amer i can rep re sen ta tive in Lon don at the time, heard this re port and re fused to be lieve it. 
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Packet ships rode higher in the wa ter, were faster ships, and were better crewed than heavy
Rhode Island merchant ships.

Frank lin men tioned the re port to a Rhode Is land mer chant cap tain off-load ing cargo in
Lon don. This cap tain said it was ab so lutely true and hap pened be cause Rhode Is land whal -
ers had taught Amer i can mer chant cap tains about the Gulf Stream, a 3 mph cur rent that
spread east ward from New York and New Eng land to ward Eng land. Amer i can cap tains
knew to curve ei ther north or south on west ward trips to avoid fight ing this powerful
current.

When Frank lin checked, the Gulf Stream didn’t ap pear on any maps, nor did it ap pear
in any of the Brit ish Navy ship ping man u als. Frank lin be gan in ter view ing mer chant and
whal ing cap tains, re cord ing on maps and charts their ex pe ri ence with the Gulf Stream cur -
rent. Whal ers, es pe cially, knew the cur rent well be cause whales tended to con gre gate along
its edges.

By 1770 Frank lin had pre pared de tailed maps and de scrip tions of this cur rent. Brit ish
Navy and mer chant cap tains, how ever, didn’t be lieve him and re fused to re view his in for -
ma tion. By 1773 ris ing ten sions be tween Eng land and the col o nies made Frank lin with hold
his new find ings from the British.

Frank lin be gan tak ing reg u lar wa ter tem per a ture read ings on ev ery At lan tic Ocean
cross ing. By 1783 he had made eight cross ings, care fully plot ting the ex act course his ship
took each time and mark ing his tem per a ture read ings on the ship’s map.

On his last voy age from France to Amer ica, Frank lin talked the ship’s cap tain into
track ing the edge of the Gulf Stream cur rent. This slowed the voy age as the ship zig zagged
back and forth us ing the warm wa ter tem per a ture in side the Gulf Stream and the colder wa -
ter tem per a ture out side it to trace the cur rent’s boundary.

The cap tain also al lowed Frank lin to take both sur face and subsurface (20 and 40 fath -
oms) tem per a ture read ings. Frank lin was the first to con sider the depth (and thus the vol -
ume) of an ocean current.

Frank lin dis cov ered that the Gulf Stream poured masses of warm wa ter (heat) from the 
trop i cal Ca rib bean to ward north ern Eu rope to warm its cli mate. He be gan to study the in ter -
ac tion be tween wind and cur rent and be tween ocean cur rents and weather. Through the
brief pa pers he wrote de scrib ing the Gulf Stream data he had col lected, Frank lin brought
sci ence’s at ten tion and in ter est to ocean cur rents and their effect on global climate.

Frank lin’s de scrip tion of the Gulf Stream was the most de tailed avail able un til Ger man 
sci en tist Al ex an der von Humbolt pub lished his 1814 book about the Gulf Stream based on
his mea sure ments from more than 20 cross ings. These two sets of stud ies rep re sent the be -
gin nings of mod ern oceanographic study.

Fun Facts: The Gulf Stream is big ger than the com bined flow of the
Mis sis sippi, the Nile, the Congo, the Am a zon, the Volga, the Yang tze,
and vir tu ally ev ery other ma jor river in the world.
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Ox y gen
Ox y gen
OXYGEN

Year of Dis cov ery: 1774

What Is It? The first gas sep a rated and iden ti fied as a unique el e ment.

Who Dis cov ered It? Jo seph Priestley

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Priestley’s dis cov ery of ox y gen sparked a chem i cal rev o lu tion. He was the first per son
to iso late a sin gle gas eous el e ment in the mix ture of gas ses we call “air.” Be fore Priestley’s
dis cov ery, sci en tific study had fo cused on met als. By dis cov er ing that air was n’t a uni form
thing, Priestley cre ated a new in ter est in the study of gasses and air.

Be cause ox y gen is a cen tral el e ment of com bus tion, Priestley’s dis cov ery also led to
an un der stand ing of what it means to burn some thing and to an un der stand ing of the con ver -
sion of mat ter into en ergy dur ing chemical reactions.

Fi nally, Priestley es tab lished a sim ple but el e gant and ef fec tive pro cess for con duct ing 
anal y sis of new gas ses and gas eous el e ments. What did it look like? Would it burn (first a
can dle and then wood splin ters)? Would it keep a mouse alive? Was it ab sorbed by water?

How Was It Dis cov ered?
How Was It Dis cov ered?

Rev er end Jo seph Priestley was more fas ci nated by air than by his church du ties. Air
was one of the four tra di tional el e ments (with fire, wa ter, and earth). But Priestley felt
driven to find out what air was made of.

Other sci en tists wrote of cre at ing new gas ses that bub bled up dur ing chem i cal re ac -
tions. Some had de scribed these as “wild gas ses” that built up enough pres sure to ex plode
glass jars or to tri ple the rate at which wood burned. But none had suc cess fully iso lated and
stud ied these new gasses.

Priestley’s imag i na tion soared. He felt com pelled to seek out and study these wild, un -
tamed gas ses.

In early 1774 Priestley de cided the only way to iso late and study these new gas ses was
to trap them un der wa ter in an up side down (in verted), wa ter-filled glass jar in which there
was no air.

He de cided to be gin by burn ing solid mercurius calcinatus and study ing the gas that
re ac tion had been re ported to cre ate.

On Au gust 1, 1774, Priestley used a pow er ful mag ni fy ing lens to fo cus sun light on a
bot tle of pow dered mercurius calcinatus. A cork stop per sealed this bot tle with a glass tube
lead ing from it to a wash tub full of wa ter, where wa ter-filled glass jars stood in verted on a
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wire mesh stand. Priestley’s glass tube ended just un der the open mouth of one of these bot -
tles so that what ever gas he pro duced would bub ble up into, and be trapped in, that glass jar.

As his pow dered mer cury com pound heated, clear bub bles be gan to drift up from the
end of the glass tube. The jar be gan to fill. Priestley filled three bot tles with the gas and was
thus the first hu man to suc cess fully trap this mys te ri ous gas. But what was it?

Priestley care fully raised one bot tle out of the wa ter. He held a lit can dle be neath its
mouth. The dim glow around the can dle’s wick erupted into a bril liant ball of fire. As re -
ported, this strange gas did force sub stances to burn fiercely.

Priestley placed a new jar, filled with or di nary air, up side down on the wire stand next
to a sec ond jar of his mys tery gas. He placed a mouse in each jar, and waited. The mouse in
or di nary air be gan to strug gle for breath in 20 min utes. The mouse in his sec ond jar of this
strange gas breathed com fort ably for over 40 minutes!

There seemed only one name for this amaz ing gas: “pure air.” Priestley care fully
raised a jar of “pure air” out of his tub. He jammed his own nose into its wide mouth. His
heart be gan to beat faster. He closed his eyes, gath ered his cour age, and breathed in as
deeply as he could.

Jo seph felt noth ing odd from this breath. He tried a sec ond breath and felt happy and
filled with en ergy. Priestley’s breath felt par tic u larly light and easy for some time af ter -
ward. It took an other sci en tist, Antoine Lavoisier in Paris, to give Priestley’s “pure air” the
name we know it by to day: “oxygen.”

Fun Facts: With out ox y gen, bi o log i cal death be gins to oc cur within
three min utes. Free-div ing World Cham pion Pipin Ferreras holds the
world re cord for hold ing his breath: 8 min utes, 58 sec onds.

More to Ex plore
More to Ex plore
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Pho to syn the sis
Pho to syn the sis
PHOTOSYNTHESIS

Year of Dis cov ery: 1779

What Is It? Plants use sun light to con vert car bon di ox ide in the air into new
plant mat ter.

Who Dis cov ered It? Jan Ingenhousz

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Pho to syn the sis is the pro cess that drives plant pro duc tion all across Earth. It is also the
pro cess that pro duces most of the ox y gen that ex ists in our at mo sphere for us to breathe.
Plants and the pro cess of pho to syn the sis are key el e ments in the crit i cal (for hu mans and
other mam mals) plan e tary oxygen cycle.

When Jan Ingenhousz dis cov ered the pro cess of pho to syn the sis, he vastly im proved
our ba sic un der stand ing of how plants func tion on this planet and helped sci ence gain a
better un der stand ing of two im por tant at mo spheric gas ses: ox y gen and car bon di ox ide.
Mod ern plant en gi neer ing and crop sci ences owe their foun da tion to Jan Ingenhousz’s
discovery.

How Was It Dis cov ered?
How Was It Dis cov ered?

Jan Ingenhousz was born in Breda in the Neth er lands in 1730. He was ed u cated as a
phy si cian and set tled down to start his med i cal prac tice back home in Breda.

In 1774 Jo seph Priestley dis cov ered ox y gen and ex per i mented with this new, in vis i ble
gas. In one of these tests, Priestley in serted a lit can dle into a jar of pure ox y gen and let it
burn un til all ox y gen had been con sumed and the flame went out. With out al low ing any
new air to en ter the jar, Priestley placed mint sprigs float ing in a glass of wa ter in the jar to
see if the mint would die in this “bad” air. But the mint thrived. Af ter two months, Priestley
placed a mouse in the jar. It also lived—prov ing that the mint plant had re stored ox y gen to
the jar’s air. But this ex per i ment didn’t al ways work. Priestley ad mit ted that it was a mys -
tery and then moved on to other studies.

In 1777, Ingenhousz read about Priestley’s ex per i ments and was fas ci nated. He could
fo cus on noth ing else and de cided to in ves ti gate and ex plain Priestley’s mystery.

Over the next two years, Ingenhousz con ducted 500 ex per i ments try ing to ac count for
ev ery vari able and ev ery pos si ble con tin gency. He de vised two ways to trap the gas that a
plant pro duced. One was to en close the plant in a sealed cham ber. The other was to sub -
merge the plant.
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Ingenhousz used both sys tems, but found it eas ier to col lect and study the gas col lected 
un der wa ter as tiny bub bles. Ev ery time he col lected the gas that a plant gave off, he tested it
to see if it would sup port a flame (have ox y gen) or if it would ex tin guish a flame (be car bon
dioxide).

Ingenhousz was amazed at the beauty and sym me try of what he dis cov ered. Hu mans
in haled ox y gen and ex haled car bon di ox ide. Plants did just the op po site—sort of. Plants in
sun light ab sorbed hu man waste car bon di ox ide and pro duced fresh ox y gen for us to
breathe. Plants in deep shade or at night (in the dark), how ever, did just the op po site. They
acted like hu mans, ab sorb ing ox y gen and producing carbon dioxide.

Af ter hun dreds of tests, Ingenhousz de ter mined that plants pro duced far more ox y gen
than they ab sorbed. Plants im mersed in wa ter pro duced a steady stream of tiny ox y gen bub -
bles when in di rect sun light. Bub ble pro duc tion stopped at night. Plants left for ex tended
pe ri ods in the dark gave off a gas that ex tin guished a flame. When he placed the same plant
in di rect sun light, it pro duced a gas that turned a glow ing em ber into a burn ing in ferno. The
plant again produced oxygen.

Ingenhousz showed that this gas pro duc tion de pended on sun light. He con tin ued his
ex per i ments and showed that plants did not pro duce new mass (leaf, stem, or twig) by ab -
sorb ing mat ter from the ground (as oth ers be lieved). The ground did not lose mass as a plant 
grew. Ingenhousz showed that new plant growth must come from sun light. Plants cap tured
car bon from car bon di ox ide in the air and con verted it into new plant mat ter in the presence
of sunlight.

Ingenhousz had dis cov ered the pro cess of pho to syn the sis. He proved that plants cre -
ated new mass “from the air” by fix ing car bon with sun light. In 1779 he pub lished his re -
sults in Ex per i ments Upon Veg e ta bles. The name pho to syn the sis was cre ated some years
later and co mes from the Greek words mean ing “to be put together by light.”

Fun Facts: Some spe cies of bam boo have been found to grow at up to 91
cm (3 ft.) per day. You can al most watch them grow!

More to Ex plore
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Con ser va tion of Mat ter
Con ser va tion of Mat ter
CONSERVATION OF MATTER

Year of Dis cov ery: 1789

What Is It? The to tal amount of mat ter (mass) al ways re mains the same no
mat ter what phys i cal or chem i cal changes take place.

Who Dis cov ered It? Antoine Lavoisier

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Lavoisier was the first chem ist to be lieve in mea sure ment dur ing and af ter ex per i -
ments. All chem ists be fore had fo cused on ob ser va tion and de scrip tion of the re ac tions dur -
ing an ex per i ment. By care fully mea sur ing the weight of each sub stance, Lavoisier
dis cov ered that mat ter is nei ther cre ated nor de stroyed dur ing a chem i cal re ac tion. It may
change from one form to an other, but it can al ways be found, or ac counted for. Sci en tists
still use this prin ci ple ev ery day and call it “conservation of matter.”

Lavoisier’s work also es tab lished the foun da tion and meth ods of mod ern chem is try.
He did much work with gas ses, gave ox y gen its name (Jo seph Priestley dis cov ered ox y gen
but called it “pure air”) , and dis cov ered that ox y gen makes up 20 per cent of the at mo -
sphere. Lavoisier is con sid ered the fa ther of mod ern chem is try.

How Was It Dis cov ered?
How Was It Dis cov ered?

In the spring of 1781, French man Antoine Lavoisier’s wife, Ma rie, trans lated a pa per
by Eng lish sci en tist Rob ert Boyle into French. The pa per de scribed an ex per i ment with tin
dur ing which Boyle had noted an un ex plained weight change when the tin was heated.
Boyle, like most sci en tists, was con tent to as sume that the ex tra weight had been “cre ated”
dur ing his chemical experiment.

Lavoisier scoffed at the no tion of mys te ri ous cre ation or loss of mass (weight) dur ing
re ac tions. He was con vinced that chem ists’ tra di tional ex per i men tal ap proach was in ad e -
quate. Dur ing ex per i ments chem ists care fully ob served and de scribed changes in a sub -
stance. Lavoisier claimed it was far more im por tant to re cord what could be mea sured.
Weight was one prop erty he could always measure.

Lavoisier de cided to re peat Boyle’s ex per i ment, care fully mea sure weight, and dis -
cover the source of the added weight. Antoine car ried a small sheet of tin to his del i cate bal -
anc ing scales and re corded its weight. Next he placed the tin in a heat-re sis tant glass flask
and sealed its lid to con tain the en tire re ac tion within the flask.
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He weighed the flask (and the tin in side) be fore heat ing it over a burner. A thick layer
of calx (a light gray tar nish) formed on the tin as it heated—as Boyle had de scribed in his
pa per.

Lavoisier turned off the burner, let the flask cool, and then reweighed it. The flask had
not changed weight. He pried off the flask’s lid. Air rushed in, as if into a par tial vac uum.
Antoine re moved and weighed the calx-cov ered tin. It had gained two grams of weight (as
had Boyle’s).

Lavoisier de duced that the weight had to have come from the air in side the flask and
that was why new air rushed into the flask when he opened it. The tin gained two grams as it
mixed with air to form calx. When he opened the lid, two grams of new air rushed in to re -
place the air that had been ab sorbed into calx.

He re peated the ex per i ment with a larger piece of tin. How ever, still only two grams of
air were ab sorbed into calx. He ran the ex per i ment again and mea sured the vol ume of air
that was ab sorbed into calx—20 per cent of the to tal air in side the flask.

He con cluded that only 20 per cent of air was ca pa ble of bond ing with tin. He re al ized
that this 20 per cent of air must be the “pure air” Priestley had dis cov ered in 1774, and
Lavoisier named it “ox y gen.”

Through fur ther ex per i ments Lavoisier re al ized that he had proved some thing far more 
im por tant. Boyle thought weight, or mat ter, was “cre ated” dur ing ex per i ments. Lavoisier
had proved that mat ter was nei ther cre ated nor lost dur ing a chem i cal re ac tion. It al ways
came from some place and went to some place. Sci en tists could al ways find it if they
measured care fully.

The all-im por tant con cept of con ser va tion of mat ter had been dis cov ered. How ever,
Lavoisier didn’t re lease this prin ci ple un til he pub lished his famed chem is try text book in 1789.

Fun Facts: The Fur nace Con stel la tion (Fornax) was cre ated to honor the
fa mous French chem ist Antoine Lavoisier, who was guil lo tined dur ing
the French Rev o lu tion in 1794.

More to Ex plore
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The Na ture of Heat
The Na ture of Heat
THE NATURE OF HEAT

Year of Dis cov ery: 1790

What Is It? Heat co mes from fric tion, not from some in ter nal chem i cal prop -
erty of each sub stance.

Who Dis cov ered It? Count Rumford

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Sci en tists be lieved that heat was an in vis i ble, weight less liq uid called ca lo ric. Things
that were hot were stuffed with ca lo ric. Ca lo ric flowed from hot to cold. They also be lieved
that fire (com bus tion) came from an other in vis i ble sub stance called phlogiston, a vi tal es -
sence of com bus ti ble sub stances. As a sub stance burned, it lost phlogiston to air. The fire
ended when all phlogiston had been lost.

These er ro ne ous be liefs kept sci en tists from un der stand ing the na ture of heat and of
ox i da tion (in clud ing com bus tion), and stalled much of the phys i cal sci ences. Benjamin
Thomp son, who called him self Count Rumford, shat tered these myths and dis cov ered the
prin ci ple of fric tion. This dis cov ery opened the door to a true un der stand ing of the nature of
heat.

How Was It Dis cov ered?
How Was It Dis cov ered?

In 1790, 37-year-old Count Rumford was serv ing the King of Ba varia as a mil i tary ad -
vi sor. As part of his du ties he was in charge of the king’s can non man u fac tur ing.

Born in Mas sa chu setts as Benjamin Thomp son, Rumford had served as a Brit ish spy
dur ing the Amer i can Rev o lu tion ary War. Then he spied on the Brit ish for the Prus sians. In
1790 he fled to Ba varia and changed his name to Count Rumford.

The cannon man u fac tur ing plant was a deafeningly noisy ware house. On one side,
metal wheel rims and mount ing brack ets were ham mered into shape around wooden wheels 
and can non car riages. Steam rose from hiss ing vats as glow ing metal plates were cooled in
slimy water.

On the other side of the ware house, great can nons were forged. Mol ten metal poured
into huge molds—many 12 feet long and over 4 feet across. Spin ning drills scraped and
gouged out the in side of each can non bar rel.

Drill bits grew dan ger ously hot. Streams of wa ter kept them from melt ing. Hiss ing
steam bil lowed out of the can non bar rels to ward the ceil ing, where it con densed and dripped 
like rain onto the work ers below.
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On one visit, Rumford rec og nized that great quan ti ties of heat flowed into the air and
wa ter from those can non bar rels. At that time sci en tists be lieved that, as a sub stance grew
hot ter, more ca lo ric squeezed into it. Even tu ally ca lo ric over flowed and spilled out in all di -
rec tions to heat what ever it touched.

Rumford won dered how so much ca lo ric (heat) could pour out of the metal of one can -
non bar rel—es pe cially since the can non bar rels felt cold when the drill ing started.

Rumford de cided to find out how much ca lo ric was in each bar rel and where that ca lo -
ric was stored. He fash ioned a long trough to catch all the wa ter pour ing out of a can non bar -
rel while it was be ing drilled so he could mea sure its in crease in temperature.

He also di rected that ex tra hoses be sprayed on the drill ing to pre vent the for ma tion of
steam. Rumford didn’t want any ca lo ric es cap ing as steam he could n’t cap ture and measure.

Drill ing be gan with a great screech ing. Hoses sprayed wa ter onto the drill bits. The
metal be gan to glow. A tor rent of heated wa ter eight inches deep tum bled down the nar row,
foot-wide trough and past the Count and his ther mom e ters.

Rumford was thrilled. More ca lo ric flowed out of that can non bar rel than he could
have imag ined in even his wild est dreams. And still the hot wa ter con tin ued to flow past
him, all of it heated to more than 50 de grees celsius.

Even tu ally the Count’s face soured. Some thing was very wrong. The metal can non
bar rel had al ready lost more than enough heat (ca lo ric) to turn it into a bub bling pool of liq -
uid metal many thou sands of de grees hot. It seemed im pos si ble for so much ca lo ric to have
ex isted in the metal.

Count Rumford watched the bor ers go back to work and re al ized that what he saw was
mo tion. As drill bits ground against the can non’s metal, their mo tion as they crashed against
the sur face of the metal must cre ate heat. Move ment was be ing con verted into heat!

To day we call it fric tion, and know it is one of the pri mary sources of heat. But in 1790, 
no one be lieved Count Rumford’s new the ory of fric tion heat, and they held onto the no tion
of ca lo ric for an other 50 years.

Fun Facts: Fric tion with air mol e cules is what burns up me te ors as they
plunge into the at mo sphere. That same fric tion forced NASA to line the
bot tom of ev ery space shut tle with hun dreds of heat-re sis tant ce ramic
tiles. Fail ure of one of those tiles led to the ex plo sion of the Co lum bia in
2004.

More to Ex plore
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Ero sion of the Earth
Ero sion of the Earth
EROSION OF THE EARTH

Year of Dis cov ery: 1792

What Is It? The earth’s sur face is shaped by gi ant forces that steadily, slowly
act to build it up and wear it down.

Who Dis cov ered It? James Hutton

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

In the eigh teenth cen tury sci en tists still be lieved that Earth’s sur face had re mained un -
changed un til cat a clys mic events (the great flood of Noah’s ark fame was the most of ten
sited ex am ple) rad i cally and sud denly changed the face of our planet. They tried to un der -
stand the planet’s sur face struc tures by search ing for those few ex plo sive events. At tempts
to study the earth, its his tory, its land forms, and its age based on this be lief led to wildly in -
ac cu rate guesses and misinformation.

James Hutton dis cov ered that the earth’s sur face con tin u ally and slowly changes,
evolves. He dis cov ered the pro cesses that grad u ally built up and wore down the earth’s sur -
face. This dis cov ery pro vided the key to un der stand ing our planet’s his tory and launched
the mod ern study of earth sciences.

How Was It Dis cov ered?
How Was It Dis cov ered?

In the 1780s, 57-year-old, more-or-less re tired phy si cian and farmer (and am a teur ge ol o -
gist) James Hutton de cided to try to im prove on the wild guesses about the age of the earth that 
had been put forth by other sci en tists. Hutton de cided to study the rocks of his na tive Scot land
and see if he could glean a better sense of Earth’s age by study ing the earth’s rocks.

Lanky Hutton walked with long pen du lum-like strides across steep, roll ing green hills.
Soon he re al ized that the ex ist ing geo log i cal the ory—called catastrophism—could n’t pos si -
bly be right. Catastrophism claimed that all of the changes in the earth’s sur face were the re -
sult of sud den, vi o lent (cat a strophic) changes. (Great floods carved out val leys in hours. Great 
wrenchings shoved up moun tains over night.) Hutton re al ized that no cat a strophic event could 
ex plain the roll ing hills and me an der ing river val leys he hiked across and stud ied.

It was one thing to say that an ex ist ing pop u lar the ory was wrong. But it was quite an -
other to prove that it was wrong or to sug gest a re place ment the ory that better ex plained
Earth’s ac tual sur face. Hutton’s search broad ened as he strug gled to dis cover what forces
ac tu ally formed the hills, moun tains, val leys, and plains of Earth.

Late that sum mer Hutton stopped at a small stream tum bling out of a steep can yon.
With out think ing, he bent down and picked up a hand ful of tiny peb bles and sand from the
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streambed. As he sifted these tiny rocks be tween his fin gers, he re al ized that these peb bles
had drifted down this small stream, crash ing and break ing into smaller pieces as they went.
They used to sit some where up higher on the long ridge before him.

This stream was car ry ing dirt and rock from hill top to val ley floor. This stream was re -
shap ing the en tire hill side—slowly, grain by grain, day by day. Not cat a stroph i cally as ge -
ol o gists claimed.

The earth, Hutton re al ized, was shaped slowly, not over night. Rain pound ing down on
hills pulled par ti cles of dirt and rock down into streams and then down to the plains.
Streams gouged out chan nels, gul lies, and val leys bit by bit, year by year.

The wind tore at hills in the same way. The forces of na ture were ev ery where tear ing
down the earth, lev el ing it out. Na ture did this not in a day, but over count less cen tu ries of
re lent less, steady work by wind and water.

Then he stopped. If that were true, why had n’t na ture al ready lev eled out the earth?
Why were n’t the hills and moun tains worn down? There must be a sec ond force that builds
up the land, just as the forces of na ture tear it down.

For days James Hutton hiked and pon dered. What built up the earth? It fi nally hit him:
the heat of Earth’s core built up hills and moun tains by push ing out ward.

Moun tain ranges were forced up by the heat of the earth. Wind and rain slowly wore
them back down. With no real be gin ning and no end, these two great forces strug gled in dy -
namic bal ance over eons, the real time scale for geo logic study.

With that great dis cov ery, James Hutton for ever changed the way ge ol o gists would
look at the earth and its pro cesses, and he com pletely changed hu man kind’s sense of the
scale of time re quired to bring about these changes.

Fun Facts: Mil lions of years ago flow ing wa ter eroded the sur face of
Mars, leav ing be hind the gul lies, banks, and dry riverbeds sci en tists have 
found there. Now Mar’s at mo sphere is too thin to sup port liq uid wa ter. A
cup of wa ter on Mars would in stantly va por ize and van ish, blown away
by the so lar winds.

More to Ex plore
More to Ex plore
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Vac ci na tions
Vac ci na tions
VAC CI NA TIONS

Year of Dis cov ery: 1798

What Is It? Hu mans can be pro tected from dis ease by in ject ing them with mild 
forms of the very dis ease they are try ing to avoid.

Who Dis cov ered It? Lady Mary Wortley Montagu and Ed ward Jen ner

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Have you had small pox? Po lio? Ty phoid? Prob a bly not.
How ever, such in fec tious dis eases used to plague hu man kind. The word plague co mes 

from one of these killer dis eases—the bu bonic plague. Through out the four teenth and fif -
teenth cen tu ries, the plague killed nearly half of the pop u la tion of Europe.

Small pox killed over 100,000 peo ple a year for a cen tury and left mil lions hor ri bly
scarred and dis fig ured. The in flu enza ep i demic of 1918 killed 25 mil lion world wide. Po lio
killed thou sands in the early twen ti eth cen tury and left mil lions paralyzed.

One sim ple dis cov ery not only stopped the spread of each of these dis eases, it vir tu ally
erad i cated them. That dis cov ery was vac ci na tions. Vac ci na tions have saved mil lions of
lives and have pre vented un imag in able amounts of mis ery and suf fer ing. Amer i can chil -
dren are now reg u larly vac ci nated for as many as 15 diseases.

How Were Vac ci na tions Dis cov ered?
How Were Vac ci na tions Dis cov ered?

Twenty-four-year-old Lady Mary Wortley Montagu, a well-known Eng lish poet, trav -
eled to Tur key with her hus band in 1712 when he be came the Brit ish am bas sa dor. Lady
Mary no ticed that na tive pop u la tions in Tur key didn’t suf fered from small pox, the dread
dis ease that had left her scarred and pock marked and that killed tens of thou sands in
England each year.

She soon learned that el derly tribal women per formed what was called “in graft ing.”
Pre vi ous Brit ish trav el ers had dis missed the prac tice as a mean ing less tribal rit ual. Lady
Mary sus pected that this an nual event held the se cret to their im mu nity from smallpox.

Vil lage fam i lies would de cide if any one in the fam ily should have small pox that year.
An old woman ar rived car ry ing a nut shell full of in fected liq uid. She would open one of the
vol un teer’s veins with a nee dle dipped in the liq uid, as the fam ily sang and chanted. The in -
fected per son stayed in bed for two to three days with a mild fe ver and a slight rash. He or
she was then as well as be fore, never get ting a se ri ous case of small pox. Mary won dered if
Eng lish pop u la tions could be protected by ingrafting.
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Upon her re turn to Eng land in 1713, Lady Mary lec tured about the po ten tial of in graft -
ing. She was dis missed as an un trained and “silly” woman. In early 1714 Caro line, Prin cess
of Wales, heard one of Lady Mary’s talks and ap proved Lady Mary’s in graft ing of con victs
and orphans.

Lady Mary col lected the puss from small pox blis ters of sick pa tients and in jected small 
amounts of the deadly liq uid into her test sub jects. The death rate of those she in oc u lated
was less than one-third that of the gen eral pub lic, and five times as many of her sub jects got
mild, non-scar ring cases.

How ever, there was a prob lem with in graft ing. In oc u la tions with live small pox vi ruses 
were dan ger ous. Some pa tients died from the in jec tions that were sup posed to protect them.

En ter Ed ward Jen ner, a young Eng lish sur geon, in 1794. Liv ing in a ru ral com mu nity,
Jen ner no ticed that milk maids al most never got small pox. How ever, vir tu ally all milk maids 
did get cow pox, a dis ease that caused mild blis ter ing on their hands. Jen ner the o rized that
cow pox must be in the same fam ily as small pox and that get ting mild cow pox was like in -
graft ing and made a per son immune to the deadly smallpox.

He tested his the ory by in ject ing 20 chil dren with liq uid taken from the blis ters of a
milk maid with cow pox. Each in fected child got cow pox. Pain ful blis ters formed on their
hands and arms, last ing sev eral days.

Two months later, Jen ner in jected live small pox into each of his test chil dren. If Jen -
ner’s the ory was wrong, many of these chil dren would die. How ever, none of his test chil -
dren showed any sign of small pox.

Jen ner in vented the word “vac ci na tion” to de scribe his pro cess when he an nounced his 
re sults in 1798. Vacca is the Latin word for cow; vac cinia is Latin for cowpox.

Fun Facts: The World Health Or ga ni za tion de clared small pox erad i -
cated in 1979, and the Pres i dent George H. Bush said that since then au -
thor i ties have not de tected a sin gle nat u ral case of the dis ease in the
world.

More to Ex plore
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In fra red and Ul tra vi o let
Infrared and Ul tra vi o let
INFRARED & ULTRA VIOLET

Years of Dis cov ery: 1800 and 1801

What Is It? En ergy is ra di ated by the sun and other stars out side of the nar row
vis i ble spec trum of col ors.

Who Dis cov ered It? Fred er ick Herschel (IR) and Johann Ritter (UV)

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

In fra red and ul tra vi o let ra di a tion are key parts of our sci en tific de vel op ment over the
past 200 years. Yet un til 1800 it never oc curred to any one that ra di a tion could ex ist out side
the nar row band that hu man eyes de tect. The dis cov ery of in fra red and ul tra vi o let light ex -
panded sci ence’s view be yond the vis i ble light to the whole ra di a tion spec trum, from radio
waves to gamma rays.

In fra red (IR) ra di a tion has been key to many as tro nom i cal dis cov er ies. In ad di tion,
earth sci ence uses IR to mea sure heat in stud ies of ev ery thing from ocean tem per a tures to
for est health. IR sen sors power bur glar alarms, fire alarms, and po lice and fire in fra red de -
tec tors. Bi ol o gists have dis cov ered that many birds and in sects de tect IR ra di a tion with their 
eyes. Ul tra vi o let light (UV) led to a better un der stand ing of so lar ra di a tion and to high-en -
ergy parts of the spec trum, including X-rays, microwaves, and gamma rays.

How Was It Dis cov ered?
How Was It Dis cov ered?

Fred er ick Herschel was born in Hanover, Ger many, in 1738. As a young man, he grew
into a gifted mu si cian and as tron o mer. It was Herschel who dis cov ered the planet Ura nus in
1781, the first new planet dis cov ered in al most 2,000 years.

In late 1799 Herschel be gan a study of so lar light. He of ten used color fil ters to iso late
parts of the light spec trum for these stud ies and noted that some fil ters grew hot ter than oth -
ers. Cu ri ous about this heat in so lar ra di a tion, Herschel won dered if some col ors nat u rally
car ried more heat than others.

To test this idea, Herschel built a large prism. In a dark ened room, he pro jected the
prism’s rain bow light spec trum onto the far wall and care fully mea sured the tem per a ture in -
side each of these sep a rate col ored light beams.

Herschel was sur prised to find that the tem per a ture rose steadily from vi o let (cool est)
to a max i mum in the band of red light. On a sud den im pulse, Herschel placed a ther mom e ter 
in the dark space right next to the band of red light (just be yond the light spectrum).

This ther mom e ter should have stayed cool. It was not in any di rect light. But it didn’t.
This ther mom e ter reg is tered the most heat of all.
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Herschel was amazed. He guessed that the sun ra di ated heat waves along with light
waves and that these in vis i ble heat rays re fract slightly less while trav el ing through a prism
than do light rays. Over the course of sev eral weeks, he tested heat rays and found that they
re fracted, re flected, bent, etc., ex actly like light. Be cause they ap peared be low red light,
Herschel named them in fra red (mean ing below red).

Johann Ritter was born in 1776 in Ger many and be came a nat u ral sci ence phi los o pher.
His cen tral be liefs were that there was unity and sym me try in na ture and that all nat u ral
forces could be traced back to one prime force, Urkraft.

In 1801, Ritter read about Herschel’s dis cov ery of in fra red ra di a tion. Ritter had
worked on sun light’s ef fect on chem i cal re ac tions and with elec tro chem is try (the ef fect of
elec tri cal cur rents on chem i cals and on chem i cal re ac tions). Dur ing this work he had tested
light’s ef fect on sil ver chlo ride and knew that ex po sure to light turned this chem i cal from
white to black. (This dis cov ery later became the basis for photography.)

Ritter de cided to du pli cate Herschel’s ex per i ment, but to see if all col ors dark ened sil -
ver chlo ride at the same rate. He coated strips of pa per with sil ver chlo ride. In a dark room
he re peated Herschel’s set up. But in stead of mea sur ing tem per a ture in each color of the
rain bow spec trum pro jected on wall, Ritter timed how long it took for strips of sil ver chlo -
ride pa per to turn black in each color of the spectrum.

He found that red hardly turned the pa per at all. He also found that vi o let dark ened pa -
per the fast est.

Again mim ick ing Herschel’s ex per i ment, Ritter placed a sil ver chlo ride strip in the
dark area just be yond the band of vi o let light. This strip black ened the fast est of all! Even
though this strip was not ex posed to vis i ble light, some ra di a tion had acted on the chem i cals
to turn them black.

Ritter had dis cov ered ra di a tion be yond vi o let (ul tra vi o let) just as Herschel had dis cov -
ered that ra di a tion ex isted be low the red end of the vis i ble spec trum (infrared).

Fun Facts: A TV re mote con trol uses in fra red light to ad just the vol ume
or change the chan nel.

More to Ex plore
More to Ex plore
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An es the sia
An es the sia
ANESTHESIA

Year of Dis cov ery: 1801

What Is It? A med i ca tion used dur ing sur gery that causes loss of aware ness of
pain in pa tients.

Who Dis cov ered It? Humphry Davy

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

An es the sia cre ated safe sur gery and made many med i cal and den tal op er a tions prac ti -
cal and plau si ble. The trauma suf fered by pa tients from the pain of an op er a tion was of ten so 
dan ger ous that it kept doc tors from at tempt ing many sur gi cal pro ce dures. That pain also
kept many se verely ill pa tients from seeking medical help.

An es the sia elim i nated much of the pain, fear, anx i ety, and suf fer ing for med i cal and
den tal pa tients dur ing most pro ce dures and gave the med i cal pro fes sion a chance to de velop 
and re fine the pro ce dures that would save countless lives.

An es the si ol ogy is now a ma jor med i cal spe cialty and an im por tant po si tion in ev ery
op er at ing room. While it is prob a ble that new drugs and new types of an es the sia will be de -
vel oped in the com ing de cades, this im por tant as pect of med i cine will be with us forever.

How Was It Dis cov ered?
How Was It Dis cov ered?

The word an es the sia, from the Greek words mean ing “lack of sen sa tion,” was coined by
Ol i ver Wendell Holmes (fa ther of the su preme court chief jus tice by the same name) in 1846.
How ever, the con cept of an es the sia is mil len nia old. An cient Chi nese doc tors de vel oped acu -
punc ture tech niques that blocked the trans mis sion of pain sen sa tions to the brain. An cient
Romans and Egyp tians used man drake (the root of the mandragora plant) to in duce un con -
scious ness. Eu ro pean doc tors in the mid dle ages also fa vored man drake. Inca sha mans chewed
coca leaves and spit the juice (co caine) into wounds and cuts to numb their pa tients’ pain.

Three nine teenth-cen tury sci en tists each laid claim to the med i cal dis cov ery of mod ern an es -
the sia. None of them de serves the credit be cause Humphry Davy had al ready earned that dis tinc tion.

Scot tish ob ste tri cian Sir Young Simpson was the first to ex per i ment with chlo ro form.
He ob served that pa tients who in haled a few breaths of the gas (a wad of cot ton soaked in
chlo ro form was placed un der the nose) quickly be came re laxed and calm, and were soon
un con scious. His use of the drug drew no at ten tion un til, in 1838, Queen Vic to ria asked for
Simpson and his chlo ro form for the birth of her seventh child.

Chlo ro form’s great est use came dur ing the Amer i can Civil War. South ern cot ton was
of ten traded in Eng land for med i cines—in clud ing chlo ro form—that be came a staple of
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bat tle field op er at ing tents for South ern doc tors. Af ter the war, chlo ro form con tin ued to en -
joy some pop u lar ity—es pe cially in the South—un til syn thetic drugs were de vel oped in the
early twen ti eth cen tury.

Geor gia phy si cian Crawford Long was the first to use ether dur ing an op er a tion. In
1842 he re moved a neck tu mor from James Venable, a lo cal judge. The op er a tion went per -
fectly and the judge felt no pain. But Long never both ered to pub li cize his success.

Two years later Boston den tist Hor ace Wells took up the no tion of us ing ether to dull op -
er a tion pain. Wells mis tak enly turned off the gas too soon. His pa tient sat up and screamed.
The crowd of ob serv ing doc tors scoffed and called Well’s claims for ether a hoax.

One year later (1845), Boston den tist Wil liam Mor ton gave ether an other try. Mor ton’s 
op er a tion went flaw lessly. Only af ter Mor ton’s sec ond suc cess ful pub lic op er a tion with
ether, and only af ter he had pub lished sev eral ar ti cles tout ing the glo ries of ether, did doc -
tors across Amer ica—and then Eu rope—turn to ether as their pri mary an es thetic.

How ever, none of these men was the first to dis cover mod ern med i cal an es the sia. In 1801,
Eng lish sci en tist Humphry Davy was ex per i ment ing with gas ses when he com bined ni tro gen
and ox y gen to pro duce ni trous ox ide. Davy tested the re sult ing col or less gas and even tu ally
took sev eral deep breaths. He re ported a soar ing eu pho ria that soon passed into an un con trol la -
ble out burst of laugh ter and sob bing un til he passed out (it made him un con scious).

Davy named the stuff laugh ing gas and noted its ten dency to make him un aware of
pain. Davy rec om mended it for use as an an es thetic dur ing med i cal and den tal pro ce dures.
Even though doc tors took no note of his dis cov ery, Davy’s work is the first sci en tific iden ti -
fi ca tion and test ing of an anesthetic.

Fun Facts: The com mon phrase “bit ing the bul let” dates from the days
be fore an es thet ics were avail able on the bat tle field. Bit ing on the soft
lead of a bul let ab sorbed the pres sure of the bite with out dam ag ing a sol -
dier’s teeth.
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At oms
At oms
ATOMS

Year of Dis cov ery: 1802

What Is It? An atom is the small est par ti cle that can ex ist of any chem i cal
el e ment.

Who Dis cov ered It? John Dal ton

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

The mod ern worlds of chem is try and phys ics de pend on know ing and study ing the
uni verse of at oms. But no one could ac tu ally see an atom un til the in ven tion of the elec tron
mi cro scope in 1938. Cen tu ries be fore that, at oms were well known and were an im por tant
part of chem is try and phys ics re search. It was John Dal ton who de fined the atom, al low ing
sci en tists to be ing se ri ous study at the atomic level. An atom is the small est par ti cle of any
el e ment and the ba sic build ing block of mat ter. All chem i cal com pounds are built from
combinations of atoms.

Since at oms are the key to un der stand ing chem is try and phys ics, Dal ton’s dis cov ery of 
the atom ranks as one of the great turn ing points for sci ence. Be cause of this dis cov ery, Dal -
ton is of ten called the fa ther of mod ern physical science.

How Was It Dis cov ered?
How Was It Dis cov ered?

In the fifth cen tury B.C., Leucippus of Miletus and Democritus of Abdera the o rized
that each form of mat ter could be bro ken into smaller and smaller pieces. They called that
small est par ti cle that could no lon ger be bro ken into smaller pieces an atom. Ga li leo and
New ton both used the term atom in the same gen eral way. Rob ert Boyle and Antoine
Lavoisier were the first to use the word el e ment to de scribe one of the newly dis cov ered
chem i cal sub stances. All of this work, how ever, was based on gen eral philo soph i cal the ory,
not on sci en tific observation and evidence.

John Dal ton was born in 1766 near Man ches ter, Eng land, and re ceived a strict Quaker
up bring ing. With lit tle for mal ed u ca tion, he spent 20 years study ing me te o rol ogy and
teach ing at re li gious, col lege-level schools. Near the end of this pe riod, Dal ton joined, and
pre sented a va ri ety of pa pers to, the Philo soph i cal So ci ety. These in cluded pa pers on the ba -
rom e ter, the ther mom e ter, the hy grom e ter, rain fall, the for ma tion of clouds, evap o ra tion,
at mo spheric mois ture, and dew point. Each pa per pre sented new theories and advanced
research results.

Dal ton quickly be came fa mous for his in no va tive think ing and shifted to sci ence re -
search full time. In 1801 he turned his at ten tion from the study of at mo spheric gas ses to
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chem i cal com bi na tions. Dal ton had no ex pe ri ence or train ing in chem is try. Still, he plowed
con fi dently into his studies.

By this time al most 50 chem i cal el e ments had been dis cov ered—met als, gas ses, and
non met als. But sci en tists study ing chem is try were blocked by a fun da men tal ques tion they
could n’t an swer: How did el e ments ac tu ally com bine to form the thou sands of com pounds
that could be found on Earth? For ex am ple, how did hy dro gen (a gas) com bine with ox y gen
(an other gas) to form wa ter (a liq uid)? Fur ther, why did ex actly one gram of hy dro gen al -
ways com bine with ex actly eight grams of oxygen to make water—never more, never less?

Dal ton stud ied all of the chem i cal re ac tions he could find (or cre ate), try ing to de velop
a gen eral the ory for how the fun da men tal par ti cle of each el e ment be haved. He com pared
the weights of each chem i cal and the likely atomic struc ture of each el e ment in each com -
pound. Af ter a year of study, Dal ton de cided that these com pounds were de fined by sim ple
nu mer i cal ra tios by weight. This de ci sion al lowed him to de duce the num ber of par ti cles of
each el e ment in var i ous well-known compounds (water, ether, etc.).

Dal ton the o rized that each el e ment con sisted of tiny, in de struc ti ble par ti cles that were
what com bined with other el e ments to form com pounds. He used the old Greek word, atom, 
for these par ti cles. But now it had a spe cific chemical meaning.

Dal ton showed that all at oms of any one el e ment were iden ti cal so that any of them
could com bine with the at oms of some other el e ment to form the known chem i cal com -
pounds. Each com pound had to have a fixed num ber of at oms of each el e ment. Those fixed
ra tios never changed. He de duced that com pounds would be made of the min i mum num ber
pos si ble of at oms of each el e ment. Thus wa ter would n’t be H4O2 be cause H2O was sim pler
and had the same ra tio of hy dro gen and ox y gen at oms.

Dal ton was the first to use let ter sym bols (H, O, etc.) to rep re sent the var i ous el e ments.
Sci en tists readily ac cepted Dal ton’s the o ries and dis cov er ies, and his con cepts quickly
spread across all West ern sci ence. We still use his con cept of an atom today.

Fun Facts: The small est atom is the hy dro gen atom, with just one elec -
tron cir cling a sin gle pro ton. The larg est nat u rally oc cur ring atom is the
ura nium atom, with 92 elec trons cir cling a nu cleus stuffed with 92 pro -
tons and 92 neu trons. Larger at oms have been ar ti fi cially cre ated in the
lab but do not oc cur nat u rally on earth.
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Elec tro chem i cal Bond ing
Elec tro chem i cal Bond ing
ELECTROCHEMICAL BONDING

Year of Dis cov ery: 1806

What Is It? Mo lec u lar bonds be tween chem i cal el e ments are elec tri cal in 
na ture.

Who Dis cov ered It? Humphry Davy

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Davy dis cov ered that the chem i cal bonds be tween in di vid ual at oms in a mol e cule are
elec tri cal in na ture. We now know that chem i cal bonds are cre ated by the shar ing or trans fer 
of elec tri cally charged par ti cles—elec trons—be tween at oms. In 1800, the idea that chem is -
try some how in volved elec tric ity was a radical discovery.

Davy’s dis cov ery started the mod ern field of elec tro chem is try and re de fined sci ence’s
view of chem i cal re ac tions and how chem i cals bond to gether. Fi nally, Davy used this new
con cept to dis cover two new (and im por tant) el e ments: sodium and potassium.

How Was It Dis cov ered?
How Was It Dis cov ered?

Humphry Davy was born in 1778 along the rug ged coast of Cornwall, Eng land. He re -
ceived only min i mal school ing and was mostly self-taught. As a young teen ager, he was ap -
pren ticed to a sur geon and apoth e cary. But the early writ ings of famed French sci en tist
Antoine Lavoisier sparked his in ter est in science.

In 1798 Davy was of fered a chance by wealthy am a teur chem ist Thomas Beddoes to
work in Bris tol, Eng land, at a new lab Beddoes built and funded. Davy was free to pur sue
chem is try-re lated sci ence whims. He ex per i mented with gases in 1799, think ing that the
best way to test these col or less cre ations was to breathe them. He sniffed ni trous ox ide
(N2O) and passed out, re mem ber ing noth ing but feel ing happy and pow er ful. Af ter he re -
ported its ef fect, the gas quickly be came a pop u lar party drug un der the name “laugh ing
gas.” Davy used ni trous ox ide for a wis dom tooth ex trac tion and felt no pain. Even though
he re ported this in an ar ti cle, it was an other 45 years be fore the med i cal pro fes sion fi nally
used ni trous ox ide as its first an es thetic.

Davy also ex per i mented with car bon di ox ide. He breathed it and al most died from car -
bon di ox ide poi son ing. A born show man, movie-star hand some, and al ways fash ion ably
dressed, Davy de lighted in stag ing grand dem on stra tions of each ex per i ment and dis cov ery
for thrilled au di ences of public admirers.
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In 1799, Ital ian Alessandro Volta in vented the bat tery and cre ated the world’s first
man-made elec tri cal cur rent. By 1803, Davy had talked Beddoes into build ing a gi ant “Vol -
taic Pile” (bat tery) with 110 dou ble plates to pro vide more power.

Davy turned his full at ten tion to ex per i ment ing with bat ter ies. He tried dif fer ent met als 
and even char coal for the two elec trodes in his bat tery and ex per i mented with dif fer ent liq -
uids (wa ter, ac ids, etc.) for the liq uid (called an elec tro lyte) that filled the space around the
battery’s plates.

In 1805 Davy no ticed that a zinc elec trode ox i dized while the bat tery was con nected.
That was a chem i cal re ac tion tak ing place in the pres ence of an elec tri cal cur rent. Then he
no ticed other chem i cal re ac tions tak ing place on other elec trodes. Davy re al ized that the
bat tery (elec tric cur rent) was caus ing chem i cal reactions to happen.

As he ex per i mented with other elec trodes, Davy be gan to re al ize the elec tri cal na ture
of chem i cal re ac tions. He tried a wide va ri ety of ma te ri als for the two elec trodes and dif fer -
ent liq uids for the electrolyte.

In a grand dem on stra tion in 1806, Davy passed a strong elec tric cur rent through pure
wa ter and showed that he pro duced only two gas ses—hy dro gen and ox y gen. Wa ter mol e -
cules had been torn apart by an elec tric cur rent. This dem on stra tion showed that an elec tri -
cal force could tear apart chem i cal bonds. To Davy this meant that the orig i nal chem i cal
bonds had to be elec tri cal in na ture or an elec tric cur rent could n’t have ripped them apart.

Davy had dis cov ered the ba sic na ture of chem i cal bond ing. Chem i cal bonds were
some how elec tri cal. This dis cov ery rad i cally changed the way sci en tists viewed the for ma -
tion of mol e cules and chemical bonds.

Davy con tin ued ex per i ments, pass ing elec tri cal cur rents from elec trode to elec trode
through al most ev ery ma te rial he could find. In 1807 he tried the power of a new bat tery
with 250 zinc and cop per plates on caus tic pot ash and iso lated a new el e ment that burst into
bril liant flame as soon as it was formed on an elec trode. He named it po tas sium. A month
later he iso lated so dium. Davy had used his grand dis cov ery to discover two new elements.

Fun Facts: A pop u lar use of elec tro chem i cal bond ing is in cook ware.
The pro cess unites the an od ized sur face with the alu mi num base, cre at -
ing a nonporous sur face that is 400 per cent harder than alu mi num.

More to Ex plore
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The Ex is tence of 
Mol e cules

The Ex is tence of Mol e cules
THE EX IS TENCE OF MOL E CULES

Year of Dis cov ery: 1811

What Is It? A mol e cule is a group of at tached at oms. An atom uniquely iden ti -
fies one of the 100+ chem i cal el e ments that make up our planet. Bond ing a 
num ber of dif fer ent at oms to gether makes a mol e cule, which uniquely
iden ti fies one of the many thou sands of sub stances that can ex ist.

Who Dis cov ered It? Amedeo Avo ga dro

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

If at oms are the ba sic build ing block of each el e ment, then mol e cules are the ba sic
build ing blocks of each sub stance on Earth. Sci en tists were stalled by their in abil ity to ac cu -
rately imag ine—let alone de tect—par ti cles as small as an atom or a mol e cule. Many had
the o rized that some tiny par ti cle (that they called an atom) was the small est pos si ble par ti cle 
and the ba sic unit of each el e ment. How ever, the sub stances around us were not made of in -
di vid ual el e ments. Sci en tists were at a loss to explain the basic nature of substances.

Avo ga dro’s dis cov ery cre ated a ba sic un der stand ing of the re la tion ship be tween all of
the mil lions of sub stances on Earth and the few ba sic el e ments. It ad justed ex ist ing the ory to 
con clude that ev ery li ter of gas (at the same tem per a ture and pres sure) had ex actly the same
num ber of mol e cules in it. This dis cov ery al lowed sci en tists to make crit i cal cal cu la tions
with and about gas ses and al lowed sci en tists to un der stand the na ture of all sub stances.
Avo ga dro’s dis cov ery (and the re lated Avo ga dro’s Num ber) have be come one of the cor -
ner stones of or ganic and in or ganic chem is try as well as the ba sis for the gas laws and much
of the de vel op ment of quan ti ta tive chem is try.

How Was It Dis cov ered?
How Was It Dis cov ered?

In the spring of 1811, 35-year-old col lege pro fes sor Amedeo Avo ga dro sat in his class -
room scowl ing at two sci en tific pa pers laid out on his desk. Avo ga dro taught nat u ral sci ence 
classes at Vercelli Col lege in the Ital ian moun tain town of Tu rin. Twenty-five stu dents sat
each day and lis tened to Pro fes sor Avo ga dro lec ture, dis cuss, and quiz them on what ever
as pects of sci ence caught his fancy.

This day he read these two pa pers to his class, claimed that he saw an im por tant mys -
tery in them, and chal lenged his stu dents to find it.
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In the two pa pers, the Eng lish chem ist, Dal ton, and the French chem ist, Gay-Lus sac,
each de scribed an ex per i ment in which they com bined hy dro gen and ox y gen at oms to cre -
ate wa ter. Both re ported that it took ex actly two li ters of gas eous hy dro gen at oms to com -
bine with ex actly one li ter of ox y gen at oms to pro duce ex actly two li ters of gas eous wa ter
va por. Dal ton claimed that this ex per i ment proved that wa ter is the com bi na tion of two at -
oms of hy dro gen and one atom of ox y gen. Gay-Lus sac also claimed it proved that a li ter of
any gas had to con tain ex actly the same num ber of at oms as a liter of any other gas, no
matter what gas it was.

These stud ies were her alded as ma jor break throughs for chem i cal study. But from his
first read ing, Pro fes sor Avo ga dro was both ered by a nag ging con tra dic tion.

Both Dal ton and Gay-Lus sac started with ex actly two li ters of hy dro gen and one li ter of
ox y gen. That’s a to tal of three li ters of gas. But they both ended with only two li ters of wa ter
va por gas. If ev ery li ter of ev ery gas has to have ex actly the same num ber of at oms, then how
could all the at oms from three li ters of gas fit into just two li ters of wa ter va por gas?

The Tu rin ca the dral bell chimed mid night be fore the an swer struck Avo ga dro’s mind.
Dal ton and Gay-Lus sac had used the wrong word. What if they had each sub sti tuted “a
group of at tached at oms” for atom?

Avo ga dro cre ated the word mol e cule (a Greek word mean ing, “to move about freely in 
a gas”) for this “group of at tached at oms.” Then he scratched out equa tions on pa per un til he 
found a way to ac count for all of the at oms and mol e cules in Dal ton’s and Gay-Lus sac’s ex -
per i ments.

If each mol e cule of hy dro gen con tained two at oms of hy dro gen, and each mol e cule of
ox y gen con tained two at oms of ox y gen, then—if each mol e cule of wa ter va por con tained
two at oms of hy dro gen and one atom of ox y gen, as both sci en tists re ported—each li ter of
hy dro gen and each li ter of ox y gen would have ex actly the same num ber of mol e cules as
each of the two re sult ing li ters of wa ter va por (even though they contained a different
number of atoms)!

And so it was that, with out ever touch ing a test tube or chem i cal ex per i ment of any
kind, with out even a back ground in chem is try, Amedeo Avo ga dro dis cov ered the ex is tence
of mol e cules and cre ated the ba sic gas law—ev ery li ter of a gas con tains the same num ber
of mol e cules of gas.

Fun Facts: The small est mol e cule is the hy dro gen mol e cule—just two
pro tons and two elec trons. DNA is the larg est known nat u rally oc cur ring
mol e cule, with over four bil lion at oms—each con tain ing a num ber of
pro tons, neu trons, and elec trons.

More to Ex plore
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Elec tro mag ne tism
Elec tro mag ne tism
ELECTROMAGNETISM

Year of Dis cov ery: 1820

What Is It? An elec tric cur rent cre ates a mag netic field and vice versa.

Who Dis cov ered It? Hans Oers ted

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Be fore 1820, the only known mag ne tism was the nat u rally oc cur ring mag ne tism of
iron mag nets and of lode stones—small, weak di rec tion find ers. Yet the mod ern world of
elec tric mo tors and elec tric gen er at ing power plants is mus cled by pow er ful elec tro mag -
nets. So is ev ery hair dryer, mixer, and wash ing ma chine. Our in dus try, homes, and lives de -
pend on elec tric mo tors—which all depend on electromagnetism.

This 1820 dis cov ery has be come one of the most im por tant for de fin ing the shape of
mod ern life. Oers ted’s dis cov ery opened the door to un dreamed of pos si bil i ties for re search
and sci en tific ad vance ment. It made pos si ble the work of elec tro mag netic gi ants such as
An dre Am pere and Michael Faraday.

How Was It Dis cov ered?
How Was It Dis cov ered?

Hans Oers ted was born in 1777 in south ern Den mark. He stud ied sci ence at the uni ver -
sity, but leaned far more to ward phi los o phy. Oers ted adopted the phi los o phy teach ings of
John Ritter, who ad vo cated a nat u ral sci ence be lief that there was unity in all nat u ral forces.
Oers ted be lieved that he could trace all nat u ral forces back to the Urkraft, or pri mary force.
When he was fi nally given a sci ence teach ing po si tion (in 1813), he fo cused his re search ef -
forts on find ing a way to trace all chem i cal re ac tions back to Urkraft in or der to cre ate a
natural unity in all of chemistry.

Re search and in ter est in elec tric ity mush roomed af ter Benjamin Frank lin’s ex per i -
ments with static elec tric ity and sparks of en ergy cre ated with Leyden jars. Then, in 1800,
Volta in vented the bat tery and the world’s first con tin u ous flow of elec tric cur rent. Elec tric -
ity be came the sci en tific won der of the world. Sixty-eight books on elec tric ity were pub -
lished between 1800 and 1820.

Only a few sci en tists sus pected that there might be a con nec tion be tween elec tric ity
and mag ne tism. In 1776 and 1777 the Ba var ian Acad emy of Sci ences of fered a prize to any -
one who could an swer the ques tion: Is there a phys i cal anal ogy be tween elec tri cal and mag -
netic force? They found no win ner. In 1808, the Lon don Sci en tific So ci ety made the same
of fer. Again there was no winner.
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In the spring of 1820, Hans Oers ted was giv ing a lec ture to one of his classes when an
amaz ing thing hap pened. He made a grand dis cov ery—the only ma jor sci en tific dis cov ery
made in front of a class of stu dents. It was a sim ple dem on stra tion for grad u ate-level stu -
dents of how elec tric cur rent heats a plat i num wire. Oers ted had not fo cused his re search on
ei ther elec tric ity or mag ne tism. Nei ther was of par tic u lar in ter est to him. Still, he hap pened
to have a nee dle mag net (a com pass nee dle) nearby on the ta ble when he conducted his
demonstration.

As soon as Oers ted con nected bat tery power to his wire, the com pass nee dle twitched
and twisted to point per pen dic u lar to the plat i num wire. When he dis con nected the bat tery,
the nee dle drifted back to its orig i nal position.

Each time he ran an elec tric cur rent through that plat i num wire, the nee dle snapped
back to its per pen dic u lar po si tion. Oers ted’s stu dents were fas ci nated. Oers ted seemed flus -
tered and shifted the talk to another topic.

Oers ted did not re turn to this amaz ing oc cur rence for three months—un til the sum mer
of 1820. He then be gan a se ries of ex per i ments to dis cover if his elec tric cur rent cre ated a
force that at tracted the com pass nee dle, or re pelled it. He also wanted to try to re late this
strange force to Urkraft.

He moved the wire above, be side, and be low the com pass nee dle. He re versed the cur rent
through his plat i num wire. He tried two wires in stead of one. With ev ery change in the wire and
cur rent, he watched for the ef fect these changes would pro duce on the com pass nee dle.

Oers ted fi nally re al ized his elec tric cur rent cre ated both an at trac tive and a re pul sive force
at the same time. Af ter months of study, he con cluded that an elec tric cur rent cre ated a mag netic 
force and that this force was a whole new type of force—rad i cally dif fer ent than any of the
forces New ton had de scribed. This force acted not along straight lines, but in a cir cle around the
wire car ry ing an elec tric cur rent. Clearly, he wrote, wires car ry ing an elec tric cur rent showed
mag netic prop er ties. The con cept of elec tro mag ne tism had been dis cov ered.

Fun Facts: The au rora bo re alis, or “north ern lights,” are an elec tro mag -
netic phe nom e non, caused when elec tri cally charged so lar par ti cles col -
lide with Earth’s mag netic field. In the South ern hemi sphere these
wav ing cur tains of light form around the south pole and are called the au -
rora aus tra lis, or “south ern lights.”

More to Ex plore
More to Ex plore
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First Di no saur Fos sil
First Di no saur Fos sil
FIRST DINOSAUR FOSSIL

Year of Dis cov ery: 1824

What Is It? The first proof that gi ant di no saurs once walked the earth.

Who Dis cov ered It? Gid eon Mantell and Wil liam Buck land

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Most peo ple (and sci en tists) as sumed that the world and its mix of plants and an i mals
had al ways been as it was when these sci en tists lived. The dis cov ery of di no saur fos sils de -
stroyed that be lief. This dis cov ery rep re sented the first proof that en tire groups of an cient—
and now ex tinct—an i mals once roamed Earth. It was the first proof that mas sive beasts (di -
no saurs) much larger than any thing that exists today once existed.

This dis cov ery was a great leap for ward for the fields of ar che ol ogy and pa le on tol ogy
—both in their knowl edge as well as in their field tech niques. Di no saurs have proved to be
the most dra matic of all rel ics from the past and have done more to ac quaint the or di nary
per son with the fact of bi o log i cal evo lu tion than anything else.

How Was It Dis cov ered?
How Was It Dis cov ered?

Peo ple had al ways found fos sil bones, but none had cor rectly iden ti fied them as ex tinct 
spe cies. In 1677 Eng lish man Rob ert Plot found what 220 years later was iden ti fied as the
end of the thigh bone of a gi ant bi ped car niv o rous di no saur. Plot gained great fame when he
claimed it was the fos sil ized tes ti cles of a gi ant and said it proved that story giants were real.

Sci ence was clearly still in the dark ages un til two Eng lish men, work ing in de pend -
ently, both wrote ar ti cles on their dis cov ery of di no saurs in 1824. They share the credit for
dis cov er ing dinosaurs.

In 1809 (50 years be fore Dar win’s dis cov ery of evo lu tion) Eng lish coun try doc tor
Gid eon Mantell lived in Lewes in the Sus sex dis trict of Eng land. While vis it ing a pa tient
one day, Mantell’s wife, Mary Ann, took a short stroll and then pre sented him with sev eral
puz zling teeth she had found. These mas sive teeth were ob vi ously from an her bi vore but
were far too large for any known an i mal. Mantell, an am a teur ge ol o gist, had been col lect ing 
fos sil rel ics of an cient land an i mals for sev eral years but could not iden tify these teeth. He
re turned to the site and cor rectly iden ti fied the rock strata as from the Me so zoic era. Thus,
the teeth had to be many millions of years old.

These teeth were not the first large bones Mantell had found, but they were the most
puz zling. Mantell took them to famed French nat u ral ist, Charles Cuvier, who thought they
came from an or di nary rhi noc eros-like an i mal. Mantell set the teeth aside.

67



In 1822 Mantell came across the teeth of an iguana and re al ized that these teeth were
ex act min ia tures of the ones he had found 13 years ear lier. Com bined with other large bones 
he had re cov ered from the site, Mantell claimed that he had dis cov ered an an cient, gi ant
rep tile that he named ig uano don (“iguana-toothed”). He ea gerly pub lished his dis cov ery in
1824.

Dur ing this same pe riod Wil liam Buck land, a pro fes sor at Ox ford Uni ver sity, had been 
col lect ing fos sils in the Stonesfield re gion of Eng land. Dur ing an 1822 out ing he dis cov ered 
the jaw and sev eral thigh bones of an an cient and gi ant crea ture. (It turned out to be the same
spe cies dis cov ered—but not iden ti fied—by Rob ert Plot 150 years before.)

Buck land de ter mined from these bones that this mon ster had been a bi ped
(two-legged) car ni vore. From the bone struc ture, Buck land claimed that it be longed to the
rep tile fam ily. Thus he named it megalosaurus (gi ant liz ard) and pub lished a pa per on it in
1824. With these two pub li ca tions the era of di no saurs had been discovered.

Fun Facts: The word di no saur co mes from the Greek words mean ing
“ter ri ble liz ard.” Lots of di no saurs were named af ter Greek words that
suited their per son al ity or ap pear ance. Velociraptor means “speedy rob -
ber” and triceratops means “three-horned head.”

More to Ex plore
More to Ex plore
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Ice Ages
Ice Ages
ICE AGES

Year of Dis cov ery: 1837

What Is It? Earth’s past in cludes pe ri ods of rad i cally dif fer ent cli mate—
ice ages—than the mild pres ent.

Who Dis cov ered It? Louis Agassiz

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

It was a rev o lu tion ary idea: Earth’s cli mate had not al ways been the same. Ev ery sci en -
tist for thou sands of years had as sumed that Earth’s cli mate had re mained un chang ing for
all time. Then Louis Agassiz dis cov ered proof that all Eu rope had once been cov ered by
crush ing gla ciers. Earth’s cli mate had not al ways been as it was now. With that dis cov ery,
Agassiz es tab lished the con cept of an ever-changing Earth.

This dis cov ery ex plained a num ber of bi o log i cal puz zles that had con founded sci en -
tists for cen tu ries. Agassiz was also the first sci en tist to re cord care ful and ex ten sive field
data to sup port and es tab lish a new the ory. Agassiz’s work did much to be gin the field of
ge ol ogy and our mod ern view of our planet’s history.

How Was It Dis cov ered?
How Was It Dis cov ered?

Louis Agassiz thought of him self as a field ge ol o gist more than as a col lege pro fes sor.
Dur ing weeks of ram bling hikes through his na tive Swiss Alps in the late 1820s he no ticed
sev eral phys i cal fea tures around the front faces of Swiss val ley gla ciers. First, gla ciers
wormed their way down val leys that were “U” shaped—with flat val ley bot toms. River val -
leys were al ways “V” shaped. At first he thought that gla ciers nat u rally formed in such val -
leys. Soon he re al ized that the gla ciers, them selves, carved val leys in this characteristic “U”
shape.

Next he no ticed hor i zon tal gouges and scratches in the rock walls of these gla cier val -
leys—of ten a mile or more in front of the ac tual gla cier. Fi nally, he be came aware that many 
of these val leys fea tured large boul ders and rock piles rest ing in the lower end of the val ley
where no known force or pro cess could have deposited them.

Soon Agassiz re al ized that the moun tain gla ciers he stud ied must have been much big -
ger and lon ger in the past and that they, in some dis tant past, had gouged out the val leys, car -
ried the rocks that scored the val leys’ rock walls leav ing claw-mark scratches, and
de pos ited gi ant boul ders at their ancient heads.
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In the early 1830s Agassiz toured Eng land and the north ern Eu ro pean low lands. Here,
too, he found “U”-shaped val leys, hor i zon tal gouges, and scratch marks in val ley rock
walls, and gi ant boul ders mys te ri ously perched in the lower val ley reaches.

It looked like the sig na ture of gla ciers he had come to know from his Swiss stud ies.
But there were no gla ciers for hun dreds of miles in any di rec tion. By 1835, the awe-in spir -
ing truth hit him. In some past age, all Eu rope must have been cov ered by gi ant gla ciers. The 
past must have been rad i cally dif fer ent than the pres ent. Cli mate was not always the same.

In or der to claim such a rev o lu tion ary idea, he had to prove it. Agassiz and sev eral
hired as sis tants spent two years sur vey ing Al pine gla ciers and doc u ment ing the pres ence of
the tell tale signs of past glaciers.

When Agassiz re leased his find ings in 1837, ge ol o gists world wide were awed. Never
be fore had a re searcher gath ered such ex ten sive and de tailed field data to sup port a new
theory. Be cause of the qual ity of his field data, Agassiz’s con clu sions were immediately
ac cepted—even though they rad i cally changed all ex ist ing the o ries of Earth’s past.

Agassiz cre ated a vivid pic ture of ice ages and proved that they had ex isted. But it was
Yu go sla vian phys i cist Milutin Milankovich, in 1920, who ex plained why they hap pened.
Milankovich showed that Earth’s or bit is nei ther cir cu lar, nor does it re main the same year
af ter year and cen tury af ter cen tury. He proved that Earth’s or bit os cil lates be tween be ing
more elon gated and be ing more cir cu lar on a 40,000-year cy cle. When its or bit pulled the
earth a lit tle far ther away from the sun in win ter, ice ages hap pened. NASA sci en tists con -
firmed this the ory with re search conducted between 2003 and 2005.

Fun Facts: Dur ing the last ice age the North Amer i can gla cier spread
south to where St. Louis now sits and was over a mile thick over Min ne -
sota and the Da ko tas. So much ice was locked into these vast gla ciers that 
sea level was al most 500 feet lower than it is to day.

More to Ex plore
More to Ex plore
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Cal o ries (Units of En ergy)
CALORIES (Units of En ergy)

Year of Dis cov ery: 1843

What Is It? All forms of en ergy and me chan i cal work are equiv a lent and can
be con verted from one form to an other.

Who Dis cov ered It? James Joule

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

We now know that me chan i cal work, elec tric ity, mo men tum, heat, mag netic force,
etc., can be con verted from one to an other. There is al ways a loss in the pro cess, but it can be 
done. That knowl edge has been a tre men dous help for the de vel op ment of our in dus tries
and tech nol o gies. Only 200 years ago, the thought had not occurred to anyone.

James Joule dis cov ered that ev ery form of en ergy could be con verted into an equiv a -
lent amount of heat. In so do ing, he was the first sci en tist to come to grips with the gen eral
con cept of en ergy and of how dif fer ent forms of en ergy are equiv a lent to each other. Joule’s 
dis cov ery was an es sen tial foun da tion for the dis cov ery (40 years later) of the law of con ser -
va tion of en ergy and for the de vel op ment of the field of thermodynamics.

How Was It Dis cov ered?
How Was It Dis cov ered?

Born on Christ mas eve, 1818, James Joule grew up in a wealthy brew ing fam ily in
Lancashire, Eng land. He stud ied sci ence with pri vate tu tors and, at the age of 20, started to
work in the fam ily brew ery.

Joule’s first self-ap pointed job was to see if he could con vert the brew ery from steam
power to new, “mod ern” elec tric power. He stud ied en gines and en ergy sup plies. He stud -
ied elec tri cal en ergy cir cuits and was fas ci nated to find that the elec tri cal wires grew hot
when cur rent ran through them. He re al ized that some of the elec tri cal en ergy was be ing
converted into heat.

He felt it was im por tant for him to quan tify that elec tri cal en ergy loss and be gan ex per -
i ments on how en ergy was con verted from elec tric ity to heat. Of ten he ex per i mented with
lit tle re gard for safety—his or oth ers. More than once, a ser vant girl col lapsed un con scious
from elec tri cal shocks dur ing these ex per i ments. While he never con verted the brew ery to
elec tri cal power, these ex per i ments turned his fo cus to the pro cess of con vert ing energy
from one form to another.

Joule was deeply re li gious, and it seemed right to him that there should be a unity for
all the forces of na ture. He sus pected that heat was some how the ul ti mate and nat u ral form
for cal cu lat ing the equiv a lence of dif fer ent forms of energy.
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Joule turned his at ten tion to the con ver sion of me chan i cal en ergy into heat. In real life
a mov ing body (with the me chan i cal en ergy of mo men tum) even tu ally stopped. What hap -
pened to its en ergy? He de signed a se ries of ex per i ments us ing wa ter to mea sure the con ver -
sion of me chan i cal motion into heat.

Two of Joule’s ex per i ments be came fa mous. First, he sub merged an air-filled cop per
cyl in der in a tub of wa ter and mea sured the wa ter tem per a ture. He then pumped air into the
cyl in der un til it reached 22 at mo spheres of pres sure. The gas law said that the me chan i cal
work to cre ate this in creased air pres sure should cre ate heat. But would it? Joule mea sured a
0.285°F rise in wa ter tem per a ture. Yes, me chan i cal energy had been converted to heat.

Next, Joule at tached pad dles onto a ver ti cal shaft that he low ered into a tub of wa ter.
Fall ing weights (like on a grand fa ther clock) spun the pad dles through the tub’s wa ter. This
me chan i cal ef fort should be par tially con verted to heat. But was it?

His re sults were in con clu sive un til Joule switched from wa ter to liq uid mer cury. With
this denser fluid, he eas ily proved that the me chan i cal ef fort was con verted to heat at a fixed
rate. Liq uid was heated by merely stir ring it.

Joule re al ized that all forms of en ergy could be con verted into equiv a lent amounts of
heat. He pub lished these re sults in 1843 and in tro duced stan dard heat en ergy units to use for 
cal cu lat ing these equiv a lences. Since then, phys i cists and chem ists typ i cally use these units
and have named them joules. Bi ol o gists pre fer to use an al ter nate unit called the cal o rie
(4.18 joules = 1 cal o rie). With this dis cov ery that any form of en ergy could be con verted
into an equiv a lent amount of heat en ergy, Joule pro vided a way to ad vance the study of
energy, mechanics, and technologies.

Fun Facts: The cal o ries on a food pack age are ac tu ally kilocalories, or
units of 1,000 cal o ries. A kilocalorie is 1,000 times larger than the cal o rie 
used in chem is try and phys ics. A cal o rie is the amount of en ergy needed
to raise the tem per a ture of 1 gram of wa ter 1 de gree Cel sius. If you burn
up 3,500 cal o ries dur ing ex er cise, you will have burned up and lost one
pound. How ever, even vig or ous ex er cise rarely burns more than 1,000
cal o ries per hour.

More to Ex plore
More to Ex plore
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Con ser va tion of En ergy
Con ser va tion of En ergy
CONSERVATION OF ENERGY

Year of Dis cov ery: 1847

What Is It? En ergy can nei ther be cre ated nor lost. It may be con verted from
one form to an other, but the to tal en ergy al ways re mains con stant within a
closed sys tem.

Who Dis cov ered It? Hermann von Helmholtz

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

En ergy is never lost. It can change from one form to an other, but the to tal amount of
en ergy never changes. That prin ci ple has al lowed sci en tists and en gi neers to cre ate the
power sys tems that run your lights and house and fuel your car. It’s called con ser va tion of
en ergy and is one of the most im por tant dis cov er ies in all sci ence. It has been called the
most fun da men tal con cept of all na ture. It forms the first law of ther mo dy nam ics. It is the
key to un der stand ing en ergy con ver sion and the interchangeability of dif fer ent forms of en -
ergy. When Hermann von Hemholtz as sem bled all of the stud ies and in di vid ual pieces of
in for ma tion to dis cover this prin ci ple, he changed science and engineering forever.

How Was It Dis cov ered?
How Was It Dis cov ered?

Born in 1821 in Potsdam, Ger many, Hermann von Hemholtz grew up in a fam ily of
gold mer chants. At the age of 16, he took a gov ern ment schol ar ship to study med i cine in ex -
change for 10 years of ser vice in the Prus sian Army. Of fi cially he stud ied to be a doc tor at
the Berlin Med i cal In sti tute. How ever, he of ten slipped over to Berlin Uni ver sity to at tend
classes on chem is try and physiology.

While serv ing in the army, he de vel oped a re search spe cialty: prov ing that the work
mus cles did was de rived from chem i cal and phys i cal prin ci ples and not from some “un spec -
i fied vi tal force.” Many re search ers used “vi tal forces” as a way to ex plain any thing they
could n’t re ally ex plain. It was as if these “vi tal forces” could per pet u ally cre ate energy out
of nothing.

Helmholtz wanted to prove that all mus cle-driven mo tion could be ac counted for by
study ing phys i cal (me chan i cal) and chem i cal re ac tions within the mus cles. He wanted to
dis credit the “vi tal force” the ory. Dur ing this ef fort, he de vel oped a deep be lief in the con -
cept of con ser va tion of ef fort and en ergy. (No work could be cre ated with out com ing from
some where or lost with out go ing some where.)

He stud ied math e mat ics in or der to better de scribe the con ver sion of chem i cal en ergy
into ki netic en ergy (mo tion and work) and the con ver sion of phys i cal mus cle changes into
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work in or der to prove that all work could be ac counted for by these nat u ral, physical
processes.

Helmholtz was able to prove that work could not be con tin u ally pro duced from “noth -
ing.” That dis cov ery led him to form the prin ci ple of con ser va tion of ki netic energy.

He de cided to ap ply this prin ci ple of con ser va tion to a va ri ety of dif fer ent sit u a tions.
To do that, he stud ied the many pieces that had been dis cov ered by other sci en tists—James
Joule, Jul ius Mayer, Pi erre Laplace, Antoine Lavoisier, and oth ers who had stud ied ei ther
the con ver sion of one form of en ergy into an other or the con ser va tion of spe cific kinds of
en ergy (momentum, for example).

Helmholtz aug mented ex ist ing stud ies with his own ex per i ments to show that, time
and time again, en ergy was never lost. It might be con verted into heat, sound, or light, but it
could al ways be found and ac counted for.

In 1847 Helmholtz re al ized that his work proved the gen eral the ory of con ser va tion of
en ergy: The amount of en ergy in the uni verse (or in any closed sys tem) al ways re mained con -
stant. It could change be tween forms (elec tric ity, mag ne tism, chem i cal en ergy, ki netic en -
ergy, light, heat, sound, po ten tial en ergy, or mo men tum), but could nei ther be lost nor cre ated.

The great est chal lenge to Helmholtz’s the ory came from as tron o mers who stud ied the
sun. If the sun didn’t cre ate light and heat en ergy, where did the vast amounts of en ergy it
ra di ated come from? It could n’t be burn ing it own mat ter as would a nor mal fire. Sci en tists
had al ready shown that the sun would con sume it self within 20 mil lion years if it ac tu ally
burned its mass to create light and heat.

It took Helmholtz five years to re al ize that the an swer was grav ity. Slowly the sun was
col laps ing in on it self, and that grav i ta tional force was be ing con verted into light and heat.
His an swer was ac cepted (for 80 years—un til nu clear en ergy was dis cov ered). More im por -
tant, the crit i cal con cept of con ser va tion of en ergy had been discovered and accepted.

Fun Facts: Con ser va tion of en ergy plus the Big Bang tell us that all of
the en ergy that ever was or ever will be any where in the uni verse was
pres ent at the mo ment of the Big Bang. All of the fire and heat burn ing in
ever star, all of the fire and en ergy in ev ery vol cano, all of the en ergy in
the mo tion of ev ery planet, comet, and star—all of it was re leased at the
mo ment of the Big Bang. Now that must have been one BIG ex plo sion!

More to Ex plore
More to Ex plore
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Dopp ler Ef fect
Dopp ler Ef fect
DOPPLER EFFECT

Year of Dis cov ery: 1848

What Is It? Sound- and light-wave fre quen cies shift higher or lower de pend -
ing on whether the source is mov ing to ward or away from the ob server.

Who Dis cov ered It? Chris tian Dopp ler

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

The Dopp ler Ef fect is one of the most pow er ful and im por tant con cepts ever dis cov -
ered for as tron omy. This dis cov ery al lowed sci en tists to mea sure the speed and di rec tion of
stars and gal ax ies many mil lions of light years away. It un locked mys ter ies of dis tant gal ax -
ies and stars and led to the dis cov ery of dark mat ter and of the ac tual age and mo tion of the
uni verse. Dopp ler’s dis cov ery has been used in re search ef forts of a dozen sci en tific fields.
Few sin gle con cepts have ever proved more use ful. Dopp ler’s dis cov ery is con sid ered to be
so fun da men tal to sci ence that it is in cluded in vir tu ally all middle and high school basic
science courses.

How Was It Dis cov ered?
How Was It Dis cov ered?

Aus trian-born Chris tian Dopp ler was a strug gling math e mat ics teacher—strug gling
both be cause he was too hard on his stu dents and earned the wrath of par ents and ad min is -
tra tors and be cause he wanted to fully un der stand the ge om e try and math e mat i cal con cepts
he taught. He drifted in and out of teach ing po si tions through the 1820s and 1830s as he
passed through his twen ties and thir ties. Dopp ler was lucky to land a math teach ing slot at
Vi enna Polytechnic Institute in 1838.

By the late 1830s, trains ca pa ble of speeds in ex cess of 30 mph were dash ing across the 
coun try side. These trains made a sound phe nom e non no tice able for the first time. Never be -
fore had hu mans trav eled faster than the slow trot of a horse. Trains al lowed peo ple to no tice 
the ef fect of an ob ject’s move ment on the sounds that object produced.

Dopp ler in tently watched trains pass and be gan to the o rize about what caused the
sound shifts he ob served. By 1843 Dopp ler had ex panded his ideas to in clude light waves
and de vel oped a gen eral the ory that claimed that an ob ject’s move ment ei ther in creased or
de creased the fre quency of sound and light it pro duced as mea sured by a sta tion ary ob -
server. Dopp ler claimed that this shift could ex plain the red and blue tinge to the light of dis -
tant twin stars. (The twin cir cling to ward Earth would have its light shifted to a higher
fre quency—to ward blue. The other, cir cling away, would shift lower, toward red.)
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In a pa per he pre sented to the Bo he mian Sci en tific So ci ety in 1844, Dopp ler pre sented
his the ory that the mo tion of ob jects mov ing to ward an ob server com presses sound and light 
waves so that they ap pear to shift to a higher tone and to a higher fre quency color (blue).
The re verse hap pened if the ob ject was mov ing away (a shift to ward red). He claimed that
this ex plained the of ten ob served red and blue tinge of many dis tant stars’ light. Ac tu ally, he 
was wrong. While tech ni cally cor rect, this shift would be too small for the in stru ments of
his day to detect.

Dopp ler was chal lenged to prove his the ory. He could n’t with light be cause tele scopes
and mea sur ing equip ment were not so phis ti cated enough. He de cided to dem on strate his
prin ci ple with sound.

In his famed 1845 ex per i ment, he placed mu si cians on a rail way train play ing a sin gle
note on their trum pets. Other mu si cians, cho sen for their per fect pitch, stood on the sta tion
plat form and wrote down what note they heard as the train ap proached and then re ceded.
What the lis ten ers wrote down was con sis tently first slightly higher and then slightly lower
than what the mov ing mu si cians actually played.

Dopp ler re peated the ex per i ment with a sec ond group of trum pet play ers on the sta tion
plat form. They and the mov ing mu si cians played the same note as the train passed. Lis ten -
ers could clearly hear that the notes sounded dif fer ent. The mov ing and sta tion ary notes
seemed to in ter fere with each other, set ting up a pulsing beat.

Hav ing proved the ex is tence of his ef fect, Dopp ler named it the Dopp ler Shift. How -
ever, he never en joyed the fame he sought. He died in 1853 just as the sci en tific com mu nity
was be gin ning to ac cept, and to see the value of, his discovery.

Fun Facts: Dopp ler shifts have been used to prove that the uni verse is
ex pand ing. A con ve nient anal ogy for the ex pan sion of the uni verse is a
loaf of unbaked rai sin bread. The rai sins are at rest rel a tive to one an other 
in the dough be fore it is placed in the oven. As the bread rises, it also ex -
pands, mak ing the space be tween the rai sins in crease. If the rai sins could
see, they would ob serve that all the other rai sins were mov ing away from
them al though they them selves seemed to be sta tion ary within the loaf.
Only the dough—their “uni verse”—is ex pand ing.

More to Ex plore
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Germ The ory
Germ The ory
GERM THEORY

Year of Dis cov ery: 1856

What Is It? Mi cro or gan isms too small to be seen or felt ex ist ev ery where in
the air and cause dis ease and food spoil age.

Who Dis cov ered It? Louis Pas teur

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Yo gurt and other dairy prod ucts soured and cur dled in just a few days. Meat rot ted af -
ter a short time. Cow’s and goat’s milk had al ways been drunk as fresh milk. The con sumer
had to be near the an i mal since milk soured and spoiled in a day or two.

Then Louis Pas teur dis cov ered that mi cro scopic or gan isms floated ev ery where in the
air, un seen. It was these mi cro or gan isms that turned food into deadly, dis ease-rid den gar -
bage. It was these same mi cro scopic or gan isms that en tered hu man flesh dur ing op er a tions
and through cuts to cause in fec tion and dis ease. Pas teur dis cov ered the world of mi cro bi ol -
ogy and de vel oped the the ory that germs cause dis ease. He also in vented pas teur iza tion, a
sim ple method for removing these organisms from liquid foods.

How Was It Dis cov ered?
How Was It Dis cov ered?

In the fall of 1856, 38-year-old Louis Pas teur was in his fourth year as Di rec tor of Sci -
en tific Af fairs at the famed Ecole Normale in Paris. It was an hon ored ad min is tra tive po si -
tion. But Pas teur’s heart was in pure re search chem is try and he was angry.

Many sci en tists be lieved that mi cro or gan isms had no par ent or gan ism. In stead, they
spon ta ne ously gen er ated from the de cay ing mol e cules of or ganic mat ter to spoil milk and
rot meat. Fe lix Pouchet, the lead ing spokes man for this group, and had just pub lished a pa -
per claim ing to prove this thesis.

Pas teur thought Pouchet’s the ory was rub bish. Pas teur’s ear lier dis cov ery that mi cro -
scopic live or gan isms (bac te ria called yeasts) were al ways pres ent dur ing, and seemed to
cause, the fer men ta tion of beer and wine, made Pas teur sus pect that mi cro or gan isms lived
in the air and sim ply fell by chance onto food and all liv ing mat ter, rap idly mul ti ply ing only
when they found a de cay ing substance to use as nutrient.

Two ques tions were at the cen ter of the ar gu ment. First, did liv ing mi crobes re ally
float in the air? Sec ond, was it pos si ble for mi crobes to grow spon ta ne ously (in a ster ile en -
vi ron ment where no mi crobes already existed)?

Pas teur heated a glass tube to ster il ize both the tube and the air in side. He plugged the
open end with guncotton and used a vac uum pump to draw air through the cot ton fil ter and
into this ster ile glass tube.

77



Pas teur rea soned that any mi crobes float ing in the air should be con cen trated on the
out side of the cot ton fil ter as air was sucked through. Bac te rial growth on the fil ter in di cated 
mi crobes float ing freely in the air. Bac te rial growth in the ster ile in te rior of the tube meant
spon ta ne ous generation.

Af ter 24 hours the out side of his cot ton wad turned dingy gray with bac te rial growth
while the in side of the tube re mained clear. Ques tion num ber 1 was an swered. Yes, mi cro -
scopic or gan isms did ex ist, float ing, in the air. Any time they con cen trated (as on a cot ton
wad) they be gan to multiply.

Now for ques tion num ber 2. Pas teur had to prove that mi cro scopic bac te ria could not
spon ta ne ously gen er ate.

Pas teur mixed a nu tri ent-rich bul lion (a fa vor ite food of hun gry bac te ria) in a large
beaker with a long, curv ing glass neck. He heated the beaker so that the bul lion boiled and
the glass glowed. This killed any bac te ria al ready in the bul lion or in the air in side the
beaker. Then he quickly stoppered this ster ile beaker. Any growth in the beaker now had to
come from spon ta ne ous generation.

He slid the beaker into a small warm ing oven, used to speed the growth of bac te rial
cul tures.

Twenty-four hours later, Pas ture checked the beaker. All was crys tal clear. He checked ev ery 
day for eight weeks. Noth ing grew at all in the beaker. Bac te ria did not spon ta ne ously gen er ate.

Pas teur broke the beaker’s neck and let nor mal, un ster il ized air flow into the beaker.
Seven hours later he saw the first faint tufts of bac te rial growth. Within 24 hours, the sur face 
of the bul lion was cov ered.

Pouchet was wrong. With out the orig i nal air borne mi crobes float ing into con tact with
a nu tri ent, there was no bac te rial growth. They did not spon ta ne ously generate.

Pas teur tri um phantly pub lished his dis cov er ies. More im por tant, his dis cov ery gave
birth to a brand new field of study, mi cro bi ol ogy.

Fun Facts: The typ i cal house hold sponge holds as many as 320 mil lion
dis ease-caus ing germs.

More to Ex plore
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The The ory of Evo lu tion
The The ory of Evo lu tion
THE THEORY OF EVOLUTION

Year of Dis cov ery: 1858

What Is It? Spe cies evolve over time to best take ad van tage of their sur round ing 
en vi ron ment, and those spe cies most fit for their en vi ron ment sur vive best.

Who Dis cov ered It? Charles Dar win

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Dar win’s the ory of evo lu tion and its con cept of sur vival of the fit test is the most fun da -
men tal and im por tant dis cov ery of mod ern bi ol ogy and ecol ogy. Dar win’s dis cov er ies are
150 years old and are still the foun da tion of our un der stand ing of the his tory and evo lu tion
of plant and animal life.

Dar win’s dis cov ery an swered count less mys ter ies for an thro pol ogy and pa le on tol ogy.
It made sense out of the wide dis tri bu tion and spe cial de sign of spe cies and sub spe cies on
Earth. While it has al ways stirred con tro versy and op po si tion, Dar win’s the ory has been
ver i fied and sup ported by moun tains of care ful sci en tific data over the past 150 years. His
books were best sell ers in his day and they are still widely read today.

How Was It Dis cov ered?
How Was It Dis cov ered?

Charles Dar win en tered Cam bridge Uni ver sity in 1827 to be come a priest, but
switched to ge ol ogy and bot any. He grad u ated in 1831 and, at age 22, took a po si tion as nat -
u ral ist aboard the HMS Beagle bound from Eng land for South Amer ica and the Pacific.

The Beagle’s three-year voy age stretched into five. Dar win for ever mar veled at the
un end ing va ri ety of spe cies in each place the ship vis ited. But it was their ex tended stop at
the Pa cific Ocean Galapagos Is lands that fo cused Dar win’s won der into a new discovery.

On the first is land in the chain he vis ited (Chat ham Is land), Dar win found two dis tinct
spe cies of tor toise—one with long necks that ate leaves from trees, and one with short necks 
that ate ground plants. He also found four new spe cies of finches (small, yel low birds com -
mon across much of Eu rope). But these had dif fer ently shaped beaks from their Eu ro pean
cousins.

The Beagle reached the third Galapagos Is land (James Is land) in Oc to ber 1835. Here,
right on the equa tor, no day or sea son seemed any dif fer ent than any other.

As he did ev ery day on shore, Dar win hoisted his back pack with jars and bags for col -
lect ing sam ples, a note book for re cord ing and sketch ing, and his nets and traps and set off
across the fright ful land scape through twisted fields of crunchy black lava thrown up into
gi ant, rag ged waves. Gap ing fis sures from which dense steam and nox ious yel low va pors
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hissed from deep in the rock blocked his path. The bro ken lava was cov ered by stunted, sun -
burned brush wood that looked far more dead than alive.

In a grove of trees filled with chirp ing birds, Dar win found his thir teenth and four -
teenth new spe cies of finches. Their beaks were larger and rounder than any he’d seen on
other is lands. More im por tant, these finches ate small red ber ries.

Ev ery where else on Earth finches ate seeds. In these is lands some finches ate seeds,
some in sects, and some ber ries! More amaz ingly, each spe cies of finch had a beak per fectly
shaped to gather the spe cific type of food that spe cies pre ferred to eat.

Dar win be gan to doubt the Chris tian teach ing that God cre ated each spe cies just as it
was and that spe cies were un chang ing. He de duced that, long ago, one va ri ety of finch ar -
rived in the Galapagos from South Amer ica, spread out to the in di vid ual is lands, and then
adapted (evolved) to best sur vive in its par tic u lar en vi ron ment and with its par tic u lar
sources of food. These find ings he re ported in his book, A Nat u ral ist’s Voy age on the
Beagle.

 Af ter his re turn to Eng land, Dar win read the col lected es says of econ o mist Thomas
Mal thus, who claimed that, when hu man pop u la tions could not pro duce enough food, the
weak est peo ple starved, died of dis ease, or were killed in fight ing. Only the strong sur vived. 
Dar win re al ized that this con cept should ap ply to the animal world as well.

He blended this idea with his ex pe ri ences and ob ser va tions on the Beagle to con clude
that all spe cies evolved to better en sure spe cies sur vival. He called it nat u ral selection.

A shy and pri vate man, Dar win ag o nized for years about re veal ing his the o ries to the
pub lic. Other nat u ral ists fi nally con vinced him to pro duce and pub lish Or i gin of Spe cies.
With that book, Dar win’s dis cov er ies and the ory of evo lu tion be came the guid ing light of
biological sciences.

Fun Facts: Bats, with their ul tra sonic echolocation, have evolved the
most acute hear ing of any ter res trial an i mal. With it, bats can de tect in -
sects the size of gnats and ob jects as fine as a hu man hair.
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Atomic Light Sig na tures
Atomic Light Sig na tures
ATOMIC LIGHT SIGNATURES

Year of Dis cov ery: 1859

What Is It? When heated, ev ery el e ment ra di ates light at very spe cific and
char ac ter is tic fre quen cies.

Who Dis cov ered It? Gustav Kirchhoff and Rob ert Bun sen

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Twenty new el e ments (be gin ning with the dis cov ery of ce sium in 1860) were dis cov ered 
us ing one chem i cal anal y sis tech nique. That same tech nique al lows as tron o mers to de ter mine
the chem i cal com po si tion of stars mil lions of light years away. It also al lowed phys i cists to
un der stand our sun’s atomic fires that pro duce heat and light. That same tech nique al lows
other as tron o mers to cal cu late the ex act speed and mo tion of dis tant stars and gal ax ies.

That one tech nique is spec tro graphic anal y sis, the dis cov ery of Kirchhoff and Bun sen,
which an a lyzes the light emit ted from burn ing chem i cals or from a dis tant star. They dis cov -
ered that each el e ment emits light only at its own spe cific fre quen cies. Spec trog ra phy pro -
vided the first proof that the el e ments of Earth are also found in other heav enly bod ies—that
Earth was not chem i cally unique in the uni verse. Their tech niques are rou tinely used by sci en -
tists in vir tu ally ev ery field of sci ence in the bi o log i cal, phys i cal, and earth sci ences.

How Was It Dis cov ered?
How Was It Dis cov ered?

In 1814, Ger man as tron o mer Jo seph Fraun hofer dis cov ered that the sun’s en ergy was
not ra di ated evenly in all fre quen cies of the light spec trum, but rather was con cen trated in
spikes of en ergy at cer tain spe cific fre quen cies. Some thought it in ter est ing, none thought it
im por tant. The idea lay dormant for 40 years.

Gustav Kirchhoff (born in 1824) was an en er getic Pol ish phys i cist who barely stood
five feet in height. Through the mid-1850s he fo cused his re search on elec tri cal cur rents at
the Uni ver sity of Breslau. In 1858, while help ing an other pro fes sor with a side pro ject,
Kirchhoff noted bright lines in the light spec trum pro duced by flames and re called hav ing
read about a sim i lar oc cur rence in Fraun hofer’s ar ti cles. Upon in ves ti ga tion, Kirchhoff
found that the bright spots (or spikes) in the light from his flame stud ies were at the ex act
same fre quency and wave lengths that Fraun hofer had detected in solar radiation.

Kirchhoff pon dered what this could mean and was struck by what turned out to be a
bril liant in sight: use a prism to sep a rate any light beam he wanted to study into its con stit u -
ent parts (in stead of peer ing at it through a se quence of col ored glass fil ters as was the cus -
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tom of the day). Kirchhoff be lieved that this would let him find spikes in the ra di a tion
com ing from any burning gas.

How ever, the scheme did not work well. The flame he used to heat his gas ses was too
bright and in ter fered with his ob ser va tions.

En ter Rob ert Bun sen, the Ger man-born chem ist. In 1858, 47-year-old Bun sen had
been de vel op ing photochemistry—the study of light given off by burn ing el e ments. Dur ing
this work, Bun sen had in vented a new kind of burner in which air and gas were mixed prior
to burn ing. This burner (which we still use and call a Bun sen burner) pro duced an ex tremely 
hot (over 2700°F) flame that pro duced very little light.

Kirchhoff and Bun sen con nected at the Uni ver sity of Hei del berg in 1859. Stand ing to -
gether, Kirchhoff barely reached Bun sen’s shoul der. The pair com bined Kirchhoff’s prism
idea with Bun sen’s burner and spent six months to de sign and build the first spec tro graph (a
de vice to burn chem i cal sam ples and use a prism to sep a rate the light they pro duced into a
spec trum of in di vid ual frequencies).

They be gan to cat a log the spec tral lines (spe cific fre quen cies where each el e ment ra di -
ated its light en ergy) of each known el e ment and dis cov ered that each and ev ery el e ment al -
ways pro duced the same “sig na ture” set of spec tral lines that uniquely iden ti fied the
pres ence of that element.

Armed with this dis cov ery and their cat a log of each el e ment’s char ac ter is tic spec tral
lines, Kirchhoff and Bun sen made the first com plete chem i cal anal y sis of sea wa ter and of
the sun—prov ing that hy dro gen, he lium, so dium, and half-a-dozen other trace el e ments
com mon on Earth ex isted in the sun’s at mo sphere. This proved for the first time that Earth
was not chem i cally unique in the universe.

Kirchhoff and Bun sen had given sci ence one of its most ver sa tile and flex i ble an a lyt i -
cal tools and had dis cov ered a way to de ter mine the com po si tion of any star with the same
ac cu racy as we de ter mine sul fu ric acid, chlo rine, or any other compound.

Fun Facts: Kirchhoff and Bun sen used their spec tro graph to dis cover
two new el e ments: ce sium in 1860 (they chose that name be cause ce sium 
means “sky blue,” the color of its spec tro graph flame) and ru bid ium in
1861. This el e ment has a bright red line in its spec tro graph. Ru bid ium co -
mes from the Latin word for red.

More to Ex plore
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Elec tro mag netic Ra di a tion/
Ra dio Waves

Elec tro mag netic Ra di a tion/Ra dio Waves
ELECTROMAGNETIC RADIATION/RADIO WAVES

Year of Dis cov ery: 1864

What Is It? All elec tric and mag netic en ergy waves are part of the one elec tro -
mag netic spec trum and fol low sim ple math e mat i cal rules.

Who Dis cov ered It? James Clerk Maxwell

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Through out most of the nine teenth cen tury, peo ple thought that elec tric ity, mag ne -
tism, and light were three sep a rate, un re lated things. Re search pro ceeded from that as sump -
tion. Then Maxwell dis cov ered that they are all the same—forms of elec tro mag netic
ra di a tion. It was a star tlingly grand dis cov ery, of ten called the great est dis cov ery in phys ics
in the nine teenth cen tury. Maxwell did for elec tro mag netic ra di a tion what New ton did for
grav ity—gave sci ence math e mat i cal tools to understand and use that natural force.

Maxwell uni fied mag netic and elec tri cal en ergy, cre ated the term elec tro mag netic ra -
di a tion, and dis cov ered the four sim ple equa tions that gov ern the be hav ior of elec tri cal and
mag netic fields. While de vel op ing these equa tions, Maxwell dis cov ered that light was part
of the elec tro mag netic spec trum and pre dicted the ex is tence of ra dio waves, X-rays, and
gamma rays.

How Was It Dis cov ered?
How Was It Dis cov ered?

James Clerk was born in 1831 in Ed in burgh, Scot land. The fam ily later added the
name Maxwell. James sailed eas ily through his uni ver sity school ing to earn top hon ors and
a de gree in math e mat ics. He held var i ous pro fes sor ships in math and phys ics thereafter.

As a math e ma ti cian, Maxwell ex plored the world—and the uni verse—through math e -
matic equa tions. His chose the rings of Sat urn as the sub ject of his first ma jor study.
Maxwell used math e mat ics to prove that these rings could n’t be solid disks, nor could they
con sist of gas. His equa tions showed that they must con sist of count less small, solid par ti -
cles. A cen tury later, as tron o mers proved him to be correct.

Maxwell turned his at ten tion to gas ses and stud ied the math e mat i cal re la tion ships that
gov erned the mo tion of rap idly mov ing gas par ti cles. His re sults in this study com pletely re -
vised sci ence’s ap proach to study ing the re la tion ship be tween heat (tem per a ture) and gas
motion.
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In 1860 he turned his at ten tion to early elec tri cal work by Mi chael Far a day. Far a day
in vented the elec tric mo tor by dis cov er ing that a spin ning metal disk in a mag netic field cre -
ated an elec tric cur rent and that a chang ing elec tric cur rent also changed a mag netic field
and could cre ate physical motion.

Maxwell de cided to math e mat i cally ex plore the re la tion ship be tween elec tric ity and
mag ne tism and the “elec tri cal and mag netic lines of force” that Far a day had discovered.

As Maxwell searched for math e mat i cal re la tion ships be tween var i ous as pects of elec tric -
ity and mag ne tism, he de vised ex per i ments to test and con firm each of his re sults. By 1864 he
had de rived four sim ple equa tions that de scribed the be hav ior of elec tri cal and mag netic fields
and their in ter re lated na ture. Os cil lat ing (chang ing) elec tri cal fields (ones whose elec tri cal cur -
rent rap idly shifted back and forth) pro duced mag netic fields and vice versa.

The two types of en ergy were in te grally con nected. Maxwell re al ized that elec tric ity and
mag ne tism were sim ply two ex pres sions of a sin gle en ergy stream and named it elec tro mag -
netic en ergy. When he first pub lished these equa tions and his dis cov er ies in an 1864 ar ti cle,
phys i cists in stantly rec og nized the in cred i ble value and mean ing of Maxwell’s four equa tions.

Maxwell con tin ued to work with his set of equa tions and re al ized that—as long as the
elec tri cal source os cil lated at a high enough fre quency—the elec tro mag netic en ergy waves
it cre ated could and would fly through the open air—with out con duct ing wires to travel
along. This was the first pre dic tion of radio waves.

He cal cu lated the speed at which these elec tro mag netic waves would travel and found
that it matched the best cal cu la tions (at that time) of the speed of light. From this, Maxwell
re al ized that light it self was just an other form of elec tro mag netic ra di a tion. Be cause elec tri -
cally charged cur rents can os cil late at any fre quency, Maxwell re al ized that light was only a
tiny part of a vast and con tin u ous spec trum of electromagnetic radiation.

Maxwell pre dicted that other forms of elec tro mag netic ra di a tion along other parts of
this spec trum would be found. As he pre dicted, X-rays were dis cov ered in 1896 by Wil helm 
Roent gen. Eight years be fore that dis cov ery, Hein rich Hertz con ducted ex per i ments fol -
low ing Maxwell’s equa tions to see if he could cause elec tro mag netic ra di a tion to fly
through the air (trans mit through space in the form of waves of en ergy). He eas ily cre ated
and de tected the world’s first ra dio waves, con firm ing Maxwell’s equations and
predictions.

Fun Facts: As tron o mers have con cluded that the most ef fi cient way of
mak ing con tact with an in tel li gent civ i li za tion or bit ing an other star is to use
ra dio waves. How ever, there are many nat u ral pro cesses in the uni verse that
pro duce ra dio waves. If we could trans late those nat u rally pro duced ra dio
waves into sound, they would sound like static we hear on a ra dio. In the
search for in tel li gent life, as tron o mers use mod ern com put ers to dis tin guish
be tween a “sig nal” (pos si ble mes sage) and the “noise” (static).
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He red ity
HEREDITY
HEREDITY

Year of Dis cov ery: 1865

What Is It? The nat u ral sys tem that passes traits and char ac ter is tics from one
gen er a tion to the next.

Who Dis cov ered It? Gregor Men del

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Gregor Men del con ducted the first se ri ous study of he red ity. His find ings, his meth -
ods, and his dis cov er ies laid the foun da tion for the field of ge net ics and the study of genes
and he red ity. The dis cov er ies of genes, chro mo somes, DNA, and the de cod ing of the hu -
man ge nome (com pleted in 2003) are all di rect descendents of Men del’s work. The med i cal
break throughs in the fights to cure doz ens of dis eases are off shoots of the work begun by
Gregor Mendel.

Fi nally, Men del’s dis cov ery, it self, pro vided great in sights into the role of in her ited
traits and into the ways those traits are passed form gen er a tion to gen er a tion.

How Was It Dis cov ered?
How Was It Dis cov ered?

The wide fields and gar dens of the Aus trian Mon as tery of Bruun stretched up gently
slop ing hills sur round ing the mon as tery com plex. Tucked into one cor ner of the mon as -
tery’s gar den com plex stood a small 120-foot-by-20-foot plot. This small gar den lab o ra tory 
was used by one of the monks, Fa ther Gregor Men del, for his ex per i ments on he red ity; that
is, on how in di vid ual traits are blended from an in di vid ual through suc ces sive gen er a tions
into a pop u la tion. In May 1865, he planted his sixth year of experimental pea plants.

Eng lish sci en tist Charles Dar win ex plained evo lu tion but had n’t suc cess fully ad -
dressed how char ac ter is tics are passed down through the gen er a tions, some to dom i nate
(ap pear) in ev ery gen er a tion—some to ran domly pop up only ev ery now and then. That was 
what Mendel wanted to study.

Men del crossed a strain of tall pea plants with one of short pea plants. He pro duced a
row of all tall plants. And when he planted the seeds of those tall plants he got mostly tall
with a few short plants. The short trait re turned in the sec ond gen er a tion.

Sim i larly, he cross bred yel low peas with green peas and got a gen er a tion of all yel low
peas. But in the next gen er a tion he pro duced mostly yel low with a few green peas. But never 
a yel low-green. The green color trait re turned but the traits never mixed. The same hap -
pened when he cross bred smooth-skinned with wrin kled-skinned peas.
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Over six years of work, Men del found the same pat tern in ev ery crossbreeding ex per i -
ment he tried. In the sec ond gen er a tion, one plant in four switched and showed the re ces sive 
trait (the trait that had n’t showed up at all in the first gen er a tion). Al ways three to one.

He knew that a plant in her ited one ver sion of each trait (or gene) from fa ther and
mother plants. But what if, in each pair ing of traits, one trait were al ways stron ger (dom i -
nant), and one al ways weaker (re ces sive)? Then, when the traits mixed, a first-gen er a tion
plant would al ways show the dom i nant one (all yel low, or all tall).

But three to one . . . . That hap pened in the sec ond gen er a tion. Men del re al ized sim ple
math e mat i cal prob a bil ity said there could be four pos si ble com bi na tions of traits in a sec -
ond-gen er a tion plant (ei ther dom i nant or re ces sive trait from ei ther fa ther or mother plant).
In three of those com bi na tions at least one dom i nant trait would be pres ent, and that would
dic tate what the plant be came. In only one com bi na tion (re ces sive trait from both par ents)
would there be noth ing but recessive traits present. Three to one.

Traits did not mix. They were in her ited from gen er a tion to gen er a tion and ap pear only
when they are dom i nant in an in di vid ual plant. Traits from count less an ces tors flow into
each of us, in sep a rate pack ages called “genes,” un blend ed for us to pass on even if a trait
doesn’t “show” in our generation.

It was not un til 1900 that an other sci en tist—Dutch man Hugo de Vries—re al ized the
sci en tific value of Men del’s great gift to the world with his in sights on heredity.

Fun Facts: Gregor Men del’s con cept of he red ity re quired two par ents.
Dolly the sheep made sci en tific his tory in 1997 when she was cre ated
from the cells of a sin gle adult sheep in a Scot tish lab. She was cloned, an
ex act ge netic du pli cate of her mother, with no con trib ut ing gene cells
from a fa ther.
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Deep-Sea Life
DEEP-SEA LIFE
DEEP-SEA LIFE

Year of Dis cov ery: 1870

What Is It? Eter nally black, deep ocean wa ters are not life less deserts, but sup -
port abun dant life.

Who Dis cov ered It? Charles Thomson

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Charles Thomson rad i cally changed sci ence’s view of deep oceans and of the re quire -
ments for life in the oceans. There ex isted no light in the ocean depths, yet he dis cov ered
abun dant and var ied life. He proved that life can ex ist with out light. He even proved that
plants can thrive in the lightless depths (though it took an other cen tury be fore sci en tists fig -
ured out how plants live with out photosynthesis).

Thomson’s dis cov ery ex tended known ocean life from the thin top layer of the oceans
into the vast depths and pro vided the first sci en tific study of the deep oceans. For his dis cov -
er ies, Thomson was knighted by Queen Vic to ria in 1877.

How Was It Dis cov ered?
How Was It Dis cov ered?

Charles Thomson was born in 1830 in the salt air of the Scot tish coast. Af ter col lege,
he worked at var i ous uni ver sity re search and teach ing po si tions un til, in 1867, he was ap -
pointed pro fes sor of bot any at the Royal Col lege of Sci ence in Dublin, Ireland.

Com mon wis dom at the time said that, since light only pen e trated the top 250 to 300
feet of the oceans, life only ex isted in that same nar row top layer where light could sup port
the growth of ocean plants. The deep oceans were life less, lightless deserts. No one both -
ered to ques tion the logic of this be lief. Then, in early 1866, Mi chael Sars con ducted some
deep dredg ing op er a tions off the coast of Nor way as part of a ca ble-lay ing pro ject. He
claimed that his dredge snared fish at depths of over 1,000 feet.

Sci en tists scoffed and said that his dredge must have caught the fish ei ther on the way
down or on the way back up. He could n’t have caught them at a depth that far be low the
ocean’s “life zone” be cause noth ing could live down there.

How ever, the re port caught Thomson’s imag i na tion. He be gan to won der: What if liv -
ing crea tures did lurk in the vast, dark depths of the ocean? Were ocean depths the life less
desert ev ery one imag ined? With out ac tu ally go ing there, how could any one really know?

Con vinced that this ques tion was wor thy of se ri ous sci en tific in ves ti ga tion, Thomson
per suaded the Royal Navy to grant him use of the HMS Light ning and HMS Por cu pine for
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sum mer dredg ing ex pe di tions for three con sec u tive sum mers: 1868, 1869, and 1870. Dur -
ing these voy ages off the Eng lish and Scot tish coasts, Thomson used deep sea nets and
dredges to see what life he could find in wa ters over 2,000 feet deep. Most sci en tists thought 
that he was wast ing his time and the navy’s money and would make a fool of himself.

Over those three brief sum mers, Thomson made over 370 deep-sea soundings. He
dragged his nets and dredges through the oceans at depths of up to 4,000 feet (1,250 me ters)
and con sis tently found the pres ence of life at all sur veyed depths. His nets al ways snared a
va ri ety of in ver te brates and fish.

Thomson had dis cov ered that whole pop u la tions of fish lived and thrived in the ocean
depths where no light ever pen e trated to spoil the to tal black ness.

He also col lected wa ter sam ples from the deep, inky-black wa ters and found the con -
stant pres ence of de tri tus—dead plant life that fell through the wa ter col umn to reach the
depths with out be ing eaten. Ma rine an i mals also died and added to this rain of food to sup -
port crea tures that lived in the depths.

Thomson found all known ma rine in ver te brate spe cies liv ing at these depths as well as
many un known fish spe cies. He also dredged up bot tom-dwell ing plants, prov ing that
plants grew and thrived with out sun light. He re ported his star tling dis cov er ies in his 1873
book The Depths of the Sea—pub lished just af ter Thomson set sail on the Chal lenger for an
ex tended, five-year voy age to com plete his 70,000 nau ti cal miles of deep-sea re search data
col lec tion that proved that deep-sea life ex isted in all of the world’s oceans.

Fun Facts: The larg est gi ant squid ever stud ied was 36 feet long when it
washed up dead on a South Amer i can beach. The cir cu lar suck ers on its
two long arms mea sured 2.2 inches across. Sperm whales have been
caught with fresh scars from gi ant squid suck ers mea sur ing over 22
inches across. That trans lates to a mon ster squid over 220 feet long!
They’re out there, but no hu man has seen one since sail ors talked of
meet ing gi ant sea mon sters hun dreds of years ago.
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Pe ri odic Chart of El e ments
PERIODIC CHART OF ELEMENTS
PERIODIC CHART OF ELEMENTS

Year of Dis cov ery: 1880

What Is It? The first suc cess ful or ga niz ing sys tem for the chem i cal el e ments
that com pose Earth.

Who Dis cov ered It? Dmitri Mendeleyev

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

When most peo ple think of the chem i cal el e ments, they pic ture Mendeleyev’s Pe ri -
odic Chart of the El e ments. This or ga ni za tional ta ble has served as the one ac cepted or ga -
niz ing sys tem for the el e ments that make up our planet for 125 years. It is so im por tant that
it is taught to ev ery stu dent in be gin ning chem is try classes. It led to the dis cov ery of new el -
e ments and has been a cor ner stone of chem ists’ un der stand ing of the prop er ties and re la -
tion ships of Earth’s el e ments. It has also helped in the de sign and con duct of chem i cal
ex per i ments and greatly sped the de vel op ment of sci ence’s un der stand ing of the basic
elements in the early twentieth century.

How Was It Dis cov ered?
How Was It Dis cov ered?

By 1867, 33-year-old Dmitri Mendeleyev had landed a po si tion as chem is try pro fes sor 
at St. Pe ters burg Uni ver sity—a re mark able ac com plish ment for the youn gest of 14 chil dren 
of a Rus sian peas ant. With an un tamed thicket of hair, a wild, trail ing beard, and dark, pen e -
trat ing eyes, Mendeleyev was called “that wild Rus sian” by other chem ists in Eu rope. In
1868 he be gan work on a chem is try textbook for his students.

The ques tion he faced in be gin ning the book was how to ar range and or ga nize the
grow ing list of 62 known el e ments so that his stu dents could un der stand their char ac ter is -
tics. By this time, Mendeleyev had col lected a hoard of data from his own work
and—mostly—from the work of oth ers, es pe cially from the Eng lish chem ists Newland and
Meyers and French man de Chancourtois.

Mendeleyev sorted the el e ments by atomic weight; by fam ily re sem blance; by the way
they did—or did not—com bine with hy dro gen, car bon, and ox y gen; by the kind of salts
they formed; by whether an el e ment ex isted as a gas, liq uid, or solid; by whether an el e ment
is hard or soft; by whether an el e ment melts at a high or low tem per a ture; and by the shape
of the el e ment’s crys tals. Noth ing al lowed him to make sense of all 62 known elements.

Then Mendeleyev, a skilled pi ano player, re al ized that the notes on a pi ano re peated at
reg u lar in ter vals. Ev ery eighth key was a “C.” He re al ized that in sea sons, in waves at the
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beach, even in trees, char ac ter is tics re peat over and over af ter a set pe riod of time or dis -
tance. Why should n’t the same thing hap pen with the elements?

He wrote each el e ment and its var i ous char ac ter is tics on cards and spread them across a ta -
ble, ar rang ing and re ar rang ing the cards, search ing for re peat ing pat terns. He quickly found that
ev ery eighth el e ment shared many fam ily traits, or char ac ter is tics. That is, most of the time, ev -
ery eighth el e ment shared char ac ter is tics with the oth ers in this fam ily. But not al ways.

Mendeleyev was again stuck. One day that sum mer, it struck him that it was pos si ble
that not all of Earth’s el e ments had been dis cov ered. His chart of the el e ments had to al low
for miss ing elements.

He re turned to his stack of cards and ar ranged them into rows and col umns so that the
way that the el e ments in each col umn bonded with other el e ments was the same, and so that
the phys i cal char ac ter is tics of the el e ments in each row were the same.

All of the known el e ments fit per fectly into this two-di men sional chart. How ever, he
had to leave three holes in the chart that he claimed would be filled by three as-yet-un dis -
cov ered el e ments. Mendeleyev even de scribed what these “miss ing” el e ments would look
like and act like based on the com mon traits of other el e ments in their row and col umn. All
Eu rope laughed and said his pre dic tions were the crazy ramblings of a wild fortuneteller.

Three years later the first of Mendeleyev’s “miss ing” el e ments was dis cov ered in Ger -
many. The sci en tific com mu nity thought it an in ter est ing co in ci dence. Within eight years the
other two had also been found. All three looked and be haved just as Mendeleyev had pre dicted.

Sci en tists around the world were amazed and called Mendeleev a ge nius who had un -
locked the mys ter ies of the world of chem i cal el e ments. His dis cov ery has guided chem i cal
re search ever since.

Fun Facts: Mendeleyev’s pe ri odic chart helped dis pel the an cient al che -
mist’s myth of turn ing lead into gold. In 1980, Amer i can sci en tist Glenn
Seaborg used a pow er ful cy clo tron to re move pro tons and neu trons from
sev eral thou sand at oms of lead (atomic num ber 82), chang ing it into gold 
(atomic num ber 79). No, he didn’t cre ate in stant wealth. The pro cess is so 
ex pen sive that each atom of gold he cre ated cost as much as sev eral
ounces of gold on the open mar ket.

More to Ex plore
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Cell Di vi sion
CELL DIVISION
CELL DIVISION

Year of Dis cov ery: 1882

What Is It? The pro cess by which chro mo somes split so that cells can di vide to 
pro duce new cells.

Who Dis cov ered It? Walther Flemming

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Chro mo somes carry genes that hold the blue prints for build ing, op er at ing, and main -
tain ing the cells of your body. Ge net ics and he red ity re search could not ad vance un til these
phys i cal struc tures in side the nu cleus of each cell had been dis cov ered and stud ied. Our ba -
sic un der stand ing of bi ol ogy also de pends, in part, on our knowl edge of how cells di vide,
rep li cat ing them selves count less times over the course of an organism’s life.

Both of these key con cepts were dis cov ered dur ing one ex per i ment car ried out by
Walther Flemming. His dis cov er ies form part of the ba sic foun da tion of mod ern bi o log i cal
sci ences. Much of what we know to day about cell di vi sion (called mi to sis) orig i nated with
Flemming’s discoveries.

How Was It Dis cov ered?
How Was It Dis cov ered?

For most of the nine teenth cen tury, stud ies of cells, cell func tions, and cell struc ture
through the mi cro scope were ham pered be cause cell walls and all of their in ter nal parts
were trans lu cent to trans par ent. No mat ter how good the mi cro scope was, these in ner struc -
tures were seen only as vague grey-on-grey shapes. It was dif fi cult—if not im pos si ble—to
make out any detail.

So sci en tists stained the cells with dyes, hop ing to make the cell parts more vis i ble.
How ever, all dyes killed the cells. But there was no other way and, hope fully, the dye would 
com bine with some intracellular struc tures and not with oth ers so that a few would stand out 
and be eas ily stud ied through the mi cro scope. Most dyes, how ever, didn’t work. They
smeared the whole cell with dark color and masked the very struc tures they were sup posed
to reveal.

Walther Flemming was born in 1843 in Sachsenberg, Ger many. He trained as a doc tor
and taught at uni ver si ties from 1873 (at the age of 30) un til 1905 (age 62). He called him self
an anat o mist and spe cial ized in the mi cro scopic study of cells.
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In 1879 Flemming found a new dye (a by-prod uct of coal tar) that com bined well with
par tic u lar, stringlike ma te ri als in side the cell nu cleus and did not stain most other cell parts.
Fi nally, a dye ex isted that al lowed him to fo cus his ob ser va tions on one par tic u lar struc ture
within the cell’s nucleus.

He named the ma te rial stained by this dye chromatin (from the Greek word for color)
and be gan a se ries of ex per i ments us ing sal a man der em bryos. Flemming cut tis sue-pa per
thin slices of em bry onic cells from fer til ized sal a man der eggs and stained them with this
dye.

The dye, of course, killed the cells. This stopped all cell ac tiv ity and cell di vi sion. But
it was a price Flemming had to pay in or der to study these chromatin struc tures within the
cell nu cleus. Since the cells were dead be fore he could ob serve them, what Flemming saw
through his mi cro scope was a se ries of “still” im ages of cells frozen in var i ous stages of di -
vi sion. Over time, and with enough sam ples to study, he was able to ar range these im ages in
or der to show the steps of the cell division process.

As the pro cess be gan, the chromatin col lected into short, thread like ob jects (whose
name Flemming changed from chromatin to chro mo somes from the Greek words mean ing
“col ored bod ies”). It was soon clear to Flemming that these thread like chro mo somes were a
key fea ture of cell di vi sion. There fore, Flemming named the pro cess mi to sis, from the
Greek word for thread. The words chro mo somes and mi to sis are still used today.

Flemming saw that the next step was for each in di vid ual chro mo some thread to break
into two iden ti cal threads, dou bling the num ber of chro mo somes. These two iden ti cal sets
of chro mo somes then pulled apart, half go ing to one end of the cell, half go ing to the other.
The cell it self then di vided. Each of the two off spring cells was thus stocked with a com -
plete set of chro mo somes that was iden ti cal to the original parent.

Flemming had dis cov ered the pro cess of cell di vi sion and pub lished his re sults in
1882. The real value of Flemming’s dis cov ery lay hid den for 18 years. Then, in 1900, Hugo
deVries put Flemming’s dis cov ery to gether with Gregor Men del’s dis cov er ies on he red ity
and re al ized that Flemming had dis cov ered how he red i tary traits were passed from par ent to 
child and from cell to cell.

Fun Facts: Like all liv ing spe cies, hu mans grow from a sin gle egg cell
into com plex or gan isms with tril lions of cells. Lou ise Brown, born July
25, 1978, in Oldham, Eng land, was the first hu man test-tube baby. Her
first cell di vi sions took place not in her mother’s womb, but in a lab o ra -
tory test tube.

More to Ex plore
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X-Rays
X-Rays
X-RAYS
X-Rays

Year of Dis cov ery: 1895

What Is It? High-fre quency ra di a tion that can pen e trate through hu man flesh.

Who Dis cov ered It? Wil helm Roent gen

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

If you have ever had an X-ray as part of a med i cal checkup, you owe thanks to Wil -
helm Roent gen. Med i cal X-rays have been one of the most pow er ful, use ful, and life-sav ing 
di ag nos tic tools ever de vel oped. X-rays were the first noninvasive tech nique de vel oped to
al low doc tors to see in side the body. X-rays led to the more mod ern MRI and CT
technologies.

Chem ists have used X-rays to un der stand and de ci pher the struc ture of com plex mol e -
cules (such as pen i cil lin) and to better un der stand the elec tro mag netic spec trum. The dis -
cov ery of X-rays earned Roent gen the 1901 No bel Prize in physics.

How Was It Dis cov ered?
How Was It Dis cov ered?

In 1895 Wil helm Roent gen was just a 40-some thing ac a demic pro fes sor at the Uni ver -
sity of Wurzburg, Ger many, do ing ho-hum re search into the ef fects of pass ing elec tric ity
through gas-filled bot tles. In No vem ber of that year he be gan ex per i ments in his home base -
ment lab with a Crookes’ tube (a de vice that am pli fied an elec tri cal sig nal by pass ing it
through a vacuum).

On No vem ber 8, he hap pened to no tice that a pho to graphic plate that had been
wrapped in black pa per and tucked in side a leather case in the bot tom drawer of his desk had 
mys te ri ously been ex posed and im printed with the im age of a key. The only key in the room 
was an over sized key for a gar den gate he had tossed into the desk’s cen ter drawer over a
year ago. The im age on his pho to graphic plate was of that key.

Even more strange, he found that the key in the cen ter drawer lay along a straight line
from his glass Crookes’ tube mounted on the wall to the pho to graphic plate deep in the bot -
tom drawer. But no vis i ble rays emit ted from the Crookes’ tube and surely no light could
have pen e trated through the desk and leather case to the pho to graphic plate. What could
have mys te ri ously flown across the room and passed through wood, leather, and pa per to
ex pose the pho to graphic plate? What ever it was, it could not pass through the metal
key—which was why a dark gray im age of the key was out lined on his photograph.
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Other sci en tists the o rized that rays would be emit ted from a Crookes’ tube and had
named them cath ode rays af ter the name of one of the metal plates in side the tube. Crookes
thought these rays might come from an other world. But no one had de tected, mea sured, or
stud ied these un known rays.

Roent gen sus pected that cath ode rays had some how ex posed his film. Two weeks later 
he was able to prove the ex is tence of these mys te ri ous rays, which he named “X-rays” since
“X” was used to rep re sent the un known. By this time, he had seen that X-rays could pass
through wood, pa per, card board, ce ment, cloth, and even most met als—but not lead.

For this ex per i ment, Roent gen coated a sheet of pa per with bar ium platino-cy a nide (a
kind of flu o res cent salt) and hung it on the far wall of his lab. When he con nected power to
his Crookes’ tube, the flu o res cent sheet glowed a faint green. When he held an iron disk in
front of the pa per, the pa per turned back to black where the iron disk blocked the X-rays.

Roent gen was shocked to also see the out line of ev ery bone in his hand and arm in faint 
green out lines on the flu o res cent pa per. When he moved a fin ger, the bones out lined in
glow ing green also moved.

On see ing these first X-ray im ages, Roent gen’s wife shrieked in ter ror and thought that 
the rays were evil har bin gers of death. Roent gen, how ever, be gan six weeks of in ten sive
study be fore re leas ing his re sults on the na ture and po ten tial of X-rays.

Within a month Wil helm Roent gen’s X-rays were the talk of the world. Skep tics called 
them death rays that would de stroy the hu man race. Ea ger dream ers called them mir a cle
rays that could make the blind see again and could beam com plex charts and di a grams
straight into a stu dent’s brain.

Doc tors called X-rays the an swer to a prayer.

Fun Facts: The Z Ma chine at the Sandia Na tional Lab o ra to ries, New
Mex ico, can, very briefly, pro duce X-rays with a power out put roughly
equiv a lent to 80 times that of all of the world’s elec tri cal gen er a tors.

More to Ex plore
More to Ex plore
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Blood Types
Blood Types
BLOOD TYPES

Year of Dis cov ery: 1897

What Is It? Hu mans have dif fer ent types of blood that are not all com pat i ble.

Who Dis cov ered It? Karl Landsteiner

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Blood was blood—or so the world thought. Then Aus trian phy si cian Karl Landsteiner
dis cov ered that there were four types of blood. Some could be safely mixed and some could
not. That dis cov ery has saved mil lions of lives. The day that Karl Landsteiner’s re sults were 
pub lished, blood trans fu sions be came a safe and risk-free part of sur gery. A pa tient’s
chances of sur viv ing sur gi cal pro ce dures greatly in creased. By mak ing sur gery safer, he
made many new sur gi cal pro ce dures pos si ble and prac ti cal.

Landsteiner’s dis cov ery also greatly ad vanced hu man un der stand ing of blood struc -
ture and blood chem is try and paved the way for a num ber of key med i cal dis cov er ies in the
early twen ti eth cen tury.

How Was It Dis cov ered?
How Was It Dis cov ered?

Vi enna, Aus tria, was a glam or ous city in 1897—as mod ern as any in the world. Dr.
Karl Landsteiner worked in the Uni ver sity of Vi enna hos pi tal, where he con ducted
cause-of-death (post mor tem) med i cal ex am i na tions.

One April day that year, Landsteiner ex am ined four pa tients who had died dur ing sur -
gery. All died for the same rea son: blood ag glu ti na tion (clot ting). Each pa tient had re ceived
blood trans fu sions and died when his or her own red blood cells clumped to gether with red
blood cells in the blood they were given into thick clots.

Landsteiner had seen this of ten dur ing his thou sands of post mor tem ex am i na tions and
won dered why it only hap pened with some pa tients.

That eve ning, Landsteiner played pi ano for his wife and sev eral friends. It was the one
thing Karl felt he did well. Most who heard him thought he should give up med i cine for a
bril liant ca reer as a pi a nist.

In the mid dle of a fa mil iar piece, it sud denly oc curred to Landsteiner that the an swer
had to be some thing in the pa tients’ blood. What if all blood was not the same, as ev ery one
sup posed?

The next morn ing Landsteiner col lected blood from 20 pa tients, want ing to see if he
could pre dict which sam ples were safe to mix with each other.
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In long rows of test tubes, he mixed a few drops of each pa tient’s blood with a few
drops of blood from ev ery other pa tient.

In his mi cro scope, he checked to see which red blood cells clumped to gether, and
which did not. Be fore he had checked half the test tubes un der a mi cro scope, Karl was
stunned to find that he could eas ily di vide the blood sam ples into two dis tinct groups. Red
blood cells from any mem ber of one group ag glu ti nated (stuck to) red blood cells from ev -
ery mem ber of the other group. But the cells never stuck to blood cells of other mem bers
from the same group.

He named these groups “A” and “B.” Not all blood was com pat i ble. Dif fer ent peo ple’s 
blood was dif fer ent!

He con tin ued test ing and found blood sam ples that didn’t ag glu ti nate with ei ther type
“A” or “B” red blood cells. Landsteiner re al ized that there must be a third group. Peo ple in
this group could safely do nate blood to any one. He named this third blood group type “O.”

Then he found one blood sam ple that ag glu ti nated with both type A and type B blood.
There ex isted a fourth type of blood that re acted to both A and B blood, just as type O blood
re acted to nei ther.

Karl named this fourth group type “AB.”
Blood was not all the same. There were four dis tinct types. Safe trans fu sions re quired a 

doc tor to de ter mine the blood types of both pa tient and do nor. It seemed like such a sim ple,
ob vi ous idea, and yet is one that has saved mil lions of lives.

Fun Facts: Hu mans have four blood types (A, B, AB, and O). Cats have
the same num ber of pos si ble blood types. Cows, how ever, have over
800!

More to Ex plore
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Elec tron
Elec tron
ELECTRON

Year of Dis cov ery: 1897

What Is It? The first sub atomic par ti cle ever dis cov ered.

Who Dis cov ered It? J. J. Thomson

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

At oms had never been seen. De fined as the small est par ti cles pos si ble and the ba sic
build ing blocks of all mat ter, they were in vis i bly small—in the late nine teenth cen tury still
more the o ret i cal than real. How could some one claim to have found some thing smaller?
How could par ti cles get any smaller?

Thomson dis cov ered the elec tron and proved that it ex isted—with out ever be ing able
to see or iso late one. Elec trons were the first sub atomic par ti cles to be dis cov ered, the first
par ti cle of mat ter iden ti fied that was smaller than an atom. This dis cov ery also fi nally pro -
vided some phys i cal proof of, and de scrip tion of, the ba sic unit that car ried elec tric ity.
Thomson’s ex per i ments and dis cov ery be gan a new field of sci ence—par ti cle phys ics.

How Was It Dis cov ered?
How Was It Dis cov ered?

He was born Jo seph John Thomson in De cem ber, 1856, in Man ches ter, Eng land. By
age 11 he had dropped his first names and used only his ini tials, J. J. Thomson be gan en gi -
neer ing stud ies at age 14 at Owens Col lege and later brought a math and en gi neer ing back -
ground to the study of phys ics. In 1884 he was ap pointed to chair Cam bridge’s famed
Caven dish phys ics lab. Thir teen years later and still at Caven dish, Thomson con ducted the
ex per i ment that dis cov ered the elec tron.

Cath ode rays were dis cov ered by Ger man Jul ius Plucker in 1856. How ever, sci en tists
could n’t agree on what cath ode rays were. A great con tro versy boiled: were they waves or
were they par ti cles? Sci ence’s great est minds ar gued back and forth.

In 1896 Thomson de cided to de sign ex per i ments that would set tle this dis pute. He
built a cath ode ray tube and fired its mys te ri ous rays at a metal plate. The plate picked up a
neg a tive charge. This proved that cath ode rays had to carry a neg a tive charge. Next, he con -
firmed with a flu o res cent-coated ruler that a mag netic field would de flect cath ode rays.
(Oth ers had con ducted this ex per i ment.)

Thomson at tached thin metal plates in side his cath ode ray tube to a bat tery and showed 
that an elec tri cal field could also de flect cath ode rays. (The spot that lit up on his flu o res cent 
ruler shifted when he con nected the bat tery.)
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Fi nally, Thomson built a new cath ode ray tube with a thin slit through a metal plate.
Cath ode rays were chan neled through this nar row slit. Be yond that metal plate he added a
mag netic field to de flect cath ode rays in one di rec tion, fol lowed by an elec tric field that
would de flect them back in the other di rec tion.

Thomson knew the force these two fields cre ated. Once he mea sured the amount of de -
flec tion (change of di rec tion) each force cre ated in the stream of cath ode rays, he could cal -
cu late the mass of the par ti cles in this cath ode ray stream. That would fi nally solve the
mys tery by iden ti fy ing the spe cific par ti cles.

He ran his ex per i ment and didn’t be lieve his re sults. The ra tio of elec tric charge to par -
ti cle mass was way too big, and that meant that the mass of these par ti cles had to be much
smaller than any known par ti cle.

He re peated the ex per i ment a hun dred times. He ripped apart and re built each piece of
equip ment. The re sults were al ways the same. The mass of this par ti cle had to be less than
1/1000 of the mass of a pro ton (a hy dro gen atom)—one thou sand times smaller than the
small est atom—sup pos edly the small est pos si ble par ti cle.

Thomson had dis cov ered a new par ti cle—the first sub atomic par ti cle. It took hun dreds 
of dem on stra tions and sev eral de tailed ar ti cles be fore any one be lieved that his new par ti cles 
ex isted.

In 1891 Irish phys i cist George Stoney had named the fun da men tal unit (par ti cle) of
elec tric ity the “elec tron” with out hav ing any idea what that par ti cle was like. Thomson de -
cided to use Stoney’s name (elec tron) for his new par ti cle since it car ried elec tri cal cur rent.
In 1898 a French man named Bequerel found pho to graphic proof of the ex is tence of sub -
atomic par ti cles to con firm Thomson’s dis cov ery.

Fun Facts: If an elec tron weighed the same as a dime, a pro ton would
weigh the same as a gal lon of milk

More to Ex plore
More to Ex plore
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Vi rus
Vi rus
VIRUS

Year of Dis cov ery: 1898

What Is It? The small est, sim plest liv ing or gan ism and caus ative agent for
many hu man dis eases, from sim ple colds to deadly yel low fe ver.

Who Dis cov ered It? Dmitri Ivanovsky and Martinus Beijerinick

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Far smaller than cells and bac te ria, vi ruses are the small est life forms on Earth—so
small they can only re pro duce in side some host cell and do it by tak ing over con trol of that
cell. Vi ruses are so small they eas ily slip through vir tu ally any fil ter or trap. Their dis cov ery
an swered many med i cal ques tions at the be gin ning of the twen ti eth cen tury and com pleted
Pasteur’s germ theory.

Vi ruses cause many of the most dan ger ous hu man dis eases. Un til they were dis cov -
ered, med i cal sci ence had ground to a halt in its ad vance on cur ing these hu man ill nesses.
When Beijerinick dis cov ered vi ruses, he ac tu ally dis cov ered a new life form, one too small
to be seen with any mi cro scope other than a mighty electron microscope.

How Was It Dis cov ered?
How Was It Dis cov ered?

French sci en tist Louis Pas teur dis cov ered germs (mi cro scopic bac te ria) and claimed
that germs caused dis ease and rot. How ever, he was never able to find a mi cro or gan ism
(germs) that caused ra bies, though he tried for over a de cade be fore giv ing up in 1885. It left 
a shadow of doubt over his germ theory.

An other dis ease for which no one could find an iden ti fi able caus ative agent was to -
bacco mo saic dis ease (so called be cause a mo saic pat tern forms on the leaves of in fected
plants). In 1892 Rus sian bot a nist Dmitri Ivanovsky de cided to search for this mys te ri ous
agent. (It was safer to work with to bacco mo saic dis ease than with deadly ra bies.)
Ivanovsky mashed up in fected leaves and passed the fluid through var i ous pa per and ce -
ramic fil ters. These fil ters were sup posed to trap all or gan isms—even the tiniest bacteria.

How ever, the fluid that strained through these sets of fil ters could still in fect healthy
to bacco plants with mo saic dis ease. That meant that Ivanovsky had n’t trapped the caus ative 
agent in his fil ters. He tried dif fer ent fil ter ma te ri als, dif fer ent treat ments, and baths for the
leaves and mashed juice. His re sults were al ways the same. What ever caused this dis ease,
Ivanovsky could n’t trap it in a filter.
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Ivanovsky re fused to be lieve that any liv ing or gan ism ex isted that was smaller than
bac te ria and so con cluded that his fil ters were de fec tive and would not, in fact, catch small
bac te ria. In dis gust, he aban doned his project.

In 1898 Dutch bot a nist Martinus Beijerinick de cided to try his luck at solv ing the mys -
tery of to bacco mo saic dis ease. He re peated Ivanovsky’s ex per i ment and got the same re -
sult. How ever, Beijerinick was quite will ing to con clude that this ex per i ment proved that
the caus ative agent was some thing new and un known—some thing much smaller than bac -
te ria. That was why it had n’t been trapped in his fil ters. Beijerinick ad mit ted that he did not
know what it was, but he claimed that his ex per i ment proved that it ex isted and that it was
super-tiny. He named it a “vi rus,” the Latin word for poison.

While this dis cov ery was in tel lec tu ally in ter est ing to some sci en tists, few cared about
a dis ease unique to to bacco plants. The no tion of vi ruses re ceived lit tle at ten tion from the
med i cal and sci en tific communities.

In 1899 Ger man sci en tist Friedrich Loeffler con ducted a sim i lar test and con cluded
that the agent re spon si ble for foot-and-mouth dis ease was too tiny to be bac te ria and so
must be an other vi rus. Two years later, in 1901, Amer i can army sur geon Wal ter Reed ex -
hausted his at tempts to dis cover the cause for yel low fe ver that had killed so many Amer i -
can sol diers. Then he tested this mos quito-borne dis ease to see if what ever caused it was
small enough to be a virus. It was.

This dis cov ery con vinced the sci en tific world that vi ruses—1/1000 the size of even a
small bac te rium—were the cause of many hu man ail ments and had to be stud ied and treated 
sep a rately from bac te ria. Ivanovsky and Beijerinick dis cov ered vi ruses, but it took Wal ter
Reed to make the med i cal and sci en tific com mu nity pay attention.

Fun Facts: What’s the most com mon dis ease-caus ing vi rus? The com -
mon group of rhinoviruses, of which there are at least 180 types.
Rhinoviruses cause colds and are al most uni ver sal, af fect ing ev ery one
ex cept for those liv ing in the frozen wastes of Antarctica.

More to Ex plore
More to Ex plore
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Mi to chon dria
Mi to chon dria
MITOCHONDRIA

Year of Dis cov ery: 1898

What Is It? All-im por tant parts of ev ery cell that pro vide cell en ergy and also
have their own sep a rate DNA.

Who Dis cov ered It? Carl Benda

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Mi to chon dria are tiny en ergy pro duc ers in ev ery cell. One of many tiny struc tures
float ing in the cell’s cy to plasm (fluid) that are col lec tively called organelles, mi to chon dria
are con sid ered the most im por tant of all cell parts—be sides the nucleus.

Amaz ingly, mi to chon dria have their own sep a rate DNA. You de pend on them. They
de pend on you. And yet they are sep a rate liv ing or gan isms that have proved in valu able in
track ing hu man his tory and evo lu tion as well as for un der stand ing cell op er a tion. Their dis -
cov ery in 1898 marked a great turn ing point for microbiology.

How Was It Dis cov ered?
How Was It Dis cov ered?

Eng lish man Rob ert Hooke dis cov ered cells in 1665 when he turned his mi cro scope
onto a thin sliver of cork. As mi cro scopes im proved and grew in mag ni fi ca tion power, sci -
en tists strug gled to iden tify cells in other plant and animal tissue.

How ever, tech ni cal prob lems slowed their prog ress. More pow er ful mi cro scopes were 
in creas ingly hard to fo cus and pro vided sharp fo cus on smaller and smaller ar eas. This was
called “chro matic ab er ra tion.” In 1841 the ach ro matic mi cro scope was in vented and eased
this problem.

Tis sue sam ples had to be dye-stained so that in di vid ual cells (and parts of cells) would
show up un der the mi cro scope. How ever, stain ing of ten dam aged cells and masked the very 
cell parts it was in tended to re veal. In 1871 Camino Gogli de vel oped a stain ing pro cess he
called “black re ac tion.” This pro cess fi nally of fered sci en tists a chance to see the cell in te -
rior that lay beyond cell walls.

In 1781 ab bot Felice Fontant glimpsed the nu cleus of a skin cell. Scots man Rob ert
Brown named it the “nu cleus” and, while study ing or chids, was the one who dis cov ered that 
the nu cleus was an es sen tial part of liv ing cells. In 1891 Wil helm Waldeyer dis cov ered
nerve cells.

By 1895 sev eral re search ers had ac tu ally watched cells di vide through their mi cro -
scopes and saw that a num ber of tiny struc tures (which they called organelles) ex isted in side 
each cell.
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One of these re search ers was Carl Benda, born in 1857 in south ern Ger many. Even as a 
youth, Benda had been fas ci nated by the mi cro scopic world and was one of the first to call
him self a mi cro bi ol o gist and to make a ca reer out of study ing the mi cro scopic world. Benda 
had been swept up in the ex cite ment of the ef fort to peer in side a living cell.

By 1898 it was clear that the cell cy to plasm (the in ter nal fluid part of a cell) was not a
sim ple, ho mo ge neous fluid. Tiny struc tures floated in there do ing no-one-knew-what.

Dur ing an ex per i ment in 1898, Benda was able to make out hun dreds of tiny bod ies in
the cy to plasm through the mem brane of a cell. Benda thought they must be tiny pil lars that
helped hold the shape of the cell. So he named them mi to chon dria, from the Greek words
mean ing “threads of car ti lage.” Nei ther he nor other sci en tists at the time gave mi to chon dria
any sig nif i cance other than that they ex isted and were part of the in ter nal struc ture of a cell.

By 1910 sci en tists were better able to glimpse through cell walls and watch liv ing cells 
func tion. Many sci en tists sus pected that mi to chon dria pro vided en ergy to the cell. By 1920, 
sci en tists had de ter mined that mi to chon dria were the power plants that sup plied over 90
per cent of all cell energy needs.

In 1963 it was dis cov ered that mi to chon dria had their own DNA (called mDNA). This
was a shat ter ing dis cov ery and made mi to chon dria one of the most im por tant parts of a liv -
ing cell. It meant that we are re ally co op er at ing col o nies of mi cro scopic bugs. In some
far-dis tant past, tiny mi to chon dria or gan isms made a deal with big ger cells. They traded en -
ergy for pro tec tion. The mi to chon dria moved in side, but kept their sep a rate DNA. That
made these tiny sub struc tures unique among all el e ments of a liv ing body and an important
subject for ongoing research.

But it all started with Benda’s dis cov ery—even though he had no idea of the ul ti mate
im por tance of what he dis cov ered.

Fun Facts: Mi to chon dria are called the “pow er house of the cells,” where 
all cell en ergy is pro duced. That in cludes the en ergy for you to blink your 
eyes, for your heart to beat, or for you to per form amaz ing tasks like com -
plet ing the an nual race up the 1,576 steps of the Em pire State Build ing.
The cur rent re cord holder is Belinda Soszyn (Aus tra lia) in 1996, with a
time of 12 min utes, 19 sec onds. Imag ine how much en ergy her mi to -
chon dria had to pro duce!

More to Ex plore
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Ra dio ac tiv ity
Ra dio ac tiv ity
RADIOACTIVITY

Year of Dis cov ery: 1901

What Is It? At oms are not solid balls and the small est pos si ble par ti cles of
mat ter, but con tain a num ber of smaller par ti cles within them.

Who Dis cov ered It? Ma rie Cu rie

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Ma rie Cu rie’s dis cov ery of two nat u rally ra dio ac tive el e ments, po lo nium and ra dium,
made head line news, but her real dis cov ery was that at oms were not small solid balls and
that there must be even smaller par ti cles in side them. This dis cov ery opened the door to all
atomic and sub atomic re search and even to the splitting of the atom.

Cu rie car ried out her re search with ra dio ac tive el e ments be fore the dan gers of ra dio ac -
tiv ity were un der stood. She suf fered from ill health (ra di a tion sick ness) for most of her
adult life. In deed, for many years af ter her death, her note books were still highly
radioactive.

Ma rie Cu rie’s stud ies rank as one of the great turn ing points of sci ence. Phys ics af ter
Cu rie was com pletely dif fer ent than be fore and fo cused on the un dis cov ered sub atomic
world. She cracked open a door that pen e trated in side the atom and has led to most of the
great est ad vances of twen ti eth-cen tury physics.

How Was It Dis cov ered?
How Was It Dis cov ered?

In 1896 Ma rie Cu rie de cided to com plete her doc toral dis ser ta tion in a to tally new
field: ra di a tion. It was ex cit ing. It was some thing no one had ever seen or stud ied be fore.
Sci en tists knew that elec tri cally charged ra di a tion flooded the air around ura nium, but not
much else was known. Ma rie used a de vice her hus band, pro fes sor Pi erre Cu rie, in vented to
de tect elec tric charges around min eral sam ples. She named this pro cess ra dio ac tiv ity and
con cluded that ra dio ac tiv ity was emit ted from in side a uranium atom.

Since the Cu ries had had no money of their own to pay for her re search, and since the
uni ver sity re fused to fund a woman’s grad u ate-level phys ics re search, Ma rie scrounged for
free lab space. She found an aban doned shed that had been used by the Bi ol ogy De part ment
to hold ca dav ers. It was un bear ably hot in the sum mer and freez ing cold in the win ter, with a 
few wooden ta bles and chairs and a rusty old stove.

In 1898 Ma rie was given a puz zling ura nium min eral ore called pitch blende, which her 
tests showed gave off more ra dio ac tive emis sions than ex pected from the amount of ura -
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nium it con tained. She con cluded that there must be an other sub stance in side pitch blende
that gave off the ex tra radiation.

She be gan each test with 3.5 ounces of pitch blende. She planned to re move all of the
known met als so that ul ti mately all that would be left would be this new, highly ac tive el e -
ment. She ground the ore with mor tar and pes tle, passed it through a sieve, dis solved it in
acid, boiled off the liq uid, fil tered it, dis tilled it, then elec tro lyzed it.

Over the next six months Ma rie and her hus band, Pi erre, chem i cally iso lated and tested 
each of the 78 known chem i cal el e ments to see if these mys te ri ous ra dio ac tive rays flowed
from any other sub stance be sides ura nium. Most of their time was spent beg ging for tiny
sam ples of the many el e ments they could not af ford to buy. Oddly, each time Ma rie re -
moved more of the known el e ments, what was left of her pitch blende was al ways more ra -
dio ac tive than before.

What should have taken weeks, dragged into long months be cause of their dis mal
work ing con di tions. In March 1901, the pitch blende fi nally gave up its se crets. Ma rie had
found not one, but two new ra dio ac tive el e ments: po lo nium (named af ter Ma rie’s na tive Po -
land) and ra dium (so named be cause it was by far the most ra dio ac tive el e ment yet dis cov -
ered). Ma rie pro duced a tiny sam ple of pure ra dium salt. It weighed .0035 ounces—less
than the weight of a po tato chip—but it was a mil lion times more radioactive than uranium!

Be cause the dan gers of ra di a tion were not yet un der stood, Ma rie and Pi erre were
plagued with health trou bles. Aches and pains. Ul cer-cov ered hands. Con tin u ous bouts of
se ri ous ill nesses like pneu mo nia. Never-end ing ex haus tion. Fi nally, the ra di a tion Ma rie
had stud ied all her life killed her in 1934.

Fun Facts: Fe male No bel Prize lau re ates ac counted for only 34 out of a
to tal of 723 prizes awarded as of 2005. Ma rie Cu rie is not only the first
woman to be awarded a No bel Prize, but also one of four per sons to have
been awarded the No bel Prize twice.
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At mo spheric Lay ers
At mo spheric Lay ers
ATMOSPHERIC LAYERS

Year of Dis cov ery: 1902

What Is It? Earth’s at mo sphere has dis tinct lay ers of air, each with unique
tem per a tures, den si ties, humidities, and other prop er ties.

Who Dis cov ered It? Leon Philippe Teisserenc de Bort

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

What could be more ba sic to un der stand ing planet Earth than to know what lies be -
tween the sur face and Earth’s cen ter, or be tween the sur face and outer space? Yet the twen -
ti eth cen tury dawned with sci ence hav ing vir tu ally no con cept of what the at mo sphere was
like more than two miles above the earth’s surface.

Teisserenc de Bort was the first to ex pand sci ence’s knowl edge into the up per reaches
of Earth’s at mo sphere. His dis cov ery pro vided the first ac cu rate im age of our at mo sphere
and formed the ba sis for our un der stand ing of me te o ro log i cal phe nom ena (storms, winds,
clouds, etc.). Teisserenc de Bort was also the first to take sci en tific in stru ments into the
upper atmosphere.

How Was It Dis cov ered?
How Was It Dis cov ered?

Born in Paris in 1855, Leon Philippe Teisserenc de Bort was ap pointed the chief of the
Ad min is tra tive Cen ter of Na tional Me te o rol ogy in Paris at the age of 30. There he was frus -
trated be cause he be lieved that sci ence’s in abil ity to un der stand and pre dict weather
stemmed from lack of knowl edge about the at mo sphere more than three or four ki lo me ters
above the surface.

Cer tainly, manned bal loon flights (both hot air and gas filled) had car ried in stru ments
into the at mo sphere. But these flights never ven tured above four or five ki lo me ters in al ti -
tude. There was n’t enough ox y gen up there for peo ple to breathe.

In 1895 Teisserenc de Bort quit his job to de vote full time to de vel op ing un manned,
high-al ti tude gas bal loons at his Ver sailles villa (out side of Paris). Over the next five years,
Teisserenc de Bort de signed an in stru ment pack age in a wicker bas ket that his bal loons
would carry aloft. Ba sic ther mom e ters and ba rom e ters were con nected to re cord ing de vices
so that he would have writ ten re cords of up per at mo spheric con di tions once the balloon
returned to Earth.

He also de signed a re lease sys tem and para chute to de ploy af ter the bas ket re leased
from the ris ing bal loon to bring his in stru ment pack age gently back down.
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Teisserenc de Bort found that track ing the bas ket and para chute were more dif fi cult
than he first thought, even when he used a tele scope. Each launch in volved a mad scram ble
across the coun try side to keep the de scend ing pack age in sight. Even so, a few were never
found, some sunk in rivers or lakes, and some were smashed when the para chutes failed.

Still, Teisserenc de Bort per sisted—and was amazed at what he dis cov ered. At mo -
spheric tem per a ture de creased steadily at a con stant rate of 6.5°C per ki lo me ter of al ti tude
(19°F per mile). This de crease was expected.

How ever, at an al ti tude of around 11 km (7 miles, or about 37,000 feet) the tem per a -
ture stopped de creas ing at all. It re mained level at around -53°C up to over 48,000 feet (as
high as Teisserenc de Bort’s bal loons would fly).

At first Teisserenc de Bort didn’t be lieve that the tem per a ture could pos si bly stop de -
creas ing. He sus pected that the in stru ments rose to a height where so lar heat ing warmed the
ther mom e ter and com pen sated for con tin ued at mo spheric tem per a ture decrease.

He be gan to launch at night. It was harder to track the para chute’s de scent, but it pre -
vented any pos si bil ity of so lar heat ing. Even at night, his re sults were the same. The tem per -
a ture above 11 km re mained constant.

Af ter 234 tests, Teisserenc de Bort fi nally con cluded that his mea sure ments were ac cu -
rate and that there were two, sep a rate lay ers to the at mo sphere. Near the sur face lay an
11-km-thick lower layer where tem per a ture changes cre ated cur rents, winds, clouds, and
weather. Above that was a re gion where con stant tem per a ture al lowed air to set tle into
quiet, undisturbed layers

He named the lower layer the tro po sphere, from the Greek words mean ing “sphere of
change,” and the up per layer the strato sphere, from the Greek words mean ing “sphere of
lay ers.”

Teisserenc de Bort’s dis cov ery is still the ba sis of our un der stand ing of the at mo sphere.

Fun Facts: Sci en tists now know that the at mo sphere has many lay ers,
but the tro po sphere is the layer where all of Earth’s weather oc curs.
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Hor mones
Hor mones
HORMONES

Year of Dis cov ery: 1902

What Is It? Chem i cal mes sen gers that trig ger ac tion in var i ous or gans within
the body.

Who Dis cov ered It? Wil liam Bayliss and Ernst Star ling

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

At the dawn of the twen ti eth cen tury, sci en tists thought that all con trol sig nals in the
hu man body were sent elec tri cally along nerve fi bers. Then Bayliss and Star ling dis cov ery
that chem i cal mes sen gers (called hor mones) as well as elec tric sig nals trig ger body or gans
to func tion. This star tling dis cov ery started a whole new field of med i cal sci ence: en do cri -
nol ogy. It rev o lu tion ized phys i ol ogy and has been called one of the great est dis cov er ies of
all time related to the human body.

Once dis cov ered and com mer cially pro duced, these hor mones were hailed as mir a cle
drugs when made avail able in the mar ket place. Adren a lin (the first hor mone to be dis cov -
ered) was the first “block buster” drug of the twen ti eth cen tury. Other hor mones fol lowed
close behind.

How Was It Dis cov ered?
How Was It Dis cov ered?

Bayliss and Star ling get credit for dis cov er ing hor mones. How ever, we must give
some credit to those who, sev eral years be fore, ac tu ally dis cov ered the first hor mone—even 
though they did not re al ize the true sig nif i cance of their discovery.

Dur ing a long se ries of an i mal ex per i ments in 1894, Brit ish phys i ol o gist Ed ward Al -
bert Sharpey-Schafer showed that fluid ex tracted from the ad re nal gland would raise blood
pres sure if in jected into an an i mal’s blood stream. He thought it in ter est ing, but did not see
any prac ti cal value to his find. In 1898 Amer i can phar ma col o gist John Abel rec og nized the
med i cal value of this sub stance and stud ied its or i gin and chem is try. He iso lated the key
chem i cal in this fluid and named it epi neph rine (from the Greek words mean ing “above the
kid ney,” since that’s where the adrenal gland is housed).

Two years later, Jap a nese en tre pre neur and chem ist Jokichi Takamine set up a lab in
New York to cre ate a syn thetic ver sion of epi neph rine in pure crys tal line form that could be
com mer cially pro duced. In 1901 he suc ceeded, and called it adren a line be cause the nat u ral
chem i cal came from the ad re nal gland. While Takamine re al ized the com mer cial value of
his cre ation (and quickly pat ented the name and man u fac tur ing pro cess), he did not take
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note of the bi o log i cal sig nif i cance of find ing a chem i cal sub stance that trav eled through the
blood stream to deliver an activation message to an organ.

In 1902 two pro fes sors and med i cal re searches at Uni ver sity Col lege of Lon don be gan
a study of di ges tive juices. One was 40-year-old Wil liam Bayliss. His part ner was his
34-year-old brother-in-law, Ernst Starling.

Med i cal sci en tists knew that the pan creas be gan to se crete di ges tive juice as soon as
the food con tent in the stom ach first en tered the small in tes tine. But how did the pan creas
know that it should be gin to pro duce juice at that mo ment? All as sumed an elec tric sig nal
was some how sent through nerve cells. Bayliss and Star ling de cided to test this theory.

They cut the nerves lead ing to the pan creas of a lab o ra tory dog. Yet the pan creas still
per formed on cue. Upon close ex am i na tion, they found that the lin ing of the dog’s small in -
tes tine se creted a liq uid sub stance as soon as stom ach acid reached it. This fluid (which they 
named secretin) trav eled through the blood stream to the pan creas and sig naled the pan creas
to leap into action.

Un like Takamine, Bayliss and Star ling in stantly re al ized that this was the first doc u -
mented case of a sig nal be ing sent chem i cally through the body in stead of elec tri cally along
nerve fi bers. They an nounced their find ings, to the de light and won der of the sci en tific
community.

Bayliss sus pected that many more such chem i cal mes sen gers ex isted and would be
found. As soon as he read a re port on Takamine’s work, Bayliss re al ized that Takamine had
dis cov ered an other in this group of chem i cal mes sen gers when he iso lated adrenalin.

In 1905 Star ling coined the name hor mones for this grow ing group of chem i cal mes -
sen gers, from the Greek words mean ing “to arouse to ac tiv ity.” The third hor mone to be dis -
cov ered was cor ti sone, in 1935, by Amer i can bio chem ist Ed ward Cal vin. Now, al most 30
hor mones have been dis cov ered that speed sig nals through your body, and their im por tance
can hardly be overstated.

Fun Facts: Rob ert Earl Hughes, the world’s larg est man, weighed 484
kg (1,067 lb.) at his death in 1958. Years af ter his death, sci en tists dis cov -
ered that he had too lit tle of the hor mone thy roxin in his sys tem. With out
this vi tal hor mone, his body could n’t burn the food he ate, and so his
body con tin u ally stored it as fat.
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Year of Dis cov ery: 1905

What Is It? The first es tab lished re la tion ship be tween mat ter and en ergy.

Who Dis cov ered It? Al bert Ein stein

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

For all of his tory, mat ter was mat ter and en ergy was en ergy. The two were sep a rate,
un re lated con cepts. Then Ein stein es tab lished the re la tion ship be tween mat ter and en ergy
by cre at ing the most fa mous equa tion in the his tory of hu man kind, E = mc2. (The sec ond
most fa mous is the Py thag o rean The o rem for a right tri an gle, A2 = B2 + C2.)

Ein stein’s equa tion for the first time de fined a quan ti fied re la tion ship be tween mat ter
and en ergy. It meant that these two as pects of the uni verse that had al ways been thought of
as sep a rate were re ally in ter change able.

This one equa tion al tered the di rec tion of phys ics re search, made Michelson’s cal cu la -
tion of the speed of light (1928) crit i cal, and led di rectly to the nu clear bomb and nu clear en -
ergy development.

How Was It Dis cov ered?
How Was It Dis cov ered?

In 1903, 24-year-old Al bert Ein stein landed a job as a pat ent clerk for the Swiss pat ent
of fice. His whole job was to check the tech ni cal cor rect ness of pat ent sub mis sions. Though
he had al ways dreamed of, and aimed for, a ca reer in sci ence, he had ut terly failed to gain an
en try into that world. He had failed high school and was barred from teaching.

He had mar ried his high school girl friend. He was a low-level bu reau crat scrap ing by
in Berne, Swit zer land, and it seemed that that was all he would ever be.

Though he had been shunned in his for mal ed u ca tion, Ein stein was still a pas sion ate
am a teur math e ma ti cian and phys i cist. He spent vir tu ally all of his free time mull ing over the 
great mys ter ies and prob lems fac ing phys i cists of the day.

Ein stein worked best through what he called mind ex per i ments. He searched for vivid
men tal im ages that would shed new light on, and pro vide a new per spec tive on, com plex
phys ics prob lems. Then he ap plied the math e mat ics he knew so well to ex plain the im ages
and to un der stand their phys ics implications.

By 1904 Ein stein was at tempt ing to ex tend the ex ist ing phys ics of the day by fo cus ing
on the re la tion ships be tween light, space, and time. He was able to show that light ex ists as
both waves and as par ti cles. (A par ti cle, or quanta, of light we call a photon.)

111



This work led to Ein stein’s rev o lu tion ary con cept of rel a tiv ity. From the math e mat ics
that de scribed this con cept, he came to sev eral star tling con clu sions. Time was as rub bery as 
space. It slowed down as an ob ject sped up. Ob jects in crease in mass as they ap proach
nearer to light speed. Ein stein’s the ory of rel a tiv ity es tab lished a di rect link be tween space
and time and showed that they both warp around heavy ob jects (like stars). Their mea sure -
ment is only pos si ble in a relative, not an absolute, sense.

From this the o ret i cal foun da tion, Ein stein con tin ued his math e mat i cal de vel op ment
and showed that, as an ob ject ap proaches the speed of light, its length de creases, its mass in -
creases, and time slows down. (This con cept was later con firmed with pre ci sion clocks car -
ried on high-speed jet airplanes.)

If mat ter changed as it sped up, then mat ter and en ergy had to be some how re lated to
each other. Ein stein re al ized that his the ory of rel a tiv ity showed that mat ter has to be a
highly con cen trated form of en ergy. He sus pected that he could de duce a math e mat i cal re la -
tion ship between the two.

Ein stein re al ized that this rev o lu tion ary con cept con tra dicted the famed and com -
pletely ac cepted con cepts of con ser va tion of mass (Lavoisier, 1789) and con ser va tion of
en ergy (Hemholtz, 1847). Ein stein was say ing that these two gi ants of sci ence were both
wrong and that nei ther en ergy nor mat ter were in de pend ently con served. How ever, com -
bined, the to tal en ergy in this en ergy-mat ter system had to still be conserved.

Ein stein viewed the en ergy-mat ter equa tion he de rived (E = mc2) like frost ing on the
cake of his rel a tiv ity the ory. He sub mit ted an ar ti cle on it al most as an af ter thought to his
the ory of rel a tiv ity, as a se quel to it. To Ein stein, this equa tion was only of in ter est as a
phys ics and sci ence con cern, as a way to view the the o ret i cal in ter change be tween mass and 
en ergy. He did not think it was particularly important.

Oth ers, how ever, quickly re al ized the im pli ca tions of Ein stein’s equa tion for weap ons
de sign and for nu clear en ergy pro duc tion. “The world,” said Aldous Huxley af ter re view ing 
Ein stein’s phys ics, “is not only queerer than we imag ine, it is queerer than we can imagine.”

Fun Facts: Ein stein’s fa mous equa tion tells us ex actly how much en ergy 
ex ists in any given ob ject (or mass). How ever, only one re ac tion re leases
all of this en ergy: a mat ter–an ti mat ter col li sion, the only per fect con ver -
sion of mat ter into en ergy in our uni verse.
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More to Ex plore

Bartusiak, Mar cia. Ein stein’s Un fin ished Sym phony: Lis ten ing to the Sounds of
Space-Time. Wash ing ton, DC: Jo seph Henry Press, 2000.

Bernstein, Jeremy. Ein stein. New York: Pen guin, 1995.

Brian, Denis. Ein stein: A Life. New York: John Wiley & Sons, 1996.

Calaprice, Al ice. The Quot able Ein stein. Prince ton, NJ: Prince ton Uni ver sity Press,
1996.

Folsing, Albrecht. Al bert Ein stein: A Bi og ra phy. New York: Vi king, 1997.

Gold smith, Don ald. The Ul ti mate Ein stein. New York: By ron Press, 1997.

112   E = mc2



Gold smith, Maurice, ed. Ein stein: the First Hun dred Years. New York: Pergamon
Press, 1996.

Overbye, Den nis. Ein stein in Love: A Sci en tific Ro mance. New York: Vi king, 2000.

Parker, Barry. Ein stein’s Dream: The Search for a Uni fied The ory of the Uni verse.
New York: Ple num, 2000.

Whitrow, G., ed. Ein stein: The Man and His Achieve ments. New York: Do ver Pub li -
ca tions, 1997.

More to Ex plore   113



Rel a tiv ity
Rel a tiv ity
RELATIVITY

Year of Dis cov ery: 1905

What Is It? Ein stein’s the ory that space and time merge to form the fab ric of
the uni verse that is warped and molded by grav ity.

Who Dis cov ered It? Al bert Ein stein

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Al bert Ein stein is one of only three or four sci en tists in his tory who have changed the
fun da men tal ways in which hu mans view the uni verse. Ein stein’s the ory of rel a tiv ity
changed hu man kind’s core as sump tions con cern ing the na ture of the uni verse and of
Earth’s and of humans’ place in it.

The twen ti eth cen tury’s de vel op ments in tech nol ogy, sci ence, and math owe their
foun da tion to this un as sum ing sci en tist in a deep and fun da men tal way. He has touched our
lives prob a bly more than any other sci en tist in his tory. But for the first 26 years of his life,
no one thought he had any chance of en ter ing the world of science at all.

How Was It Dis cov ered?
How Was It Dis cov ered?

Raised in Mu nich, Ger many, Al bert Ein stein showed no early signs of ge nius. He was
de scribed as a dull child who didn’t play well with other chil dren. Gram mar school teach ers
called him irk some and dis rup tive. At 16 he was ex pelled from school. Al bert’s fa ther en -
cour aged him to ap ply to the Poly tech nic In sti tute in Zu rich, Swit zer land, and learn a trade
to help support the family.

But Al bert failed the en trance exam. A school ad min is tra tor was, how ever, im pressed
with Al bert’s math abil i ties and ar ranged for him to com plete high school in nearby Aarua,
Swit zer land. At 17, Al bert trans ferred to Zurich.

There he showed prom ise in math and sci ence, but piled up far too many dis ci pline re -
ports. He was free with his opin ions whether they were of fen sive or not. His teach ers gave
him bad re ports. One called him “a lazy dog.”

Ein stein hoped to teach af ter grad u a tion but his grades were n’t good enough. He
dropped out of sci ence in dis gust and sup ported him self with odd jobs. In 1902 he landed a
job as a clerk in the Swiss Pat ent Of fice, as signed to check the tech ni cal cor rect ness of pat -
ent ap pli ca tions. It ap peared that all doors lead ing to a sci ence ca reer had been firmly
closed.
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It was while rid ing on a Berne, Swit zer land, trol ley car in the spring of 1904 that the
im age first flashed across Al bert Ein stein’s mind. It was an im age of a man in an el e va tor
that was fall ing from a great height. Ein stein re al ized im me di ately that the im age of this
“thought ex per i ment” could bring fo cus to a prob lem that had been plagu ing him (and all of
science) for years.

Ein stein re al ized that the man in the el e va tor would not know he was fall ing be cause,
rel a tive to his sur round ings (the el e va tor), he was n’t fall ing. The man—like us—would not
be able to de tect that he (and his el e va tor) were caught in, and be ing pulled by, a grav i ta -
tional field. If a hor i zon tal light beam en tered the side of the el e va tor, it would strike the far
wall higher up be cause the el e va tor would have dropped while the light beam crossed. To
the man, it would ap pear that the light beam bent up wards. From our per spec tive (rel a tive to 
us), grav i ta tional fields bend light. Light not only could be, but rou tinely was, bent by the
gravitational fields of stars and planets.

It was a rev o lu tion ary con cept, wor thy of one of the world’s great est sci en tific minds.
Ein stein reg u larly used these imag i na tive “thought ex per i ments” to shed light on com plex
ques tions of gen eral prin ci ples. It was a new and unique way to ap proach the study of phys -
ics and led Ein stein to write a se ries of four pa pers, which he sub mit ted to a sci ence jour nal
in 1905. One of those four pa pers pre sented the spe cial the ory of rel a tiv ity (rel a tiv ity prin ci -
ples ap plied to bod ies ei ther mov ing at a steady ve loc ity or at rest). Im pressed, the jour nal
pub lished all four pa pers in a sin gle is sue. An other pre sented Einstein’s relation between
matter and energy.

The pa pers from this “am a teur” math e ma ti cian had a deep, in stant, and pro found ef -
fect in the sci en tific com mu nity. One was ac cepted as a doc toral the sis by Zu rich Uni ver -
sity, which granted Einstein a Ph.D.

Vir tu ally all phys i cists shifted their stud ies to fo cus on Ein stein’s the o ries.
In 1916, with war rag ing across Eu rope, Ein stein pub lished his gen eral the ory of rel a -

tiv ity, which de scribed rel a tiv ity the ory ap plied to ob jects mov ing in more com plex ways
with non lin ear ac cel er a tion. The world applauded.

Fun Facts: We know that the look and sound of mov ing ob jects ap pear
and sound dif fer ent de pend ing on whether the re ceiver is sta tion ary or
mov ing. Spe cial rel a tiv ity is based on the mind-bog gling con cept that, no 
mat ter how fast you travel, the speed of light ap pears to re main the same!
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Vi ta mins
Vi ta mins
VITAMINS

Year of Dis cov ery: 1906

What Is It? Trace di etary chem i cal com pounds that are es sen tial to life and
health.

Who Dis cov ered It? Christiaan Eijkman and Fredrick Hopkins

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

We la bel foods by their vi ta min con tent. We spend bil lions of dol lars ev ery year
buying vi ta min sup ple ments. Vi ta mins are es sen tial to life and health. Yet any aware ness
of vi ta mins—even the very no tion of vi ta mins—is only 100 years old. It had not oc curred to 
any one to search for trace el e ments in food that hu man bod ies needed. They had only con -
sid ered mea sur ing the amount of food and the cal o ries in it.

The dis cov ery of vi ta mins rev o lu tion ized nu tri tional sci ence and the pub lic’s aware -
ness of health, diet, and nu tri tion. It rad i cally changed bi o log i cal sci ence and the study of
how the hu man body functions.

How Was It Dis cov ered?
How Was It Dis cov ered?

Dur ing the early 1890s, the dis ease beri beri wreaked havoc on the Dutch East In dia
Com pany’s op er a tions in In dia. Since Pas teur had dis cov ered germs, sci en tists as sumed
that all dis eases were caused by germs. Yet Com pany doc tors could find no germ for
beriberi.

In 1896, 35-year-old Dutch phy si cian Christiaan Eijkman trav eled to In dia to try his
luck at the in ves ti ga tion. Shortly af ter he ar rived, a mas sive out break of beri beri swept
through the flock of chick ens at the re search fa cil ity used for bac te ri o log i cal research.

Eijkman be gan fran tic re search on the dis eased flock when, just as sud denly, the dis -
ease van ished. Eijkman was baf fled un til he in ter viewed the cook who fed the chick ens and
found that, just be fore and dur ing the out break, he had switched the chick ens’ feed to white
rice in tended for hu man con sump tion. When com pany of fi cials had yelled at him for feed -
ing ex pen sive pol ished (white) rice to chick ens, the cook had switched back to nor mal
chicken feed using brown rice.

He found that he could cause beri beri at will by switch ing chicken feed to white (pol -
ished) rice and cure it by switch ing back. He ex am ined lo cal jail di ets and found that where
pris on ers were fed a diet of brown rice, no beri beri oc curred. In jails that used white rice,
beri beri out breaks were common.
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Eijkman be lieved that some thing in brown rice cured beri beri and wrote a re port
claim ing vic tory over the dis ease. He never con sid ered looked at it the other way: that beri -
beri was caused by the ab sence of some thing that was pres ent in brown rice.

Fred er ick Hopkins was an Amer i can med i cal re searcher who was born as the Civil
War broke out in 1861. In 1900 he iso lated an amino acid. (Other re search ers had dis cov -
ered two oth ers be fore him but had not in ves ti gated their im por tance.) Hopkins called his
amino acid tryptophan. From a re view of other re search, he found that farm an i mals could
not be kept alive if their only sources of pro tein were things that in cluded no tryptophan. No
mat ter how much pro tein they got, an i mals seemed to re quire trace amounts of tryptophan 
to survive.

By 1906 chem ists had iso lated at least 13 amino ac ids. Each was an es sen tial build ing
block of pro tein mol e cules. It oc curred to Hopkins that these par tic u lar amino ac ids (which
were com monly found in foods) were es sen tial to life. Not for the pro tein and cal o ries they
pro vided; those could come from any where. There was some thing else these amino ac ids
pro vided that was es sen tial to life—even if only sup plied in trace amounts.

Hopkins re viewed Eijkman’s work and dis cov ered that it was an amino acid in brown
rice feed that pre vented beri beri. He found that it was not just fruit that pre vented scurvy (as
first dis cov ered by Lind in 1747). It was a par tic u lar amino acid in fruit.

Hopkins de cided that dis eases such as beri beri, scurvy, pel la gra, and rick ets were not
caused by a thing (a germ) but by the ab sence (or de fi ciency) of some thing. Hopkins be -
lieved that these dis eases were caused by a di etary de fi ciency of amine groups of mol e cules
(com bi na tions of ni tro gen and hy dro gen at oms found in amino ac ids). He named this group
of ac ids by com bin ing the Latin word for life with “amines” and got vitamines.

A few years later, re search ers dis cov ered that not all es sen tial vi ta mins con tained
amines. They dropped the “e” to form the word vi ta min—which we still use to day. How -
ever, re search in nu tri tion has ever since been shaped by Hopkins’s dis cov ery of vitamins.

Fun Facts: Think all sweets are bad for you? Her shey’s Sugar Free
Choc o late Syrup has 10 per cent vi ta min E per serv ing.

More to Ex plore
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Ra dio ac tive Dat ing
Ra dio ac tive Dat ing
RADIOACTIVE DATING

Year of Dis cov ery: 1907

What Is It? The use of ra dio ac tive de cay ing el e ments to cal cu late the age 
of rocks.

Who Dis cov ered It? Bertram Boltwood

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Noth ing is more ba sic than know ing your age—or the age of your house, or of a tree in
your yard. For sci ence, the same is true for Earth and for the rocks that make up Earth’s
crust.

Sci en tists had been es ti mat ing Earth’s age for thou sands of years. How ever, these
were lit tle more than guesses. Boltwood dis cov ered the first re li able way to cal cu late the
age of a rock. Since some rocks are nearly as old as the earth, dat ing these rocks pro vided
the first rea son able es ti mate of Earth’s age.

Boltwood’s dis cov ery also al lowed sci en tists to date in di vid ual rock lay ers and strata
and to study the his tory of Earth’s crust. It led to ag ing tech niques de vel oped for plants,
doc u ments, so ci et ies, and an cient build ings. Boltwood gave back to ge ol ogy a sense of time 
that the misestimates of pre vi ous re search ers had taken away.

How Was It Dis cov ered?
How Was It Dis cov ered?

Ra dio ac tiv ity was dis cov ered by Ma rie Cu rie at the end of the nine teenth cen tury. In
1902 Fred er ick Soddy (who later dis cov ered iso topes) and Ernst Rutherford jointly dis cov -
ered that ura nium and tho rium ra dio ac tively de cayed at a con stant rate. (It al ways takes ex -
actly the same amount of time for ex actly half of the ra dio ac tive at oms in a sam ple to de cay.
It’s called a half-life.) They also dis cov ered that these two ra dio ac tive el e ments fissioned
(ra dio ac tively de cayed) into other el e ments in a fixed se quence—they al ways fissiioned in
the same way into the same el e ments. The stage was set for some one to figure out how to
use this new information.

Bertram Boltwood was born in 1870 in Amherst, Mas sa chu setts. He stud ied phys ics
(and later taught phys ics) at Yale Uni ver sity. While do ing re search in 1905, Boltwood no -
ticed that when he an a lyzed the com po si tion of min er als con tain ing ura nium or tho rium, he
always found lead.

Think ing that this find might be sig nif i cant, he stud ied 43 min eral sam ples and ranked
them by their es ti mated age. The amount of lead in these sam ples al ways in creased as the
sam ples grew older, just as the amount of ura nium in them de creased. Boltwood con cluded
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that the ra dio ac tive de cay se ries start ing with ura nium ended by cre at ing lead—which was
not ra dio ac tive. (Ura nium even tu ally de cayed into lead.) He stud ied the same pro cess with
tho rium min er als and found the same result.

Boltwood sur mised that, if ura nium and tho rium de cayed at fixed, known rates, then
he should be able to use the amount of lead and the amount of ei ther of these ra dio ac tive ma -
te ri als in a rock sam ple to de ter mine how old the rock is—that is, how long it had been since
the ra dio ac tive de cay pro cess in that rock be gan. In his test sam ples, he used a Gei ger coun -
ter to es ti mate how many at oms of ura nium de cayed per min ute and an early mass spec -
trom e ter to de ter mine how much of each trace el e ment existed in the rock sample.

Know ing how much lead and ura nium cur rently ex isted in the sam ple, know ing how
fast the ura nium de cayed, and know ing the half-life of that par tic u lar ura nium iso tope,
Boltwood could then cal cu late how long ra dio ac tive de cay had been oc cur ring in that rock.
This would tell him how old the rock was.

In 1907 Boltwood pub lished his cal cu la tions for the ages of 10 min eral sam ples. In ev -
ery case they were star tlingly old, show ing that these rock sam ples (and the earth) were
tens—and even hun dreds—of times older than pre vi ously thought. Boltwood es ti mated the
age of Earth at over 2.2 bil lion years (low based on pres ent knowl edge, but well over 10
times older than any pre vi ous estimate).

In 1947 Amer i can chem ist Wil lard Libby re al ized that the re cently dis cov ered car bon
iso tope, car bon-14, could be used to date plant and an i mal re mains in the same way that ura -
nium was used to date rocks. Libby’s car bon-14 dat ing ac cu rately dated plant tis sue back to
45,000 years and has been used to date pa per sam ples as well as plant tissue.

Fun Facts: Ra dio met ric dat ing can be per formed on sam ples as small as
a bil lionth of a gram. The ura nium-lead ra dio met ric dat ing scheme is one
of the old est avail able, as well as one of the most highly re spected. It has
been re fined to the point that any er ror in dates of rocks about three bil -
lion years old is no more than two mil lion years. The mea sure ment is
99.9 per cent ac cu rate.

More to Ex plore
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Func tion of Chro mo somes
Func tion of Chro mo somes
FUNCTION OF CHROMOSOMES

Year of Dis cov ery: 1909

What Is It? Genes are grouped (linked) in groups that are strung along 
chro mo somes.

Who Dis cov ered It? T. H. Mor gan

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Mor gan’s dis cov ery that genes were linked into groups and strung along chro mo somes 
was the sec ond ma jor step in peel ing back the mys tery of he red ity and evo lu tion. Mor gan’s
dis cov ery formed much of the foun da tion for later dis cov er ies of how genes and chro mo -
somes do their work as well as the struc ture of the DNA molecule.

Men del es tab lished that traits (called “genes”) are passed from par ents into the next
gen er a tion. Dar win es tab lished the con cepts that dic tated evo lu tion of spe cies. Still, sci ence 
had no idea how spe cies evolved or how in di vid ual genes were passed to new generations.

Study ing a spe cies of fruit flies, Pro fes sor T. H. Mor gan at Co lum bia Uni ver sity both
proved that Men del’s the ory was cor rect and es tab lished the ex is tence of chro mo somes as
the car ri ers for genes.

How Was It Dis cov ered?
How Was It Dis cov ered?

By 1910, 44-year-old pro fes sor T. H. Mor gan was the head of the bi ol ogy de part ment
at New York’s Co lum bia Uni ver sity. All his en ergy, how ever, he saved for his re search.
Mor gan re fused to ac cept Men del’s the o ries on he red ity. Mor gan didn’t be lieve in the ex is -
tence of genes since no one had physically seen a gene.

Nei ther did he ac cept Dar win’s con cept of sur vival of the fit test as the driv ing force of
evo lu tion. Mor gan be lieved that evo lu tion came from ran dom mu ta tions that slowly
worked their way into and through a pop u la tion. Mor gan cre ated “The Fly Room” to prove
his ideas.

Mor gan’s Fly Room lab o ra tory was a small, messy room with the over pow er ing reek
of rot ting ba nanas. Two walls were lined floor to ceil ing with rows of corked glass bot tles
con tain ing tens of thou sands of tiny fruit flies. Their con stant buzz was dif fi cult to talk over.

He chose to study fruit flies for four rea sons. First, they were small (only ¼-inch long).
Sec ond, they lived their en tire lives on noth ing but mashed ba nana. Third, they cre ated a
new gen er a tion in less than two weeks. Mor gan could study al most 30 gen er a tions a year.
Fi nally, they had few genes and so were much eas ier to study than more com plex species.
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Mor gan searched and waited for a ran dom phys i cal mu ta tion (like eye color) to ap pear
in one of the thou sands of fruit flies born each month. He would then care fully track that
mu ta tion through sub se quent gen er a tions to see if spread across the pop u la tion and proved
his the ory. It was a mind-numb ing ef fort for Mor gan and his as sis tants. Each month, many
thou sands of new fruit flies had to be care fully ex am ined un der the microscope for
mutations.

In Sep tem ber 1910 Mor gan found a mu ta tion—a male fruit fly with clear white eyes
in stead of the nor mal deep red. The white-eyed male was care fully seg re gated in his own
bot tle and mated with a nor mal red-eyed female.

If the eyes of these hatch lings were white, off-white, or even rose col ored (as Mor gan
be lieved they would be), this ran dom mu ta tion—that pro vided no real Dar win ian sur vival
ben e fit or ad van tage—would have evolved (per ma nently changed) the spe cies and Mor -
gan’s the ory of evo lu tion by mu ta tion would have been confirmed.

It took three days to ex am ine the 1,237 new flies. Ev ery one had nor mal red eyes. Mor -
gan was crushed. The mu ta tion had dis ap peared. It had n’t changed the spe cies at all. Mor -
gan was wrong.

By Oc to ber 20 the grand chil dren of the orig i nal white-eyed male were hatched.
One-quar ter of this gen er a tion had white eyes; three-quar ters had nor mal red eyes. 3 to 1:
That was Men del’s ra tio for the in ter ac tion of a dom i nant and a re ces sive characteristic.
T. H. Mor gan’s own ex per i ment had just proved him self wrong and Men del’s gene the ory
right!

Ad di tional mu ta tions oc curred fre quently over the next two years. By study ing these
mu ta tions and their ef fect on many gen er a tions of descendents, Mor gan and his as sis tants
re al ized that many of the in her ited genes were al ways grouped to gether. (They called it
“linked.”)

By 1912 the team was able to es tab lish that fruit fly genes were linked into four groups. 
Know ing that fruit flies had four chro mo somes, Mor gan sus pected that genes must be
strung along, and car ried by, chro mo somes. Af ter 18 months of ad di tional re search, Mor -
gan was able to prove this new the ory. Chro mo somes car ried genes, and genes were strung
in fixed-or der lines (like beads) along chromosomes.

While at tempt ing to dis prove Men del’s work, Mor gan both con firmed that Men del
was right and dis cov ered the func tion of chro mo somes and the re la tion ship be tween chro -
mo somes and genes.

Fun Facts: Fruit flies can lay up to 500 eggs at a time, and their en tire
lifecycle is com plete in about a week.

More to Ex plore
More to Ex plore
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An ti bi ot ics
ANTIBIOTICS
ANTIBIOTICS

Year of Dis cov ery: 1910

What Is It? Chem i cal sub stances that kill in fec tious mi cro scopic or gan isms
with out harm ing the hu man host.

Who Dis cov ered It? Paul Ehrlich

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

The word “an ti bi otic” co mes from the Greek words mean ing “against life.” Early folk
med i cine re lied on some nat u ral com pounds that cured cer tain dis eases—the ground bark of 
a tree, cer tain cheese molds, cer tain fungi. Doc tors knew that these nat u ral com pounds
worked, but had no idea of how or why they worked.

Paul Ehrlich con ducted the first mod ern chem i cal in ves ti ga tion of an ti bi ot ics and dis -
cov ered the first an ti bi otic chem i cal com pounds. His work opened a new era for med i cal
and phar ma co log i cal re search and founded the field of che mo ther apy. An ti bi ot ics (pen i cil -
lin, dis cov ered in 1928, is the most fa mous) have saved many mil lions of lives and trace
their modern origin to Paul Ehrlich’s work.

How Was It Dis cov ered?
How Was It Dis cov ered?

Paul Ehrlich was born in Ger many in 1854. A gifted stu dent, he en tered grad u ate
school to study for a med i cal de gree. There he be came deeply in volved in the pro cess of
stain ing mi cro scopic tis sue sam ples so that they would show up better un der the mi cro -
scope. The prob lem was that most dyes de stroyed the tis sue sam ples be fore they could be
viewed. Ehrlich strug gled to find new dyes that would n’t harm or kill del i cate mi cro scopic
or gan isms. This work showed Ehrlich that some chem i cal com pounds killed some types of
tis sue and made him won der if the process could be controlled.

By 1885 it had be come clear that the caus ative agent for many ill nesses was mi cro or -
gan isms. Many sci en tists made a great ef fort to study these bac te ria un der the mi cro scope.
Again Ehrlich found that many of the avail able dyes and stains killed the or gan isms be fore
they could be stud ied. This find ing in spired Ehrlich to pro pose that chem i cal com pounds
may ex ist that could kill these or gan isms with out harm ing the hu man pa tient, thus cur ing an 
ill ness by killing only its causative agent.

In the mid-1890s, Ehrlich shifted his fo cus to stud ies of the im mune sys tem and how to 
con trol the re ac tion be tween chem i cal tox ins and an ti tox ins. Again it oc curred to Ehrlich
that, just as an ti tox ins spe cif i cally sought a toxin mol e cule to which they were re lated and
de stroyed it, so, too, he might be able to cre ate a chem i cal sub stance that would go straight
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to some dis ease-caus ing or gan ism and de stroy it. Ehrlich called such a chem i cal sub stance a 
“magic bul let.” It seemed that 25 years of work had led him directly to this idea.

Dur ing this same pe riod, many spe cific dis ease-caus ing bac te ria were be ing iden ti fied
and stud ied. This gave Ehrlich well-un der stood tar gets to at tack as he sought ways to cre ate
magic bul lets. He chose to start with spirochaete, the mi cro or gan ism that caused syph i lis.
Ehrlich be gan test ing dif fer ent chem i cals us ing an ar senic base for his com pounds. Ar senic
had been ef fec tive in de stroy ing a number of other microorganisms.

By 1907, Ehrlich had reached the 606th com pound to be tested. He tested this com -
pound on rab bits in fected with syph i lis. It cured the rab bits. Ehrlich named it sal var san and
con ducted over 100 ad di tional tests to be sure it worked and that it would n’t harm hu man
pa tients. He then worked for two more years to de velop a form of this drug that was eas ier to 
man u fac ture and that was eas ier to ad min is ter. Of the thou sand vari a tions he tried, ver sion
num ber 914 was the best. He named it neo sal var san.

Ehrlich’s fi nal test of neo sal var san was to give it to ter mi nal pa tients suf fer ing from the 
de men tia that was the fi nal stage of syph i lis. While neo sal var san helped all of these pa -
tients, re mark ably, sev eral com pletely recovered.

Neo sal var san was the first man-made chem i cal that would spe cif i cally de stroy a
tar get or gan ism and not af fect the hu man pa tient. This dis cov ery founded the field of
che mo ther apy.

Fun Facts: Re sis tance to an ti bi ot ics works by the or di nary rules of nat u -
ral se lec tion: that seg ment of the bac te ria pop u la tion that has a nat u ral
abil ity to coun ter the drug’s ef fect will sur vive, so that their genes even -
tu ally are shared by the en tire pop u la tion. Many dis ease-caus ing vi ruses
and bac te ria have de vel oped vir tual im mu nity to many an ti bi ot ics, mak -
ing med i cal plan ners fear mas sive dis ease out breaks in the near fu ture.

More to Ex plore
More to Ex plore
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Fault Lines
FAULT LINES
FAULT LINES

Year of Dis cov ery: 1911

What Is It? Earth quakes hap pen both along, and be cause of, fault lines in the
earth’s crust.

Who Dis cov ered It? Harry Reid

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Sci en tists now know that they can pre dict the lo ca tions of fu ture earth quakes by map -
ping the lo ca tions of fault lines. How ever, just a cen tury ago this sim ple truth was not
known.

Harry Reid’s dis cov ery that earth quakes hap pen along ex ist ing fault lines pro vided the 
first un der stand ing of the source and pro cess of earth quakes. This dis cov ery laid the foun -
da tion for the dis cov ery of Earth’s crustal plates and plate tec ton ics in the late 1950s.

Reid’s dis cov ery was called a ma jor break through in earth sci ence and pro vided the
first ba sic un der stand ing of Earth’s in ter nal pro cesses and of how rocks be have un der
stress.

How Was It Dis cov ered?
How Was It Dis cov ered?

By 1750, sci en tists knew that there were fault lines (like long cracks) snak ing through
Earth’s up per crust where two dis sim i lar kinds of rocks came to gether. By 1900, sci en tists
knew that these fault lines were as so ci ated with earth quakes.

The mis take sci en tists made, how ever, was to agree that earth quakes caused the fault
lines. It was as though the crust had been a smooth block of rock that had been cracked by an 
earth quake, with one side slid ing past the other to cre ate the rock mis match. Earth quakes
hap pened, and fault lines were the tell tale res i dues of past earthquakes.

 Harry Field ing Reid was born in Bal ti more in 1859. When he re ceived his early
school ing in Swit zer land, these ideas were what were taught in ge ol ogy classes. They were
what Reid learned. How ever, earth quakes and fault lines were of lit tle in ter est to Reid. Liv -
ing in Swit zer land fo cused his pri mary in ter est on moun tains and glaciers.

Reid re turned to Bal ti more to at tend col lege at Johns Hopkins Uni ver sity in 1865 (at
the age of 16). He stayed long enough to re ceive a doc tor ate in ge ol ogy in 1885. Be gin ning
in 1889, Reid took po si tions as a uni ver sity pro fes sor with a re search em pha sis on glaciers.

Reid trav eled ex ten sively through Alaska and the Swiss Alps map ping and study ing
gla ciers, their move ment, their for ma tion, and their ef fects on the land scape. He wrote ar ti -
cles and pa pers on gla cial struc ture and movement.
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In April 1906 the great San Fran cisco earth quake struck and most of the city ei ther top -
pled or was burned. In late 1906 the state of Cal i for nia formed the Cal i for nia State Earth -
quake In ves ti ga tion Com mis sion to study the San Fran cisco earth quake and to de ter mine
the risk to the state of pos si ble fu ture earth quakes. Reid was asked to serve as a mem ber of
this nine-member commission.

This com mis sion study turned Reid’s in ter est to ward earth quakes and fault lines. He
mapped and stud ied the San Andreas fault line and roamed the cen tral Cal i for nia coastal re -
gion map ping other fault lines. Al ways he searched for an an swer to the ques tion: What
caused earthquakes?

Reid care fully stud ied the rocks along Cal i for nia fault lines and con cluded that they
suf fered from long-term phys i cal stress, not just from the jolt of a sud den earth quake. Reid
saw that great stresses must have ex isted in the rocks along the San Andreas fault line for
cen tu ries—even for mil len nia—be fore the earth quake happened.

That meant that the fault lines had to have ex isted first and stress along them caused the 
earth quake. Stress built up and built up in the rocks un til they snapped. That “snap” was an
earth quake.

Reid de vel oped the im age of the rock lay ers along fault lines act ing like rub ber bands.
Stresses deep in the earth along these fault lines pulled the rocks in dif fer ent di rec tions,
caus ing these rocks to stretch—like elas tic. Once the stress reached the break ing point, the
rocks elas ti cally snapped back—caus ing an earthquake.

Fault lines caused earth quakes, not the other way around. That meant that study ing
fault lines was a way to pre dict earth quakes, not merely study their af ter math. Reid had dis -
cov ered the sig nif i cance of the earth’s spi der web maze of fault lines.

Fun Facts: The de struc tive San Fran cisco earth quake of 1906 hor i zon -
tally shifted land sur faces on ei ther side of the San Andreas fault up to 21
ft (6.4 m).
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Su per con duc tiv ity
SUPERCONDUCTIVITY
SUPERCONDUCTIVITY

Year of Dis cov ery: 1911

What Is It? Some ma te ri als lose all re sis tance to elec tri cal cur rent at super-low 
tem per a tures.

Who Dis cov ered It? Heike Kamerlingh Onnes

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Su per con duc tiv ity is the flow of elec tri cal cur rent with out any re sis tance to that flow.
Even the best con duc tors have some re sis tance to elec tri cal cur rent. But su per con duc tors do 
not. Un for tu nately, su per con duc tors only ex ist in the ex treme cold of near absolute zero.

Even though the prac ti cal ap pli ca tion of this dis cov ery has not yet been re al ized, su -
per con duc tiv ity holds the prom ise of super-ef fi cient elec tri cal and mag netic mo tors, of
elec tri cal cur rent flow ing thou sands of miles with no loss of power, and of meet ing the
dream of cheap and ef fi cient elec tric ity for ev ery one. Su per con duc tiv ity will likely spawn
whole new in dus tries and ways of gen er at ing, pro cess ing, and mov ing elec tri cal en ergy.
But that potential still lies in the future.

How Was It Dis cov ered?
How Was It Dis cov ered?

Heike Onnes was born in 1853 in Groningen, the Neth er lands, into a wealthy fam ily
that owned a brick mak ing fac tory. As he went through col lege and grad u ate school, he
drew con sid er able at ten tion for his tal ent at solv ing sci en tific prob lems. By the time he was
18, Onnes had be come a firm be liever in the value of phys i cal experimentations and tended
to dis count the o ries that could not be dem on strated by physical experiment.

At the age of 25, Onnes fo cused his uni ver sity re search on the prop er ties of ma te ri als at 
tem per a tures ap proach ing the cold est pos si ble tem per a ture (-456°F or -269°C). The ex is -
tence of that tem per a ture, the tem per a ture at which all heat en ergy is gone and all mo tion
—even in side an atom—ceases, was dis cov ered by Lord Kel vin, and is called 0° Kel vin
(0°K) or ab so lute zero.

Sev eral the o ries ex isted about what hap pened near 0°K. Lord Kel vin be lieved that ab -
so lute zero would stop the mo tion of elec trons. Elec tri cal cur rent would cease and re sis -
tance to that cur rent would be in fi nitely large. Oth ers be lieved the op po site—that re sis tance 
would fall to zero and elec tri cal cur rents would flow forever.

Ev ery one had a the ory. Onnes de cided to find out, to test the the o ries.
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How ever, there was a prob lem. No method ex isted to cool any thing any where near
-269°C. Luck ily, Onnes was the phys ics de part ment chair at the Uni ver sity of Leyden, and
that de part ment came equipped with a well-funded phys ics lab that Onnes could use.

In 1907 Onnes in vented ther mom e ters that could mea sure tem per a tures as ex treme as
ab so lute zero. In 1908 he dis cov ered a way to cool the gas he lium so cold that it turned into a 
liq uid. He was able to con tinue to chill the super-cold liq uid un til, late that year, he chilled
liq uid he lium to 0.9°K—less than one de gree above ab so lute zero! Onnes re al ized that he
could use this liq uid he lium to chill other ma te ri als to near 0°K to mea sure their electrical
resistance.

By 1911 Onnes had de vel oped can is ters ca pa ble of hold ing and stor ing his super-cold
liq uid he lium and had set up a small pro duc tion line. He be gan his elec tri cal stud ies by chill -
ing first plat i num and then gold to near ab so lute zero. How ever, the elec tri cal cur rents he
mea sured were er ratic, his results inconclusive.

Onnes de cided to switch to liq uid mer cury. He filled a U-shaped tube with mer cury
and at tached wires to each end of the U. The wires were at tached to a me ter to mea sure elec -
tri cal re sis tance. He used liq uid he lium at 0.9°K to cool the mercury.

As the tem per a ture dipped be low 40°K (-229°C) elec tri cal re sis tance be gan to drop. It
dropped steadily as the tem per a ture dipped be low 20°K. And then, at 4.19°K re sis tance
abruptly dis ap peared. It fell to zero.

Onnes re peated the ex per i ment many times over the next few months and al ways got
the same re sult. Be low 4.19°K, there was no re sis tance to the flow of elec tric ity. An elec tric
cur rent would flow un im peded for ever! He called it su per con duc tiv ity.

Onnes had dis cov ered su per con duc tiv ity, but he could not the o ret i cally ex plain it. He
only sus pected that it had some thing to do with the (then) re cently dis cov ered Quan tum
The ory. It was not un til 1951 that John Bardeen de vel oped a math e mat i cal the ory to ex plain 
superconductivity.

A search be gan to find ways to cre ate su per con duc tiv ity at higher (more prac ti cally
reached) tem per a tures. The cur rent re cord (us ing—un for tu nately—toxic ce ramic com -
pounds made with mer cury and cop per) is 138°K (-131°C). Once a way is found to cre ate
su per con duc tiv ity at warmer tem per a tures, the value of Onnes’s discovery will be
unlimited.

Fun Facts: AT CERN, the Eu ro pean high-en ergy phys ics re search lab,
sci en tists used a one-time jolt of elec tric ity to start an elec tri cal cur rent
flow ing through a su per con duc tor cir cuit. That elec tri cal cur rent
ran—with no ad di tional volt age in put—for five years with no loss of
power. In com mon house wires, an elec tri cal cur rent would stop within a
few mil li sec onds once the volt age is re moved be cause of the re sis tance
of elec tri cal wires.
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Atomic Bond ing
Atomic Bond ing
ATOMIC BONDING

Year of Dis cov ery: 1913

What Is It? The first work ing the ory of how elec trons gain, lose, and hold en -
ergy and how they or bit the nu cleus of an atom.

Who Dis cov ered It? Niels Bohr

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Ma rie Cu rie opened the cen tury by prov ing that there was a sub atomic world. Ein stein, 
Dirac, Heisenberg, Born, Rutherford, and oth ers pro vided the new the o ret i cal de scrip tions
of this sub atomic world. But prov ing what lurked within an atom’s shell, and what gov -
erned its be hav ior, lin gered as the great phys ics chal lenges of the early twentieth century.

It was Niels Bohr who dis cov ered the first con crete model of the elec trons sur round ing 
an atom’s nu cleus—their place ment, mo tion, ra di a tion pat terns, and en ergy trans fers.
Bohr’s the ory solved a num ber of in con sis ten cies and flaws that had ex isted in pre vi ous at -
tempts to guess at the struc ture and ac tiv ity of elec trons. He com bined di rect ex per i ment
with ad vanced the ory to cre ate an un der stand ing of elec trons. It was an es sen tial step in
science’s march into the nuclear age.

How Was It Dis cov ered?
How Was It Dis cov ered?

Niels Bohr was only 26 in 1912—very young to step into the mid dle of a heated phys -
ics con tro versy. But that spring, as a new phys ics pro fes sor at the Uni ver sity of Co pen ha -
gen, Bohr re al ized atomic the ory no lon ger matched the grow ing body of ex per i men tal
atomic data. One of Bohr’s ex per i ments showed that clas si cal the o ries pre dicted that an or -
bit ing elec tron would con tin u ously lose en ergy and slowly spi ral into the nu cleus. The atom 
would col lapse and im plode. But that didn’t hap pen. At oms were amaz ingly sta ble. Some -
thing was wrong with the existing theories—and Bohr said so.

There was no way to ac tu ally see an atom, no way to peer in side and di rectly ob serve
what was go ing on. Sci en tists had to grope in the dark for their the o ries, sift ing through in -
di rect clues for shreds of in sight into the bi zarre work ings of atoms.

Atomic ex per i ment ers were build ing moun tains of data. They re corded the par ti cles
cre ated from atomic col li sions. They mea sured the an gles at which these new par ti cles
raced away from the col li sion site. They mea sured elec tri cal en ergy lev els. But few of these
data fit with atomic theories.
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As Bohr be gan to or ga nize his teach ing in 1913, he read about two new ex per i men tal
stud ies. First, Enrico Fermi found that at oms al ways emit ted en ergy in the same few
amounts (or bursts) of en ergy. He called these bursts dis crete quanta (quan ti ties) of energy.

Sec ond, chem ists had stud ied the amount of en ergy that each el e ment’s at oms ra di -
ated. They found that if they passed this ra di a tion through a prism, the ra di a tion was not
con tin u ous over the whole fre quency spec trum, but came in sharp spikes at cer tain dis crete
fre quen cies. Dif fer ent el e ments showed dif fer ent char ac ter is tic pat terns in these en ergy
spikes. Nei ther study fit with existing theories.

Bohr stud ied and com pared these dif fer ent, and ap par ently un re lated, bits of data,
know ing that the new data had to re late some how—since they dealt with char ac ter is tics and
emis sions from the same source: atoms.

Bohr sifted and resifted the data and the the o ries over an eight-month pe riod, search ing 
for a way to make the ex per i men tal data fit with some atomic the ory. By late that year he
had dis cov ered a rev o lu tion ary idea: Elec trons must not be as free to roam as pre vi ously
thought.

He the o rized that the elec trons cir cling an atom’s nu cleus could only ex ist in cer tain,
dis crete, fixed or bits. In or der to jump to a closer or bit, an elec tron would have to give off a
fixed amount of en ergy (the ob served spikes and quanta of ra di ated en ergy). If an elec tron
were to jump into a higher or bit, it would have to ab sorb a fixed quanta of en ergy. Elec trons
could n’t go wher ever they wanted or carry any amount of en ergy. Elec trons must be in one
or an other of these few spe cific or bits. Elec trons must gain and lose energy in specific
quanta.

Bohr’s atomic model was a rev o lu tion ary idea and a com plete de par ture from pre vi ous 
ideas. How ever, it fit well with ex per i men tal ob ser va tions and ex plained all of the in con sis -
ten cies of pre vi ous the o ries. This model also ex plained how and why chem i cal el e ments
bonded with each other as they did.

Bohr’s dis cov ery re ceived in stant ac claim and ac cep tance. For 50 years it served as the 
ac cepted model of an atom and of the mo tion of elec trons within the atom.

Fun Facts: Niels Bohr worked at the se cret Los Alamos lab o ra tory in
New Mex ico, on the Manhattan Pro ject (the code name for the ef fort to
de velop atomic bombs for the United States dur ing World War II).
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Iso topes
Iso topes
ISOTOPES

Year of Dis cov ery: 1913

What Is It? Iso topes are dif fer ent forms of the same chem i cal el e ment that
have iden ti cal phys i cal and chem i cal prop er ties but dif fer ent atomic
weights.

Who Dis cov ered It? Fred er ick Soddy

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Iso topes of an el e ment are slightly dif fer ent forms of that el e ment. Iso topes have the
same chem i cal, phys i cal, and elec tri cal prop er ties as the orig i nal el e ment, but have a dif fer -
ent num ber of neu trons in their nu cleus. The dis cov ery of iso topes cre ated a new di men sion
and con cept for physics and chemistry.

This dis cov ery an swered baf fling prob lems that had sty mied phys ics re search ers
study ing ra dio ac tive el e ments. The study of iso topes be came a key foun da tion for the de -
vel op ment of atomic power and weap ons. Iso topes are also crit i cal to ge ol ogy since car bon
dat ing and other rock-dat ing tech niques all de pend on the ratios of specific isotopes.

This one dis cov ery re moved road blocks to sci en tific prog ress, opened new fields of
phys ics and chem is try re search, and pro vided es sen tial re search tools to earth sci ence re -
search.

How Was It Dis cov ered?
How Was It Dis cov ered?

Fred er ick Soddy was born in 1877 in Sus sex, Eng land. In 1910 Soddy ac cepted a po si -
tion at the Uni ver sity of Glas gow as a lec turer in ra dio ac tiv ity and chemistry.

The study of ra dio ac tive el e ments was still ex cit ing and new. Ra dio ac tive el e ments
were iden ti fied by dif fer ences in their mass, atomic charge, and ra dio ac tive prop er ties, in -
clud ing the kinds and en er gies of dif fer ent particles they emitted.

How ever, us ing this sys tem, sci en tists had al ready iden ti fied 40 to 50 ra dio ac tive el e -
ments. But there ex isted only 10 to 12 places for all of these ra dio ac tive el e ments on the pe ri -
odic chart of el e ments. Ei ther Mendeleyev’s pe ri odic chart was wrong or—for some
un known rea son—ra dio ac tive el e ments fell out side the logic and or der of the pe ri odic chart.

Nei ther an swer made any sense, and ra dio ac tive re search ground to a halt.
Soddy de cided to study the three known sub atomic par ti cles emit ted by the var i ous ra -

dio ac tive el e ments (al pha, beta, and gamma par ti cles). Soddy found that al pha par ti cle held
a pos i tive charge of two (as would two pro tons) and a mass equal to four pro tons. Gamma
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rays had nei ther charge nor mass, only en ergy, so they didn’t af fect the na ture of the atom at
all.

Beta par ti cles had no mea sur able mass but held a neg a tive charge of one. They were
ap par ently just elec trons.

When an atom emit ted a beta par ti cle, it lost a neg a tive charge. Soddy re al ized that was 
the same as gain ing a pos i tive charge. Emit an al pha par ti cle and lose two pos i tive charges
from the nu cleus. Emit a beta par ti cle and gain one.

Be cause the pe ri odic ta ble was or ga nized by the num ber of pro tons in the nu cleus of an 
atom—from the light est el e ment (hy dro gen) up to the heavi est known el e ment (ura nium),
Soddy re al ized that the emis sion of an al pha par ti cle would, in ef fect, shift the atom two
spaces to the left on the pe ri odic chart and the emis sion of a beta par ti cle shifted it one place
to the right.

It must be, he con cluded, that at oms of many el e ments could ex ist in sev eral dif fer ent
spaces on the pe ri odic chart. Soddy used new spec tro graphic re search tech niques (dis cov -
ered by Gustav Kirchhoff and Rob ert Bun sen in 1859) to show that—even though they had
a dif fer ent atomic mass and so oc cu pied dif fer ent spaces on the pe ri odic chart—at oms of
ura nium and tho rium were still the same, original element.

This meant that more than one el e ment could oc cupy the same spot on the pe ri odic
chart and that at oms of one el e ment could oc cupy more than one spot and still be the same,
orig i nal el e ment. Soddy named the ver sions of an el e ment that oc cu pied spots on the pe ri -
odic chart—other than that el e ment’s “nor mal” spot—iso topes, from the Greek words
meaning “same place.”

Later that same year (1913), Amer i can chem ist The o dore Rich ards mea sured the
atomic weights of lead iso topes re sult ing from the ra dio ac tive de cay of ura nium and of tho -
rium and proved Soddy’s the ory to be true.

How ever, Soddy’s ex pla na tion of his dis cov ery was not com pletely ac cu rate.
Chadwick’s dis cov ery of the neu tron (in 1932) was needed to cor rect Soddy’s er rors and to
com plete the un der stand ing of Soddy’s con cept of isotopes.

Soddy had tried to ex plain his iso topes us ing only pro tons and elec trons. Chadwick
dis cov ered that as many neu trally charged neu trons ex isted in the nu cleus as did pos i tively
charged pro tons. Gain ing or los ing neu trons didn’t change the elec tric charge of or the
prop er ties of the el e ment (since el e ments were de fined by the num ber of pro tons in the nu -
cleus). It did, how ever, change the atomic mass of the atom and so cre ated an isotope of that
element.

Soddy dis cov ered the con cept of iso topes. But an un der stand ing of neu trons was
needed in or der to fully un der stand them.

Fun Facts: Iso topes are more im por tant than most peo ple think. Ev ery
an cient rock, fos sil, hu man re main, or plant ever dated was dated us ing
iso topes of var i ous el e ments. Nat u ral ra dio ac tiv ity is cre ated by iso topes. 
The atomic bomb uses an iso tope of ura nium.
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Earth’s Core and Man tle
EARTH’S CORE AND MANTLE
EARTH’S CORE AND MANTLE

Year of Dis cov ery: 1914

What Is It? The earth is made up of lay ers, each of a dif fer ent den sity, tem per -
a ture, and com po si tion.

Who Dis cov ered It? Beno Gutenberg

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

It is im pos si ble to see, to ven ture, or even to send probes more than a few miles un der
the sur face of Earth. Al most all of the 4,000+ miles from the sur face to the cen ter is un -
reach able to hu mans. Yet sci en tists could not be gin to un der stand our planet and its for ma -
tion with out hav ing an ac cu rate knowl edge of that interior.

Beno Gutenberg pro vided the first rea son able ac count ing of Earth’s in te rior. His dis -
cov ery proved that Earth was n’t a solid ho mo ge neous planet, but was di vided into lay ers.
Gutenberg was the first to cor rectly es ti mate the tem per a ture and phys i cal prop er ties of
Earth’s core. His dis cov er ies have been so im por tant that he is of ten con sid ered the father of 
geophysics.

How Was It Dis cov ered?
How Was It Dis cov ered?

Born in 1889 in Darmstadt, Ger many, Beno Gutenberg loved sci ence as a boy and al -
ways knew he’d be a me te o rol o gist. As he be gan his sec ond year of uni ver sity me te o ro log i -
cal study in 1907, he saw a no tice an nounc ing the for ma tion of a de part ment of the new
sci ence of geo phys ics (Earth phys ics) at the University of Göttingen.

The idea of a whole new sci ence fas ci nated Gutenberg. He trans ferred to Göttingen
and, while hold ing onto a ma jor in me te o rol ogy, stud ied un der Emil Wiechert, a pi o neer in
the emerg ing sci ence of seis mol ogy—the study of seis mic waves caused by earth quakes
and earth tremors.

By the time of his grad u a tion in 1913, Gutenberg had shifted from me te o rol ogy (study
of the at mo sphere) to geo phys ics (study of Earth’s in te rior). It was a case of be ing in the
right place at the right time. Gutenberg had ac cess to all of Wiechert’s data and stud ies, the
most ex ten sive and com pre hen sive col lec tion of seis mic data in the world. Wiechert had fo -
cused on col lect ing the data. Gutenberg fo cused on study ing the patterns of those data.

Gutenberg found that, typ i cally, seis mic waves did not reach all parts of the earth’s
sur face, even when the tremor was strong enough to have been de tected ev ery where. There
al ways ex isted a shadow zone more or less straight across the globe from an event where no
seis mic waves were ever de tect able.
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He also no ticed that seis mic waves seemed to travel at dif fer ent speeds on dif fer ent tra -
jec to ries through the earth. This all made Gutenberg sus pect that the in te rior of the earth
was not a solid, ho mo ge neous mass. It must have sev eral sep a rate lay ers or regions.

Gutenberg set tled on the im age of the earth as an egg. The sur face of the earth was thin
and brit tle like an egg shell. He re al ized that there must be a core to Earth (like an egg yoke)
that was more dense than the sur round ing man tle (the egg white).

If this im age held true, seis mic waves ap proach ing the core would change speeds and
be dif fracted (bent) be cause of the den sity dif fer ence be tween lay ers. One of the kinds of
seis mic waves that Gutenberg stud ied was trans verse waves. These waves would not en ter
the core at all. Know ing that trans verse waves dis si pate quickly in the liq uid ocean,
Gutenberg sur mised that Earth’s core also had to be liquid.

Gutenberg had enough data from the re corded dif frac tions of enough seis mic waves to
cal cu late how big the core had to be and what its den sity had to be in or der to cre ate the dif -
frac tion pat terns seis mol o gists re corded. The core of the earth, he said, had a ra dius of 2,100 
miles.

Based on these cal cu la tions, on chem i cal ex per i ments he ran in early 1914, and on the
mea sured chem i cal com po si tion of me te or ites, Gutenberg es ti mated that the core was a liq -
uid mix ture of nickel and iron, while the man tel was made up of rock material.

Gutenberg’s model was quickly ac cepted and was not im proved upon un til 1938. In
that year, Inge Lehman com pleted a de tailed study of “P” waves (an other kind of seis mic
wave) with vastly im proved equip ment from that used in 1914. Her re search showed that
Earth’s core was di vided into a solid in ner core and a sur round ing liq uid outer core. She also 
broke the man tle into an in ner and an outer man tle. This dis cov ery com pleted our ba sic im -
age of Earth’s interior.

Fun Facts: The crust of the earth is solid. So is the in ner core. But in be -
tween, the outer core and man tle (90 per cent of the mass of the earth) are
liq uid to mol ten semi-solid. We do not live on a par tic u larly solid planet.
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Con ti nen tal Drift
CONTINENTAL DRIFT
CONTINENTAL DRIFT

Year of Dis cov ery: 1915

What Is It? Earth’s con ti nents drift and move over time.

Who Dis cov ered It? Al fred Wegener

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Be fore Wegener’s dis cov ery, sci en tists thought that the earth was a static body—never 
chang ing, now as it al ways has been. Al fred Wegener’s dis cov ery that Earth’s con ti nents
drift across the face of the planet led to mod ern tec tonic plate the o ries and to a true un der -
stand ing of how Earth’s crust, man tel, and core move, flow, and in ter act. It cre ated the first
sense of Earth’s dynamic history.

Wegener’s dis cov ery solved nag ging mys ter ies in a dozen fields of study—and stirred
up new ques tions still be ing de bated to day. This dis cov ery stands as a cor ner stone of our
mod ern un der stand ing of earth sciences.

How Was It Dis cov ered?
How Was It Dis cov ered?

Al bert Wegener was born in 1880 in Berlin. Al ways rest less and more of a doer than a
thinker, he switched his col lege ma jor from as tron omy to me te o rol ogy be cause “as tron omy
of fered no op por tu nity for phys i cal ac tiv ity.” Upon grad u a tion, Wegener signed on for me -
te o ro log i cal ex pe di tions to Ice land and Greenland in 1906 and 1908.

While on tour in 1910, Wegener no ticed the re mark able fit of the coast lines of South
Amer ica and Af rica. He was not the first sci en tist to no tice this fit, but one of the first to
think that it was im por tant.

In 1911, new ocean maps showed the At lan tic Ocean con ti nen tal shelves. (Con ti nen tal 
shelves are shal low, un der wa ter shelves ex tend ing out from con ti nents.) Wegener no ticed
an even better fit be tween the con ti nen tal shelves of South Amer ica and Af rica. They “fit
like pieces of a jigsaw puzzle.”

Wegener knew that this per fect fit could n’t be just a co in ci dence and sus pected that
those two con ti nents were once con nected—even though they were now sep a rated by sev -
eral thou sand miles of ocean. This was a rad i cal no tion since all sci en tists as sumed that the
con ti nents never moved from their fixed positions on Earth.

In that same year, Wegener read stud ies that noted the same fos sil finds in South
Amer ica and in cor re spond ing parts of coastal Af rica. Many sci en tists pro posed that there
once ex isted a land bridge be tween the two so that plant and an i mal spe cies could in ter mix.
This bridge, they as sumed, long ago sank to the bot tom of the sea.
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Wegener be lieved a land bridge was im pos si ble. It would have left tell tale signs on the
ocean floor and would cre ate grav i ta tional anom a lies that did not ex ist. In 1912, he de cided
to build a body of ev i dence from a va ri ety of fields to prove that the con ti nents had once
been joined.

He used the ex ten sive field work of Eduard Suess to pro vide most of his geo log i cal
data. Suess dis cov ered that, in place af ter place, rocks on coasts that faced each other across
the oceans of ten matched exactly.

Wegener poured through the find ings of hun dreds of geo logic sur veys to show that the
rock for ma tions, mix of rock kinds, and rock strat i fi ca tion on the two con ti nents (South
Amer ica and Af rica) matched up and down the coast line. He found for ma tions known as
pipes (as so ci ated with di a monds) on both sides of the south At lan tic, ex actly opposite each
other.

He also col lected re cords of past and pres ent plant com mu ni ties on both sides of the
At lan tic and mapped them to show how they matched up and down the coast.

The only ex pla na tion Wegener could of fer for these sim i lar i ties was that South Amer -
ica and Af rica used to be joined as a sin gle con ti nent and one or both had since drifted off.
He ex tended his the ory to cover all con ti nents (e.g., North Amer ica used to be joined with
Eu rope) and ar rived at the con clu sion that, at one time, all of Earth’s land masses had been
joined in a sin gle mas sive con ti nent that he named Pangaea (Greek for “all Earth”)

Wegener pub lished his dis cov er ies and his the ory in 1915. Sci en tists around the world
were both skep ti cal of his con clu sions and im pressed by the amount of, and va ri ety of, data
he pre sented. Wegener had dis cov ered con ti nen tal drift, but stum bled when he could n’t say
how the con ti nents drifted (what force drove them through the denser oce anic floor). Forty
years later, Harvey Hess dis cov ered sea floor spread ing and filled this hole in Wegener’s
theory.

Fun Facts: The Hi ma la yas, the world’s high est moun tain sys tem, are the re -
sult of the on go ing col li sion of two huge tec tonic plates (the Eur asia plate
and the In dian sub con ti nent), which be gan about 40 mil lion years ago.

More to Ex plore
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Black Holes
BLACK HOLES
BLACK HOLES

Year of Dis cov ery: 1916

What Is It? A col lapsed star that is so dense, and whose grav i ta tional pull is so
great, that not even light can es cape it. Such stars would look like black
holes in a black uni verse.

Who Dis cov ered It? Karl Schwarzschild

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Many con sider black holes to be the ul ti mate won der of the uni verse, the strang est of
all stel lar ob jects. Black holes might be the birth place of new uni verses, even new di men -
sions. Black holes might mark the be gin ning and end of time. Some con sider them to be
pos si ble time travel ma chines as well as a way to travel faster than the speed of light. Many
be lieve that black holes could be the ul ti mate fu ture en ergy source, pro vid ing power sta -
tions throughout the galaxy.

Cer tainly, black holes were first a the o ret i cal, and then a prac ti cal, great mys tery of as -
tron omy in the twen ti eth cen tury. Their dis cov ery led sci ence a gi ant step closer to un der -
stand ing the uni verse around us and pro vided a solid con fir ma tion of Ein stein’s theory of
relativity.

How Was It Dis cov ered?
How Was It Dis cov ered?

A black hole is not re ally a hole at all. It is a col lapsed star that crushed in on it self. As
the star con denses, its grav ity in creases. If the col lapsed star’s grav ity be comes so strong
that not even light (par ti cles trav el ing at light speed) can es cape the grav i ta tional pull, then
it will ap pear like a black hole (in the pitch black back ground of space).

Two men get the credit for the dis cov ery of these bi zarre and un see able phe nom ena. The
first was Ger man as tron o mer won der-boy, Karl Schwarzschild. As a child, Schwarzschild
was fas ci nated by ce les tial me chan ics (the mo tion of the stars), and he pub lished his first two
pa pers on the the ory of how dou ble stars move when he was only 16 (in 1889). In 1900,
Schwarzschild pre sented a lec ture to the Ger man as tro nom i cal so ci ety in which he the o rized
that space did not act like a reg u lar three-di men sional box. It warped in strange ways, pulled
and pushed by grav ity. Schwarzschild called it “the cur va ture of space.”

Five years later, Ein stein pub lished his en ergy equa tion and his the ory of rel a tiv ity,
which also talked of the cur va ture of space. In 1916, while serv ing in the Ger man army on
the Rus sian front dur ing World War I, Schwarzschild was the first to solve Ein stein’s equa -
tions for gen eral rel a tiv ity. He found that, as a star col lapsed into a sin gle point of un imag in -
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ably dense mat ter, its grav i ta tional pull would in crease so that a par ti cle would have to be
trav el ing faster and faster to es cape from that grav ity (called the es cape ve loc ity).
Schwarzschild’s cal cu la tions showed that as a mas sive star col lapsed to a sin gle point of in -
fi nitely dense mat ter, its es cape ve loc ity would ex ceed the speed of light. Noth ing would es -
cape such a col lapsed star. It would be as if the star disappeared and no longer existed in our
universe.

With these cal cu la tions, Schwarzschild had dis cov ered the con cept of a black hole.
The terms we now use to de scribe a black hole (event ho ri zon, es cape ve loc ity, etc) were all
cre ated by Schwarzschild in 1916. Schwarzschild math e mat i cally “dis cov ered” black
holes, but he didn’t be lieve they phys i cally ex isted. He thought it was only a math e mat i cal
exercise.

Fifty years later, as tron o mers be gan to se ri ously search for Schwarzschild’s in vis i ble
col lapsed stars. As tron o mers re al ized that, since a black hole could n’t ac tu ally be seen, the
only way to de tect one was to track un ex plained mo tion of the stars that they could see and
show that that mo tion was the re sult of the grav i ta tional pull of a nearby, un see able black
hole. (As tron o mer John Wheeler coined the name “black hole” in 1970.)

In 1971, cal cu la tions by Wheeler’s team con firmed that the X-ray bi nary star, Cygnus
X-1, was a star cir cling a black hole. That was the first time a black hole had ever been phys -
i cally de tected.

It was n’t un til 2004 that a black hole was iden ti fied in the Milky Way gal axy, by Pro -
fes sor Phil Charles of the Uni ver sity of Southampton and Mark Wag ner of the Uni ver sity of 
Ar i zona, this one lo cated 6,000 light years away from Earth in our gal axy’s halo. But it was
Karl Schwarzschild in 1916 who dis cov ered what black holes “looked like” and how to
locate one.

Fun Facts: Dis cov ered in Jan u ary 2000, the clos est black hole is only
1,600 light years from Earth and is known as V4641 Sgr. Such nor mal
black holes are sev eral times the mass of the sun. But supermassive black
holes re side in the hearts of gal ax ies and can be as mas sive as sev eral
hun dred mil lion times the mass of the sun.

More to Ex plore
More to Ex plore

Asimov, Isaac. Black Holes, Pul sars, and Qua sars. New York: Gareth Stevens, 2003.

Da vis, Amanda. Black Holes. Min ne ap o lis, MN: Powerkids Press, 2003.

Jefferies, Daivd. Black Holes. New York: Crab tree Pub lish ing, 2006.

Nardo, Don. Black Holes. New York: Thomson Gale, 2003.

Rau, Dana. Black Holes. Mankato, MN: Cap stone Press, 2005.

Sipiera, Paul. Black Holes. New York: Scho las tic Li brary, 1997.

More to Ex plore   141



In su lin
INSULIN
INSULIN

Year of Dis cov ery: 1921

What Is It? In su lin is a hor mone pro duced by the pan creas that al lows the
body to pull sugar from blood and burn it to pro duce en ergy.

Who Dis cov ered It? Fred er ick Banting

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Fred er ick Banting dis cov ered a way to re move and use the pan cre atic “juice” of an i -
mals to save the lives of di a betic hu mans. This hor mone is called in su lin. Its dis cov ery has
saved mil lions of hu man lives. Di a be tes used to be a death sen tence. There was no known
way to re place the func tion of a pan creas that had stopped pro duc ing in su lin. Banting’s
discovery changed all that.

Al though in su lin is not a cure for di a be tes, this dis cov ery turned the death sen tence of
di a be tes into a man age able mal ady with which mil lions of peo ple live healthy and normal
lives.

How Was It Dis cov ered?
How Was It Dis cov ered?

In early 1921, 28-year-old Ca na dian or tho pe dic sur geon Fred er ick Banting de vel oped
a the ory—ac tu ally, it was more of a vague idea—for a way to help peo ple suf fer ing from
diabetes.

The outer cells of the pan creas pro duced strong di ges tive juices. But the in ner cells
pro duced a del i cate hor mone that flowed straight into the blood. Mus cles got their en ergy
from sug ars in the blood stream, which came from food. But the body could n’t pull sugar out 
of the blood stream with out that hor mone from the in ner cells of the pancreas.

When the in ner cells of a per son’s pan creas stopped mak ing that hor mone, their mus -
cles could n’t draw sugar from the blood stream, and the blood stream be came over loaded
with sugar and strug gled to get rid of it through ex cess uri na tion. The body de hy drated; and
the pa tient be came deathly ill. This con di tion was called diabetes.

In 1920 there was no cure for di a be tes. It was al ways fa tal.
Re search ers had tried ob tain ing the pan cre atic hor mone (which they re ferred to as

“juice”) from an i mals. But when a pan creas was ground up, the di ges tive juices from the
outer cells were so strong that they de stroyed the del i cate juice from the in ner cells be fore it
could be used.

Banting read an ar ti cle by Dr. Mo ses Barron that de scribed the fate of sev eral pa tients
in whom a block age had de vel oped in the ducts car ry ing pan cre atic outer cell di ges tive
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juices to the stom ach. These strong ac ids had been trapped in the outer cells of the pan creas
and had de stroyed those cells. The cells lit er ally shut down and dried up.

Banting won dered if he could in ten tion ally kill the outer pan cre atic cells of an an i mal
and then har vest its in ner cell juice for use by di a betic humans.

His plan was sim ple enough. Op er ate to tie off the ducts from a dog’s pan cre atic outer
cells to the stom ach, wait the eight weeks Dr. Barron had men tioned in his ar ti cle, and hope
that the outer cells had dried up and died. Fi nally, in a sec ond op er a tion, he would har vest
the dog’s pan creas and see if it still con tained life-giv ing in ner cells and their pre cious juice. 
He would ar ti fi cially cre ate di a be tes in an other dog s and see if the pan cre atic fluid from the
first dog could keep it alive.

With no fund ing, Banting talked his way into the use of a lab and six test dogs. The sur -
gery was sim ple enough. Now he had to wait eight weeks for the outer cells to die.

How ever, early in week six the di a betic dog slid into a coma. This was the last stage
be fore death. Banting could n’t wait any lon ger. He op er ated on one of the other dogs, suc -
cess fully re mov ing its pan creas. He ground up this tis sue and ex tracted the juice by dis solv -
ing it in a chlo ride solution.

He in jected a small amount of this juice into the di a betic dog. Within 30 min utes the
dog awak ened from its coma. Within two hours it was back on its feet. In five hours it be gan
to slide back down hill. With an other in jec tion it perked up, with enough en ergy to bark and
wag its tail.

Banting was ec static. His hunch had been right!
Dr. John Marcum named the juice, “in su lin” dur ing the two years that he and Dr.

Banting searched for a way to cre ate this pre cious juice with out harm ing lab dogs—a feat
they even tu ally ac com plished.

Fun Facts: In 1922 a 14-year-old boy suf fer ing from type I di a be tes was
the first per son to be treated with in su lin. He showed rapid im prove ment.
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Neurotransmitters
NEUROTRANSMITTERS
NEUROTRANSMITTERS

Year of Dis cov ery: 1921

What Is It? Chem i cal sub stances that trans mit nerve im pulses be tween 
in di vid ual neu ron fi bers.

Who Dis cov ered It? Otto Loewi

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Like crack ing the ge netic code, like the cre ation of the atomic bomb, the dis cov ery of
how the brain’s sys tem of neu rons com mu ni cates is one of the fun da men tal sci ence de vel -
op ments of the twen ti eth century.

Nerves sig nal sen sa tions to the brain; the brain flashes back com mands to mus cles and
or gans through nerves. But how? Otto Loewi’s dis cov ery of neurotransmitters (the chem i -
cals that make this com mu ni ca tion pos si ble) rev o lu tion ized the way sci en tists think about
the brain and even what it means to be hu man. Neurotransmitters con trol mem ory, learn ing, 
think ing, be hav ior, sleep, move ment, and all sen sory func tions. This dis cov ery was one of
the keys to un der stand ing brain function and brain organization.

How Was It Dis cov ered?
How Was It Dis cov ered?

In 1888 Ger man anat o mist Hein rich Walder-Hartz was the first to pro pose that the ner -
vous sys tem was a sep a rate net work of cells. He named these nerve fi bers neu rons. He con -
cluded that the ends of in di vid ual nerve cells ap proached each other closely, but didn’t
ac tu ally touch. In 1893 Ital ian sci en tist Camillo Colgi used a new method for stain ing cells
that brought out ex cep tion ally fine de tail un der a mi cro scope and proved that Walder-Hartz
was correct.

Walder-Hartz’s dis cov ery, how ever, cre ated a sci en tific con tro versy. If neu rons didn’t 
ac tu ally touch, how did they com mu ni cate? Some sci en tists ar gued that sig nals had to be
sent elec tri cally, since elec tri cal cur rents ex isted in the brain. Some ar gued that nerve sig -
nals had to be sent chem i cally since there were no solid elec tri cal con nec tions be tween in di -
vid ual neu rons. Nei ther side could prove its position.

Otto Loewi was born in Frank furt, Ger many, in 1873. He wanted to be come an art his -
to rian but buck led un der fam ily pres sure and agreed to at tend med i cal school. Af ter barely
pass ing his med i cal ex am i na tion, Loewi worked in the City Hos pi tal in Frank furt. How -
ever, he be came de pressed by the count less deaths and great suf fer ing of tu ber cu lo sis and
pneu mo nia pa tients left to die in crowded hos pi tal wards be cause there was no therapy for
them.
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Loewi quit med i cal prac tice and turned to phar ma co log i cal re search (the study of
drugs and their ef fects on hu man or gans). Over the next 25 years (1895 to 1920) he stud ied
how dif fer ent hu man or gans re sponded to elec tri cal and chem i cal stim uli. His pa pers re -
ported on many hu man or gans in clud ing the kid ney, pancreas, liver, and brain.

By 1920 Loewi was fo cus ing much of his at ten tion on nerves. He was con vinced that
chem i cals car ried sig nals from one nerve fi ber to the next. But, like other re search ers, he
could n’t prove it.

Loewi later said that the an swer came to him in a dream. It was the night be fore Easter
Sunday, 1921. Loewi woke up with a start around mid night and scrib bled notes about the
dream’s idea. The next morn ing he was un able to read his scrawled notes. Nor could he re -
mem ber what the dream had been about. All he could re mem ber was that the notes and the
dream were crit i cal.

The next night he awoke at 3:00 A.M. from the same dream, re mem ber ing it clearly. He
didn’t dare go back to sleep. He rose and drove to his lab, where he per formed the sim ple ex -
per i ment from his dream—an ex per i ment that has be come famous.

Loewi sur gi cally re moved the still-beat ing hearts from two frogs and placed each in its
own con tainer of sa line (salt) so lu tion. He left the au to nomic nerve (the Vagus nerve) at -
tached to heart num ber one, but not to the sec ond heart. When he ap plied a tiny elec tri cal
cur rent to heart num ber 1’s Vagus nerve, the heart slowed down. When he then al lowed
some sa line so lu tion from con tainer 1 to flow into con tainer 2, the sec ond heart slowed
down to match the slower rate of the first heart.

Elec tric ity could not have af fected the sec ond heart. It had to be some chem i cal re -
leased into the sa line so lu tion by heart 1’s Vagus nerve that then com mu ni cated with and
con trolled heart 2. Loewi had proved that nerve cells com mu ni cate with chem i cals. Loewi
called this chem i cal vagusstoff.

A friend of Loewi’s, Eng lish man Henry Dale, was the first to iso late and de code this
chem i cal’s struc ture, which we now call ace tyl cho line. Dale coined the name
neurotransmitters for this group of chem i cals that nerves use for com mu ni ca tion.

Fun Facts: The lon gest nerve cell in your body, the sci atic nerve, runs
from your lower spine to your foot, roughly two to three feet in length!
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Hu man Evo lu tion
HUMAN EVOLUTION
HUMAN EVOLUTION

Year of Dis cov ery: 1924

What Is It? Hu man oids evolved first in Af rica and, as Dar win had pos tu lated,
de vel oped from the fam ily of apes.

Who Dis cov ered It? Ray mond Dart

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Hu mans have al ways won dered how we came to be on this planet. Vir tu ally ev ery cul -
ture and re li gion has cre ated myths to ex plain the cre ation of hu mans. In the early twen ti eth
cen tury, most sci en tists be lieved that the first hu mans ap peared in Asia or East ern Eu rope.
Then Dart dis cov ered the Taung skull and pro vided the first solid ev i dence both of an Af ri -
can evo lu tion of the first hu man oids and a fos sil link be tween hu mans and apes, sub stan ti at -
ing one part of Dar win’s the o ries. This dis cov ery re di rected all of hu man evo lu tion ary
re search and the ory and has served as a cor ner stone of sci ence’s mod ern beliefs about the
history and origin of our species.

How Was It Dis cov ered?
How Was It Dis cov ered?

Ray mond Dart was born in Queensland, Aus tra lia, in 1893 on a bush farm where his
fam ily was strug gling to raise cat tle. He ex celled in school and re ceived schol ar ships to study
med i cine, spe cial iz ing in neu ral anat omy (the anat omy of skull and brain). In 1920 he gained
a pres ti gious po si tion as as sis tant to Grafton Elliot Smith at the Uni ver sity of Man ches ter,
Eng land. But their re la tion ship soured and, in 1922, shortly af ter his thir ti eth birth day, Dart
was sent off to be a pro fes sor of anat omy at the newly formed Uni ver sity of Witwatersrand in
Jo han nes burg, South Af rica. Dart ar rived feel ing bit terly be trayed and out cast.

In 1924 Dart learned of sev eral fos sil ba boon skulls that had been found at a nearby
lime stone quarry at Taung. Dart asked that they be sent to him along with any other fos sils
found at the site. He did not an tic i pate find ing any thing par tic u larly in ter est ing in these fos -
sils, but the new uni ver sity’s an a tom i cal mu seum des per ately needed anything it could get.

The first two boxes of fos sil bones were de liv ered to Dart’s house one Sat ur day af ter -
noon in early Sep tem ber 1924, just as he was dress ing for a wed ding re cep tion to be held at
his house later that af ter noon. He al most set the boxes aside. But cu ri os ity made him open
them there in his drive way. The first box con tained noth ing of particular interest.

How ever, on top of the heap of rock in side the sec ond box lay what he in stantly rec og -
nized as un doubt edly a cast or mold of the in te rior of a skull—a fos sil ized brain (rare
enough in and of it self). Dart knew at first glance that this was no or di nary an thro poid (ape)
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brain. It was three times the size of a ba boon’s brain and con sid er ably larger than even an
adult chimpanzee’s.

The brain’s shape was also dif fer ent from that of any ape Dart had stud ied. The
forebrain had grown large and bulg ing, com pletely cov er ing the hindbrain. It was closer to a 
hu man brain and yet, cer tainly, not fully hu man. It had to be a link be tween ape and human.

Dart fe ver ishly searched through the box for a skull to match this brain so that he could
put a face on this crea ture. Luck ily he found a large stone with a de pres sion into which the
brain cast fit per fectly. He stood trans fixed in the drive way with the brain cast and
skull-con tain ing rock in his hands, so long that he was late for the wedding.

He spent the next three months pa tiently chip ping away the rock ma trix that cov ered
the ac tual skull, us ing his wife’s sharp ened knit ting nee dles. Two days be fore Christ mas, a
child’s face emerged, com plete with a full set of milk teeth and per ma nent mo lars still in the
pro cess of erupt ing. The Taung skull and brain were that of an early humanlike child.

Dart quickly wrote an ar ti cle for Na ture mag a zine de scrib ing his dis cov ery of the early 
hu man oid and showed how the struc ture of the skull and spi nal cord con nec tion clearly
showed that the child had walked up right. Dart claimed to have dis cov ered the “miss ing
link” that showed how hu mans evolved in the Af ri can plain from apes.

The sci en tific com mu nity were nei ther im pressed with Dart’s de scrip tion nor con vinced.
All Eu ro pean sci en tists re mained skep ti cal un til well-re spected Scots man Rob ert Broom dis -
cov ered a sec ond Af ri can skull in 1938 that sup ported and sub stan ti ated Dart’s dis cov ery.

Fun Facts: Dar win be lieved that hu man oids emerged in Af rica. No one
be lieved him for 50 years, un til Dart un cov ered his famed skull in 1924.
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Quan tum The ory
QUANTUM THEORY
QUANTUM THEORY

Year of Dis cov ery: 1925

What Is It? A math e mat i cal sys tem that ac cu rately de scribes the be hav ior of
the sub atomic world.

Who Dis cov ered It? Max Born

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est? (Max 150 words)

In the first 20 years of the twen ti eth cen tury, phys ics buzzed with the in cred i ble dis -
cov ery of the sub atomic world. Long be fore mi cro scopes were pow er ful enough to al low
re search ers to see an atom, sci en tists used math e mat ics to probe into the sub atomic world of 
elec trons, pro tons, and al pha and beta particles.

Al bert Ein stein, Werner Heisenberg, Max Planck, Paul Dirac, and other famed re -
search ers posed the o ries to ex plain this bi zarre new ter ri tory. But it was quiet, un as sum ing
Max Born who dis cov ered a uni fied quan tum the ory that sys tem at i cally, math e mat i cally
de scribed the subatomic world.

Max Born’s gift to the world was a brand-new field of study we call “quan tum me -
chan ics” that is the ba sis of all mod ern atomic and nu clear phys ics and solid state me chan -
ics. It is be cause of Max Born that we are now able to quan ti ta tively de scribe the world of
sub atomic par ti cles.

How Was It Dis cov ered?
How Was It Dis cov ered?

Ein stein pub lished his gen eral the ory of rel a tiv ity in 1905. So, for the last year and a
half of his uni ver sity study, 25-year-old Göttingen Uni ver sity math e mat ics stu dent Max
Born lived in a world abuzz with the won der, im pli ca tions, and po ten tial of Ein stein’s bold
and rev o lu tion ary theory.

Bit terly frus trated that he could n’t find a post grad u ate po si tion that would al low him to 
con tinue his stud ies of the sub atomic world, Born re turned home to live in his child hood
room. Work ing alone for two years at the desk he used for home work as a boy, he tried to
ap ply his math e mat i cal teach ings to the prob lems of sub atomic rel a tiv ity as de scribed in
Ein stein’s the ory. Through this work, Max Born dis cov ered a sim pli fied and more ac cu rate
method of cal cu lat ing the minuscule mass of an electron.

Born wrote a pa per on his find ings that gen er ated an of fer for a full-time po si tion at
Göttingen Uni ver sity. Two weeks af ter he started, the job evap o rated. Born limped back

148



home for an other full year of in de pend ent study and a sec ond pa per, a re view of the math e -
mat i cal im pli ca tions of Ein stein’s rel a tiv ity, be fore he was of fered a lec tur ing po si tion at
Göttingen University.

How ever, the only avail able re search fund ing was des ig nated for the study of the vi bra -
tional en ergy in crys tals. Deeply dis ap pointed, feel ing ex cluded from the grand hunt for the
struc ture of the atom, Born launched his study of crys tals. For five years Born and two as sis -
tants col lected, grew, sliced into pa per-thin wedges, stud ied, mea sured, and an a lyzed crys tals.

In 1915 Born shifted to the Uni ver sity of Berlin to work with phys ics gi ant Max
Planck. Planck and Ein stein were at the hub of the race to un ravel and un der stand the sub -
atomic world. Born brought his math e mat i cal su pe ri or ity and his un der stand ing of crys tals
to aid their ef forts. It was a clas sic case of fi nally be ing in the right place at the right time
with the right background.

The o ries abounded to ex plain the pe cu liar be hav ior of sub atomic par ti cles. But no one
was able to write down the math e mat ics that proved and de scribed those the o ries. The prob -
lem had mys ti fied the great est minds in the sci en tific world for almost 20 years.

It oc curred to Born that the quan tum phe nom ena phys i cists found so trou bling in elec -
trons looked re mark ably sim i lar to the be hav ior of the crys tals he had stud ied for five years.

In 1916 Born started to ap ply what he had learned with crys tals to the im mense and
com plex nu mer i cal prob lem that sur rounded sub atomic par ti cles. The work stretched the
avail able math e mat i cal tools to their lim its. The ef fort ex tended over nine years of work on
black boards, on note pads, and with slide rules.

In 1925 Born com pleted work on “Zur Quantenmechanik,” or “On Quan tum Me chan -
ics.” The phrase had never been used be fore. The pa per ex ploded across the sci en tific
world. It clearly, math e mat i cally, laid out the fun da men tals that Ein stein, Planck, Dirac,
Niels Bohr, Hermann Min kow ski, Heisenberg, and oth ers had talked about. It con cretely
ex plained and de scribed the amaz ing world of subatomic particles.

“Quan tum me chan ics” be came the name of the new field of study that fo cused on a
quan ti ta tive de scrip tion of sub atomic phe nom ena. Max Born be came its founder.

Fun Facts: In the bi zarre quan tum world, many of our “nor mal” laws do not 
ap ply. There, ob jects (like elec trons) can be (and reg u larly are) in two dif fer -
ent places at once with out up set ting any of the laws of quan tum ex is tence.
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Ex pand ing Uni verse
Ex pand ing Uni verse
EXPANDING UNIVERSE

Year of Dis cov ery: 1926

What Is It? The uni verse is ex pand ing. The mil lions of gal ax ies move ever
out ward, away from its cen ter.

Who Dis cov ered It? Edwin Hub ble

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Hub ble’s twin dis cov er ies (that there are many gal ax ies in the uni verse—not just the
Milky Way—and that all of those gal ax ies are trav el ing out ward, ex pand ing the uni verse)
rank as the most im por tant as tro nom i cal dis cov er ies of the twen ti eth cen tury. These dis cov -
er ies rad i cally changed sci ence’s view of the cos mos and of our place in it. Hub ble’s work
also rep re sents the first ac cu rate as sess ment of the movement of stars and galaxies.

The dis cov ery that the uni verse is ex pand ing and ever chang ing for the first time al -
lowed sci en tists to pon der the uni verse’s past. This dis cov ery led di rectly to the dis cov ery
of the Big Bang and the or i gin of the uni verse as well as to a new con cept of time and of the
fu ture of the universe.

How Was It Dis cov ered?
How Was It Dis cov ered?

In 1923 Edwin Hub ble was a tall, broad-shoul dered, pow er ful as tron o mer of 33 who,
10 years ear lier, had al most cho sen a ca reer as a pro fes sional boxer over as tron omy. Hub ble 
had been hired in 1920 to com plete and op er ate the Mt. Wil son Ob ser va tory’s mam moth
100-inch tele scope in Cal i for nia—the larg est telescope in the world.

In the early twen ti eth cen tury, the uni verse was thought to con tain one gal axy—the
Milky Way—plus scat tered stars and neb u lae drift ing around its edges. Hub ble de cided to
use the gi ant 100-inch tele scope to study sev eral of these neb u lae and picked Andromeda as
his first tar get—and he made the two most im por tant as tro nom i cal dis cov er ies of the
twentieth century.

This gi ant tele scope’s power showed Hub ble that Andromeda was n’t a cloud of gas (as 
had been thought). It was a dense clus ter of mil lions of sep a rate stars! It looked more like a
sep a rate galaxy.

Then Hub ble lo cated sev eral Ceph eid stars in Andromeda. Ceph eid stars pulse. The
beat of their pulse is al ways a di rect mea sure of the ab so lute amount of light given off by the
star. By mea sur ing their pulse rate and their ap par ent amount of light, sci en tists can de ter -
mine the ex act dis tance to the star.
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Andromeda lay 900,000 light-years away. That proved that Andromeda was a sep a rate 
gal axy. It lay too far away to be a fringe part of the Milky Way.

Within six months, Hub ble had stud ied and mea sured 18 other neb u lae. They were all
sep a rate gal ax ies, rang ing from five to 100 mil lion light-years from Earth. As tron o mers
were shocked to learn that the uni verse was so big and that it likely con tained thou sands of
sep a rate galaxies.

But Hub ble was just be gin ning. He had no ticed a con sis tent red shift when study ing
the light emit ted from these dis tant neb u lae.

Sci en tists had dis cov ered that each el e ment (he lium, hy dro gen, ar gon, ox y gen, etc.)
al ways emit ted en ergy in a char ac ter is tic set of spe cific fre quen cies that iden ti fied the el e -
ment’s pres ence. If they made a spec tro graph (a chart of the en ergy ra di ated at each sep a rate 
fre quency) of the light be ing emit ted from a star, the lines on the spec tro graph would tell
them which el e ments were pres ent in the star and in what relative quantities.

Hub ble found all the com mon spec tro graph lines for he lium, hy dro gen, and so forth
that were nor mally found in a star. But all the lines on his graph were at slightly lower fre -
quen cies than nor mal. It was called a red shift be cause when vis i ble light fre quen cies are
low ered, their color shifts to ward red. If their fre quency is raised, their color shifts to ward
blue (a blue shift).

Over the next two years, Edwin Hub ble con ducted ex haus tive tests of the 20 gal ax ies
he had iden ti fied. He found that ev ery one (ex cept Andromeda) was mov ing away from
Earth. More star tling, the gal ax ies moved away from us and away from each other. Ev ery
gal axy he stud ied was speed ing straight out into open space at speeds of be tween 800 and
50,000 ki lo me ters per second!

The uni verse was ex pand ing, grow ing larger ev ery sec ond as the gal ax ies raced out -
ward. It was not a static thing that had re mained un changed since the be gin ning of time. In
each mo ment the uni verse is dif fer ent than it has ever been before.

Fun Facts: Be cause the uni verse is ex pand ing, ev ery gal axy in ex is tence
is mov ing away from our own Milky Way—ex cept for one. Andromeda,
our near est neigh bor, is mov ing on a col li sion course with the Milky
Way. Don’t worry, though: the col li sion won’t oc cur for sev eral mil lion
years.
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Un cer tainty Prin ci ple
Un cer tainty Prin ci ple
UNCERTAINTY PRINCIPLE

Year of Dis cov ery: 1927

What Is It? It is im pos si ble to know the po si tion and mo tion of an el e men tary
par ti cle (e.g., an elec tron) at the same time.

Who Dis cov ered It? Werner Heisenberg

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Werner Heisenberg is famed world wide for dis cov er ing the Un cer tainty Prin ci ple,
which states that it is im pos si ble to de ter mine both the po si tion and mo men tum (mo tion) of
an el e men tary par ti cle at the same time since the ef fort to de ter mine ei ther would change the 
other in un pre dict able ways. This piv otal the o rem marked a fun da men tal turn ing point in
sci ence. For the first time it was no lon ger pos si ble to pre cisely and com pletely mea sure or
ob serve the world. At a cer tain point, Heisenberg showed, sci en tists had to step back and
take the math e mat i cal equations describing the world on faith.

The Heisenberg Un cer tainty Prin ci ple also un der mined the po si tion of cause and ef -
fect as a most ba sic and un as sail able foun da tion block of sci en tific re search, a po si tion it
had en joyed for over 2,500 years. Aat an el e men tary par ti cle level, ev ery cause had only a
fixed prob a bil ity of cre at ing an anticipated effect.

How Was It Dis cov ered?
How Was It Dis cov ered?

Open ing the mail in his Helgoland, Ger many, home, in the fall of 1926, Werner
Heisenberg found a let ter from famed phys i cist Max Planck. The let ter glowed with praise
for Heisenberg’s pa per pre sent ing the “ma trix me chan ics” Heisenberg had de vel oped. It
was Heisenberg’s fifth con grat u la tory let ter from a famed phys i cist that week.

Ev ery let ter hailed Heisenberg’s ma trix me chan ics and talked about its “vast po ten -
tial.” They called it “new and ex cit ing” and “ex tremely valu able.”

But Werner Heisenberg’s deep sense of un ease was not re lieved by these let ters. Bur -
ied in his ma trix equa tions, Heisenberg had de tected what he thought was a hard limit to sci -
ence. If true, it would be the first time sci ence had been told it was im pos si ble to be more
pre cise. A deep dread rum bled the foun da tions of Heisenberg’s sci en tific be liefs. Yet there
it was in black and white. If he was right, sci ence had reached an unscalable wall.

The great phys ics de bate at that time cen tered on the im age of an atom. Was it a ball of
pro tons sur rounded by shells of par ti cle elec trons, as Niels Bohr claimed, or were elec trons
re ally waves of en ergy flow ing around the cen tral nu cleus, as oth ers pro posed? It oc curred
to Heisenberg to for get spec u la tion and be gin with what was known—that when elec trons
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(what ever they were) be came ex cited, they re leased quanta of en ergy at spe cific char ac ter -
is tic fre quen cies. Heisenberg de cided to de velop equa tions to de scribe and pre dict the end
re sult, the spectral lines of this radiated energy.

He turned to ma trix anal y sis to help him de rive equa tions with terms such as fre -
quency, po si tion, and mo men tum along with pre cise ways to math e mat i cally ma nip u late
them. The re sult ing equa tions, while yield ing good re sults, seemed strange and un wieldy.
Un cer tain of their value, Heisenberg al most burned the fi nal pa per. In stead he sent a copy to 
some one he had stud ied with and trusted, Wolfgang Pauli. Pauli in stantly rec og nized the
value of Heisenberg’s work and notified other physicists.

Heisenberg’s dis cov ery, called ma trix me chan ics, gained him in stant fame. But
Heisenberg was deeply both ered by what hap pened when he com pleted his ma trix cal cu la -
tions. Heisenberg no ticed that, be cause of the ma trix na ture of the cal cu la tions, the value of
a par ti cle’s po si tion could af fect the value he had to use for its mo men tum (the par ti cle’s
motion), and vice versa.

While deal ing with im pre ci sion was not new, it was new to re al ize that the better he
knew one term, the more it would add im pre ci sion to an other. The better he knew po si tion,
the less he knew about mo men tum. The more pre cisely he could de ter mine mo men tum, the
less he would know about position.

Heisenberg had ac ci den tally dis cov ered the prin ci ple of un cer tainty. In one sweep ing
dis cov ery he de stroyed the no tion of a com pletely de ter min is tic world. Hard lim its sud -
denly ex isted on sci ence’s abil ity to mea sure and ob serve. For the first time, there were
places sci en tists could not go, events they could never see. Cause and ef fect be came cause
and chance-of-ef fect. At the most fun da men tal level the very ap proach to phys i cal sci ence
was al tered. Re search was made in stantly more com plex, and yet new doors and av e nues to
un der stand ing and prog ress were opened. Heisenberg’s Un cer tainty Prin ci ple has been a
guid ing foundation of particle research ever since.

Fun Facts: Werner’s best sub jects were math e mat ics, phys ics, and re li -
gion, but his re cord through out his school ca reer was ex cel lent all round.
In fact his math e mat i cal abil i ties were such that in 1917 (when he was 16)
he tu tored a fam ily friend who was at the uni ver sity study ing cal cu lus.
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Speed of Light
Speed of Light
SPEED OF LIGHT

Year of Dis cov ery: 1928

What Is It? The speed at which light trav els—a uni ver sal con stant.

Who Dis cov ered It? Al bert Michelson

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

In the late 1800s dis cov er ing the true the speed of light had only mi nor im por tance be -
cause as tron o mers were the only ones who used this num ber. (Dis tances across space are
mea sured in light-years—how far light trav els in one year’s time.) Since their mea sure -
ments were only ap prox i ma tions any way, they could ac cept a 5 per cent (or even 10 per cent) 
error in that value.

Then Al bert Ein stein cre ated his famed en ergy-mat ter equa tion, E = mc
2
. In stantly the

speed of light, “c,” be came crit i cal to a great many cal cu la tions. Dis cov er ing its true value
jumped to the high est pri or ity. Light speed be came one of the two most im por tant con stants
in all phys ics. A 1 per cent er ror, or even a 0.1 per cent er ror, in “c” was sud denly un ac cept -
ably large.

But the prob lems of dis cov er ing the true speed of light—a speed faster than any clock
could mea sure or other ma chines could de tect—were enor mous. Al bert Michelson in vented 
half a dozen new pre ci sion de vices and, af ter 50 years of at tempts, was the first hu man to ac -
cu rately mea sure light speed. His dis cov ery earned Michelson the first No bel Prize to be
given to an American physicist.

How Was It Dis cov ered?
How Was It Dis cov ered?

This was a dis cov ery that was de pend ent on the in ven tion of new tech nol ogy and new
equip ment—just as Ga li leo’s dis cov ery of moons around other plan ets was de pend ent on
the in ven tion of the telescope.

In 1928, 74-year-old Al bert Michelson strug gled to make one last try to ac cu rately
mea sure the speed of light and dis cover the true value of “c” in Ein stein’s famed equa tion.
He had de signed, fi nanced, and com pleted a dozen at tempts over the pre vi ous 50 years.
Michelson was de ter mined this time to mea sure the speed of light with no more than a 0.001 
per cent er ror. That value would fi nally be ac cu rate enough to sup port es sen tial nu clear
physics calculations.

Four years ear lier, Michelson had turned to the famed gy ro scope man u fac turer, Elmer
Sperry, to im prove upon the equip ment avail able for his mea sure ments. Now in 1928, the
third, and lat est, round of equip ment im prove ments was rep re sented by a small oc tag o nal
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cyl in der that had just been driven in a thickly pad ded crate up the bumpy dirt road to the top
of Mt. Baldy in Cal i for nia—Michelson’s test site.

The ex per i ment Michelson de signed was sim ple. He shone a light onto this small mir -
rored cyl in der as it ro tated at a high speed, driven by a mo tor (also in vented by Sperry) ca -
pa ble of main tain ing an ex act speed of ro ta tion. At some point as the mir ror turned, it would
be per fectly aligned to re flect this light beam to ward a sta tion ary, curved mir ror at the back
of the room. How ever, the ro tat ing mir ror would only re flect light back to that mir ror for a
very small frac tion of a second before it rotated on.

This back wall mir ror thus got short pulses of light from each face of the ro tat ing mir -
ror. Each pulse re flected through a fo cus ing lens and out through an open ing in the wall 22
miles to Mt. San An to nio. There it bounced off a mir ror, through a sec ond fo cus ing lens,
and straight back to Mt. Baldy. Here the light pulse once again hit the back wall mir ror, and
fi nally re flected back to the ro tat ing cylinder.

Even though each pulse of light would com plete this 44-mile jour ney in less than
1/4000 of a sec ond, the ro tat ing cyl in der would have al ready turned some by the time that
light pulse got back from Mt. San An to nio. Re turn ing light would re flect off the ro tat ing
mir ror and hit a spot on the shed wall. The an gle from the cyl in der to that spot would tell
Michelson how far the mir ror had ro tated while a pulse of light made the 44-mile
round-trip. That would tell him how fast the light had traveled.

While it all sounded sim ple, it meant years of work to im prove the nec es sary equip -
ment. Sperry cre ated a better light so that it would last through 44 miles of travel. He cre ated 
a more ac cu rate mo tor drive so that Michelson would al ways know ex actly how fast the
small cyl in der was turning.

Sperry de signed smoother fo cus ing lenses and a better mir rored cyl in der—one that
would n’t vi brate or dis tort its mir rored sides un der the tre men dous forces of high-speed
rotation.

Michelson switched on the mo tor and light. Faster than eyes could see, the light stream 
shot out to Mt. San An to nio and back. It bounced off the ro tat ing cyl in der and onto the far
wall.

From the cyl in der’s ro ta tional speed and the place ment of that mark on the wall,
Michelson cal cu lated the speed of light to be 186,284 miles per sec ond—less than 2 mph
off of the mod ern es ti mate—an er ror of less than 0.001 per cent. With this dis cov ery, sci en -
tists in the fields of phys ics, nu clear phys ics, and high-en ergy phys ics were able to pro ceed
with the cal cu la tions that led to nu clear en ergy and nuclear weapons.

Fun Facts: Trav el ing at light speed, your ship could go from New York
to Los An geles 70 times in less than one sec ond. In that same one sec ond
you could make seven and a half trips around the earth at the equa tor.
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Pen i cil lin
PENICILLIN
PENICILLIN

Year of Dis cov ery: 1928

What Is It? The first com mer cially avail able an ti bi otic drug.

Who Dis cov ered It? Al ex an der Flem ing

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Pen i cil lin has saved mil lions of lives—tens of thou sands dur ing the last years of World 
War II alone. The first an ti bi otic to suc cess fully fight bac te rial in fec tions and dis ease, pen i -
cil lin was called a mir a cle cure for a dozen killer dis eases ram pant in the early twentieth
century.

Pen i cil lin cre ated a whole new ar se nal of drugs in doc tors’ toolkits to fight dis ease and
in fec tion. It opened the door to en tire new fam i lies and new gen er a tions of an ti bi otic drugs.
Pen i cil lin started the vast in dus try of an ti bi otic drugs and ush ered in a new era of medicine.

How Was It Dis cov ered?
How Was It Dis cov ered?

In 1928, 47-year-old Scot tish born Al ex an der Flem ing was named chief bio chem ist at
St. Mary’s Hos pi tal in Lon don and given a base ment lab o ra tory tucked in next to the boiler
room.

As the staff bac te ri ol o gist, he grew (or “cul tured”) bac te ria in small, round, glass
plates for hos pi tal study and ex per i ment. Us ing mi cro scopic amounts of a bac te rium (of ten
col lected from a sick pa tient), he grew enough of each to de ter mine why the pa tient was sick 
and how best to fight the in fec tion. Small dishes of deadly staph y lo cocci, strep to cocci, and
pneumococci bac te ria were lined and la beled across the one lab bench that stretched the
length of Fleming’s lab.

Molds were the one great haz ard to Flem ing’s lab op er a tion. Flem ing’s lab al ter nated
be tween be ing drafty and stuffy, de pend ing on the weather and how hard the boiler worked
next door. His only ven ti la tion was a pair of win dows that opened at ground level to the
parklike gar dens of the hos pi tal. Af ter noon breezes blew leaves, dust, and a great va ri ety of
air borne molds through those win dows. It seemed im pos si ble to keep molds from drift ing
into, and con tam i nat ing, most of the bacteria Fleming tried to grow.

On Sep tem ber 28, 1928, Flem ing’s heart sank as he re al ized that a prized dish of pure
(and deadly) staph y lo cocci bac te ria had been ru ined by a strange, green mold. The mold
must have floated into the dish some time early the pre vi ous eve ning and had been mul ti ply -
ing since then. Green ish mold fuzz now cov ered half the dish.
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Flem ing grunted and sighed. Then he froze. Where this strange green mold had grown, 
the staph y lo cocci bac te ria had sim ply dis ap peared. Even bac te ria more than an inch from
the mold had turned trans par ent and sickly.

What kind of mold could de stroy one of the most hearty, te na cious, and deadly bac te ria
on earth? No other sub stance then known to man could at tack staph y lo cocci so suc cess fully.

It took two weeks for Flem ing to iso late and cul ture enough of the tough green mold to
com plete an iden ti fi ca tion: Penicillium notatum. Within a month he had dis cov ered that the
mold se creted a sub stance that killed bac te ria. He be gan to call this sub stance “penicillin.”

Through cul ture dish ex per i ments he dis cov ered that pen i cil lin could eas ily de stroy all 
the com mon hu man-kill ing bac te ria—staph y lo cocci, strep to cocci, pneumococci, even the
tough est of all, the ba cilli of diph the ria. The only bac te rium pen i cil lin fought but did not de -
stroy was the weak, sen si tive bac te rium that caused influenza (flu).

Flem ing spent six months test ing pen i cil lin on rab bits to es tab lish that the drug was
safe for hu man use be fore, in late 1929, an nounc ing the dis cov ery of his mir a cle mold that
had drifted in the window.

How ever, pen i cil lin was dif fi cult and slow to grow. It worked won ders but was avail -
able in such small quan ti ties that it did lit tle prac ti cal good. In 1942 Dor o thy Hodg kin, a
Brit ish re searcher, de vel oped a new pro cess, called X-ray crystalography, to de ci pher the
struc ture of a pen i cil lin mol e cule. It took her 15 months and thou sands of X-ray im ages of
the mol e cules in a pen i cil lin crys tal to iden tify each of the 35 at oms in a pen i cil lin mol e cule. 
Dr. Hodg kin was awarded the 1964 Nobel Prize for her work.

Amer i can doc tors Howard Flo rey and Ernst Chain were able to use Hodg kin’s map to
syn thet i cally pro duce pen i cil lin mol e cules in mass pro duc tion be gin ning in 1943. For their
ef fort, Flo rey and Chain were awarded the 1945 No bel Price in Med i cine jointly with Al ex -
an der Flem ing, the discoverer of penicillin.

Fun Facts: Amer i can re search ers in Peoria, Il li nois, were able to de -
velop com mer cial pro duc tion of pen i cil lin first, be cause two of pen i cil -
lin’s fa vor ite foods turned out to be a strain of lo cal Il li nois corn and
rot ting can ta loupes, do nated by a Peoria mar ket. Those food bases
helped re search ers in crease their pro duc tion of pen i cil lin from 400 mil -
lion to over 650 bil lion units a month
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An ti mat ter
An ti mat ter
ANTIMATTER

Year of Dis cov ery: 1929

What Is It? An ti mat ter are par ti cles of the same mass and com po si tion as pro -
tons and elec trons, but with an op po site elec tri cal charge.

Who Dis cov ered It? Paul Dirac

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Sci ence fic tion space ships are reg u larly pow ered by an ti mat ter drives. Fu tur is tic
bombs are de signed around an ti mat ter. Yet nei ther you nor any one you’ve ever met has
even once seen a par ti cle of an ti mat ter. An ti mat ter does not come in fist-sized chunks, but
as stray, in di vid ual subatomic particles.

Paul Dirac is con sid ered by many to be the great est Brit ish the o ret i cal phys i cist since
New ton. Dirac was the first to pre dict the nec es sary ex is tence of pos i trons and antiprotons,
or an ti mat ter. The con cept of an ti mat ter pro vided a new av e nue of re search and un der stand -
ing in phys ics. Dirac’s an ti mat ter dis cov ery has be come the the o ret i cal frame work for mod -
ern par ti cle phys ics. Mod ern cos mol o gists and phys i cists are able to ex tend and ap ply the
pre cepts of quan tum phys ics, quan tum elec tro dy nam ics, and quantum mechanics in large
part because of Dirac’s discovery.

How Was It Dis cov ered?
How Was It Dis cov ered?

Shy, re tir ing, and se cre tive by na ture, 21-year-old Cam bridge Uni ver sity phys ics
grad u ate stu dent Paul Dirac had made few friends, but had gained a rep u ta tion for math e -
mat i cal brilliance.

By 1923, the the o ries of rel a tiv ity and quan tum me chan ics were well-es tab lished, but
their lim its and the ex act im pli ca tions and mean ing were not. Quan tum me chan ics, the
study of sys tems so small that New to nian phys ics breaks down, was based on the as sump -
tion that sub atomic mat ter acts both like par ti cles and waves. The con tra dic tions and par a -
dox i cal im pli ca tions of this as sump tion and the math e mat ics used to try to de scribe it were
drawing physics toward a crisis.

Through a se ries of cun ning re search ef forts and pre cise, ar tic u late pa pers, Dirac be -
gan to chip away at these in con sis ten cies, bring ing clar ity and rea son to what had pre vi -
ously seemed to be cha otic un cer tainty. He im proved the meth ods to cal cu late a par ti cle’s
speed as de fined by “Ed ding ton’s equa tions”. He re solved the dis crep an cies of the
covariance of Niels Bohr’s frequency condition.
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Still as a grad u ate stu dent, he pub lished five im por tant pa pers and turned his fo cus to
the more gen eral prob lem of unit ing quan tum me chan ics (the laws gov ern ing the mi -
cro-world of el e men tary par ti cles) and rel a tiv ity (the laws gov ern ing the macro-world of
plan e tary and uni ver sal grav i ta tion). To this work Dirac brought his en gi neer’s abil ity to ac -
cept and use ap prox i ma tions when ex act cal cu la tions were not pos si ble and where ex act
mea sure ments did not ex ist. This tal ent al lowed Dirac to ven ture into new ar eas of anal y sis
whose lack of exact measurements had stopped previous researchers.

Dirac worked mostly in the world of ad vanced math e mat ics for these stud ies. He used
the re sults of a num ber of lab stud ies con ducted by other re search ers to test and ver ify his
equa tions and math e mat i cal models.

Through com ple tion of his doc toral work and through the first five years of his work as 
a re searcher at Cam bridge, Dirac strug gled to re solve the ap par ent in com pat i bil ity of these
two ma jor sys tems of thought and anal y sis. By 1929 Dirac had re al ized that his cal cu la tions
re quired that sev eral sub atomic par ti cles had to ex ist that had never been de tected or
thought of be fore. In or der for the equa tions that he had de vel oped and tested against lab re -
sults to work, an en tire set of new par ti cles had to ex ist. These new par ti cles would mimic
the mass and com po si tion of the known par ti cles, but would have the opposite electrical
charge.

Pro tons and neu trons were known. Dirac con cluded that neg a tively charged par ti cles
of equiv a lent mass must also ex ist. The ex is tence of this antiproton, or an ti mat ter, was con -
firmed 25 years later.

Sim i larly, Dirac con cluded that if an elec tron ex isted, pos i tively and neu trally charged
par ti cles of sim i lar mass (pos i tron and neu trino re spec tively) must also ex ist. The ex is tence
of pos i trons was con firmed two years later, in 1932. Neu tri nos were pos i tively iden ti fied in
the mid-1970s, but their mass was not con firmed un til work done by Japanese researchers in 
1998.

Dirac thus dis cov ered the ex is tence of an ti mat ter and proved that the par ti cles we can
see, touch, and deal with rep re sent only half of the kinds of par ti cles that in habit our uni -
verse. In so do ing, Dirac moved sci ence closer to an ac cu rate view of the physical world.

Fun Facts: When mat ter con verts to en ergy, some res i due is al ways left.
Only part of the mat ter can be con verted into en ergy. Not so with an ti -
mat ter. When an ti mat ter col lides with mat ter, 100 per cent of both mat ter
and an ti mat ter are con verted into us able en ergy. A gram of an ti mat ter
would carry as much po ten tial en ergy as 1,000 space shut tle ex ter nal
tanks carry.
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Neu tron
Neu tron
NEUTRON

Year of Dis cov ery: 1932

What Is It? A sub atomic par ti cle lo cated in the nu cleus of an atom with the
mass of a pro ton but no elec tri cal charge.

Who Dis cov ered It? James Chadwick

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

The dis cov ery of neu trons has been hailed as a ma jor land mark of twen ti eth-cen tury
sci ence. First, this dis cov ery com pleted our un der stand ing of the struc ture of at oms. Sec -
ond, be cause they have no elec tri cal charge, neu trons have been by far the most use ful par ti -
cles for cre at ing nu clear col li sions and re ac tions and for ex plor ing the struc ture and re ac tion 
of at oms. Neu trons were used by Er nest Law rence at UC Berke ley to dis cover a dozen new
el e ments. Neu trons were es sen tial to the cre ation of nuclear fission and to the atomic bomb.

How Was It Dis cov ered?
How Was It Dis cov ered?

Since the dis cov ery that a sub atomic world ex isted (in 1901), only the two elec tri cally
charged par ti cles—pro ton and elec tron—had been dis cov ered. Sci en tists as sumed that
these two par ti cles made up the whole mass of every atom.

But there was a prob lem. If at oms were made up of pro tons and elec trons, spin didn’t
add up cor rectly. The idea that each sub atomic par ti cle pos sessed a “spin” was dis cov ered
in 1925 by George Uhlenbeck and Sam uel Goudsmit in Ger many. For ex am ple, a ni tro gen
atom has an atomic mass of 14 (a pro ton has a mass of 1) and its nu cleus has a pos i tive elec -
tri cal charge of +7 (each pro ton has a charge of +1); to bal ance this pos i tive charge, seven
elec trons (charge of -1 each) or bit around the nu cleus. But some how, seven ad di tional elec -
trons had to ex ist in side the nu cleus to can cel out the pos i tive elec tri cal charge of the other
seven protons.

Thus, 21 par ti cles (14 pro tons and 7 elec trons) should re side in each ni tro gen nu cleus,
each with a spin of ei ther +½ or -½. Be cause 21 is an odd num ber of par ti cles, no mat ter how 
they com bined, the to tal spin of each ni tro gen nu cleus would have to have a ½ in it. But the
mea sured spin of a ni tro gen nu cleus was al ways a whole in te ger. No half. Some thing was
wrong.

Er nest Rutherford pro posed that a pro ton-elec tron must ex ist and that a ni tro gen nu -
cleus has seven pro tons and seven pro ton-elec trons (for 14 par ti cles—an even num ber—
and the cor rect spin to tal). But it was only the ory. He had no idea of how to de tect a pro -
ton-elec tron since the only known way to de tect a par ti cle was to de tect its electrical charge.
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En ter James Chadwick. Born in 1891 in Eng land, Chadwick was an other of the crop of 
phys i cists who learned their atomic phys ics un der Rutherford. By the mid-1920s Chadwick
was ob sessed with the search for Rutherford’s un charged pro ton-elec tron.

In 1928 Chadwick be gan to use be ryl lium for his ex per i ments. Be ryl lium was a small,
sim ple atom with an atomic mass of 9. He bom barded be ryl lium with al pha par ti cles from
po lo nium (a ra dio ac tive el e ment) and hoped that some be ryl lium at oms would be struck by
al pha par ti cles and burst apart into two new al pha par ti cles (each with a mass of 4).

If that hap pened, these two al pha par ti cles would carry all of the elec tri cal charge of
the orig i nal be ryl lium nu cleus, but not all of its mass. One atomic unit of mass (the mass of a 
pro ton) would be left over from be ryl lium’s orig i nal mass of 9. But that last pro ton-sized
par ti cle from the breakup of this be ryl lium nu cleus would have no elec tri cal charge. It
would there fore have to be the pro ton-elec tron (now called neu tron) Chadwick sought.

If this ex per i ment worked, Chadwick would cre ate a stream of neu trons along with al -
pha par ti cles. How ever, it took three years for Chadwick to find a way to de tect the pres ence 
of any neu trons he cre ated in this way. He used a strong elec tri cal field to de flect al pha par ti -
cles (all elec tri cally charged). Only un charged par ti cles would con tinue straight along the
target path.

Hap pily, Chadwick found that some thing was still smash ing into a block of par af fin
wax he placed at the end of the tar get path. That “some thing” hit the par af fin hard enough to
break new al pha par ti cles loose from the wax. That some thing had to have come from the
col li sion of al pha par ti cles with be ryl lium at oms, had to be at least the size of a pro ton (to
break new al pha par ti cles loose in the par af fin), and could n’t have an elec tri cal charge since
it was n’t de flected by the elec tri cal field. It had to be a neutron.

 Chadwick had dis cov ered the neu tron. He had proved that they ex isted. But it was
Rutherford, not Chadwick, who named it neu tron for its neu tral elec tri cal charge.

Fun Facts: A neu tron has nearly 1,840 times the mass of the elec tron.
How does that size com pare with a pro ton?
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Cell Struc ture
Cell Struc ture
CELL STRUCTURE

Year of Dis cov ery: 1933

What Is It? The first ac cu rate map of the many in ter nal struc tures that make up 
a liv ing cell.

Who Dis cov ered It? Al bert Claude

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Al bert Claude was the first sci en tist to de velop pro ce dures for iso lat ing and study ing
in di vid ual struc tures within a cell. He is the one who mapped the in ner or ga ni za tion and ac -
tiv ity of a cell and its many com po nents. He is rightly called the founder of modern cell
biology.

Al though he never grad u ated from high school, Claude pi o neered the use of cen tri fuge 
tech niques and the elec tron mi cro scope for the study of liv ing cells. He dis cov ered a dozen
key com po nents of cells, iden ti fied the func tion of other cell sub struc tures, and laid the
ground work for a whole new field of cellular biology.

How Was It Dis cov ered?
How Was It Dis cov ered?

Al bert Claude re ceived only a third-grade ed u ca tion be fore he was forced to quit
school and get a mill job. Af ter serv ing in the Bel gian army dur ing World War I, Claude was 
able to study med i cine in col lege when the Bel gian gov ern ment al lowed any re turn ing sol -
dier to at tend col lege—even though the Uni ver sity of Liege was less than ea ger to ac cept an
il lit er ate country soldier.

Dur ing his stud ies, Claude sub mit ted a lengthy re search pro posal to the Rockefeller
In sti tute for Med i cal Re search in New York. It was ac cepted and Claude im mi grated to
America.

Claude pro posed to study live can cer cells and dis cover how the dis ease was trans mit -
ted. His pro posal called for him to sep a rate cells into dif fer ent com po nents for in di vid ual
study, some thing that had never been tried be fore. There were no es tab lished pro ce dures or
equip ment for such an op er a tion. Claude had to scrounge crude equip ment from ma chine
and butcher shops. He used com mer cial meat grind ers to pul ver ize sam ples of chicken can -
cer ous tu mors that he sus pended in a liq uid me dium. He used a high-speed cen tri fuge to
sep a rate the ground-up cells into their var i ous subparts—heavi est on the bot tom, light est on 
top. He called the pro ce dure cell frac tion ation.

He now had test tubes filled with lay ers of goo and mud. Since no one had ever sep a -
rated cell subparts be fore, it took Claude sev eral years of study and prac tice to de ter mine
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what each iso lated layer was and to learn how to suc cess fully iso late the tu mor agent from
the rest of the cell. Claude’s chem i cal anal y sis showed this agent to be a ri bo nu cleic acid
(RNA), a known con stit u ent of vi ruses. This was the first ev i dence that can cer was caused
by a virus.

Claude de cided to con tinue us ing cell frac tion ation to study healthy cells. Work ing
full-time in his lab o ra tory over the next six years us ing a cen tri fuge and a high-pow ered mi -
cro scope, Claude was able to iso late and de scribe the cell nu cleus (the struc ture that houses
the chro mo somes), organelles (spe cial ized mi cro scopic struc tures within a cell that act like
or gans), mi to chon dria (tiny rod-shaped gran ules where res pi ra tion and en ergy pro duc tion
ac tu ally hap pen), and ri bo somes (the sites within cells where proteins are formed).

Claude was map ping a new world that had only been guessed at be fore. Still, his view
was lim ited by the power of his mi cro scope. In 1942 the Rockefeller In sti tute was able to
bor row the only elec tron mi cro scope in New York, used by phys i cists at tempt ing to probe
in side an atom. This scope was ca pa ble of mag ni fy ing ob jects one mil lion times their
original size.

How ever, the scope also bom barded a sam ple with a pow er ful beam of elec trons in or -
der to cre ate an im age. Such an elec tron stream de stroyed frag ile liv ing tis sue. Claude spent
18 months de vel op ing suc cess ful meth ods to pre pare and pro tect cell sam ples to with stand
the elec tron mi cro scope. By mid-1943 Claude had ob tained the first ac tual im ages of the in -
ter nal struc ture of a cell, im ages pre vi ously un think able. In 1945 Claude pub lished a cat a -
log of doz ens of new cell struc tures and functions never before identified.

The names of the sci en tists who broke the bar rier of an atom and dis cov ered what lay
in side (e.g., Ma rie Curie, Max Born, Niels Bohr, Enrico Fermi, and Werner Heisenberg) are 
well known and re vered. Al bert Claude sin gle-handedly broke through the bar rier of a cell
wall to dis cover and doc u ment a uni verse of subparts and ac tiv ity inside.

Fun Facts: There are more than 250 dif fer ent types of cells in your body. 
yet they all started as, and grew out of, one sin gle cell—the fer til ized egg
cell.
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The Func tion of Genes
The Func tion of Genes
THE FUNCTION OF GENES

Year of Dis cov ery: 1934

What Is It? Bea dle dis cov ered how genes per form their vi tal func tion.

Who Dis cov ered It? George Bea dle

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Genes are strung along chro mo somes and con tain di rec tions for the op er a tion and
growth of in di vid ual cells. But how can a mol e cule of nu cleic acid (a gene) di rect an en tire
com plex cell to per form in a cer tain way? George Bea dle an swered this crit i cal ques tion and 
vastly im proved our un der stand ing of evolutionary genetics.

Bea dle dis cov ered that each gene di rects the for ma tion of a par tic u lar en zyme. En -
zymes then swing the cell into ac tion. His dis cov ery filled a huge gap in sci en tists’ un der -
stand ing of how DNA blue prints are trans lated into phys i cal cell-build ing ac tion. Bea dle’s
ground break ing work shifted the fo cus of the en tire field of ge net ics re search from the qual -
i ta tive study of out ward char ac ter is tics (what phys i cal de for mi ties are cre ated by mu tated
genes) to the quan ti ta tive chem i cal study of genes and their mode of producing enzymes.

How Was It Dis cov ered?
How Was It Dis cov ered?

George Bea dle was sup posed to be a farmer. He was born on a farm out side Wahoo,
Ne braska, in 1903. But a col lege study of the ge net ics of hy brid wheat hooked Bea dle on the 
won der of ge net ics. Ge net ics in stantly be came his life long passion.

In 1937, at the age of 34, Bea dle landed an ap point ment with the ge net ics fac ulty at
Stan ford Uni ver sity. Stan ford wanted to de velop their study of bio chem i cal ge net ics. The
study of ge net ics was 80 years old. But bio chem i cal ge net ics, or the mo lec u lar study of how
ge net ics sig nals were cre ated and sent to cells, was still in its in fancy. Bea dle teamed with
mi cro bi ol o gist Ed ward Tatum to try to de ter mine how genes exercise their controlling
influence.

In con cept their work was sim ple. In prac tice it was pains tak ingly te dious and de mand -
ing. They searched for the sim plest life form they could find, choos ing the bread mold
Neurospora be cause its sim ple gene struc ture had been well doc u mented. They grew trays
upon trays of col o nies of Neurospora in a com mon growth me dium. Then Bea dle and
Tatum bom barded ev ery col ony with X-rays, which were known to ac cel er ate ge netic mu -
ta tions. Within 12 hours most col o nies con tin ued to grow nor mally (they were unmutated),
a few died (X-rays had de stroyed them), and a pre cious few lived but failed to thrive (gene
mu ta tions now made them unable to grow).
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The in ter est ing group was this third one be cause it had un der gone some ge netic mu ta -
tion that made it im pos si ble for the mold to grow on its own. If Bea dle and Tatum could dis -
cover ex actly what this mu tated mold now needed in or der to grow, they would learn what
its mu tated gene had done on its own be fore it was damaged.

Bea dle and Tatum placed in di vid ual spores from one of these col o nies into a thou sand
dif fer ent test tubes, each con tain ing the same stan dard growth me dium. To each tube they
added one pos si ble sub stance the orig i nal mold had been able to syn the size for it self but that 
the mu tated mold might not be pro duc ing. Then they waited to see which, if any, would
begin to thrive.

Only one tube be gan to grow nor mally—tube 299, the one to which they had added vi -
ta min B6. The mu ta tion to the mold’s gene must have left the mold un able to syn the size vi -
ta min B6 and thus un able to grow. That meant that the orig i nal gene had pro duced
some thing that made the cells able to syn the size the vi ta min on their own. The sec ond step
of Bea dle and Tatum’s ex per i ment was to search for that some thing.

Bea dle found that when he re moved, or blocked, cer tain en zymes the mold stopped
grow ing. He was able to trace these en zymes back to genes and to show that the mu tated
gene from tube 299 no lon ger pro duced that spe cific enzyme.

Through this ex per i ment Bea dle dis cov ered how genes do their job. He proved that
genes pro duce en zymes and that en zymes chem i cally di rect cells to act. It was a dis cov ery
wor thy of a Nobel Prize.

Fun Facts: Hu mans have be tween 25,000 and 28,000 genes. Dif fer ent
genes di rect ev ery as pect of your growth and looks. Some do noth ing at
all. Called re ces sive genes, they pa tiently wait to be passed on to the next
gen er a tion, when they might have the chance to be come dom i nant and
con trol some thing.
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Eco sys tem
Eco sys tem
ECOSYSTEM

Year of Dis cov ery: 1935

What Is It? The plants, an i mals, and en vi ron ment in a given place are all in ter -
de pen dent.

Who Dis cov ered It? Ar thur Tansley

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Many sci en tists over the cen tu ries had stud ied the re la tion ship of var i ous spe cies to
their cli mate and en vi ron ment. They stud ied el e ments of ecol ogy. How ever, it was n’t un til
1935 that Ar thur Tansley re al ized that all spe cies in a given en vi ron ment were in ter con -
nected. Grasses af fected top car ni vores and the bugs that de com posed dead an i mals, and
fallen trees affected grasses and bushes.

Tansley dis cov ered that ev ery or gan ism is part of a closed, in ter de pen dent sys tem—an 
eco sys tem. This dis cov ery was an im por tant de vel op ment in our un der stand ing of bi ol ogy
and launched the mod ern en vi ron men tal move ment and the science of ecology.

How Was It Dis cov ered?
How Was It Dis cov ered?

Ar thur Tansley was the per son who saw the big pic ture and dis cov ered that all el e -
ments of a lo cal eco log i cal sys tem were de pend ent upon each other, like in di vid ual threads
in a tightly spun web. But he was not the first per son to study ecology.

Ar is totle and his stu dent, Theophrastus, stud ied the re la tion ships be tween an i mals and
their en vi ron ment in the fourth cen tury B.C. In 1805, Ger man sci en tist Al ex an der von
Humbolt pub lished his stud ies of the re la tion ship be tween plant spe cies and cli mate. He
was the first to de scribe veg e ta tion zones.

Al fred Wallace, a com pet i tor of Dar win’s, was the first to pro pose (in 1870) a “ge og ra -
phy” of an i mal spe cies, re lat ing an i mals to their cli mate and ge og ra phy. In the early nine -
teenth cen tury, French sci en tist Antoine Lavoisier dis cov ered the ni tro gen cy cle. This cy cle 
linked plants, an i mals, wa ter, and at mo sphere into a sin gle in ter de pen dent cy cle by trac ing
how ni tro gen cy cles through the en vi ron ment. What sci ence needed was for some one to
rec og nize that all of these in di vid ual pieces fit together like pieces in a jigsaw puzzle.

Ar thur Tansley was born into a wealthy fam ily in Lon don in 1871. He earned a de gree
in bot any and lec tured through out his work ing ca reer at Uni ver sity Col lege in Lon don and
then at Cam bridge. Tansley was ac tive in pro mot ing Eng lish plant ecol ogy and helped
found the Brit ish Eco log i cal Society.
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In the late 1920s Tansley con ducted a mas sive plant in ven tory of Eng land for the Eco -
log i cal So ci ety. Dur ing this study, Tansley be gan to fo cus not just on the list of plants he set
out to cre ate, but on the re la tion ships be tween this vast list of plants. Which grasses were
found with which oth ers? With which bushes and weeds? Which grasses pop u lated low land 
mead ows? Which were found on craggy moun tain sides? And so forth.

By 1930 Tansley had re al ized that he could n’t fully an a lyze the re la tion ships be tween
plants with out con sid er ing the ef fects of an i mals. He be gan to in ven tory and map the many
brows ers—an i mals that ate grasses. Soon he re al ized that any study of these browser an i -
mals was woe fully in com plete un less he in cluded an in ven tory of the car ni vores that
controlled browser populations.

Then he re al ized that he had to in clude recyclers and decomposers (or gan isms that
broke down de cay ing plant and an i mal mat ter into the ba sic chem i cal nu tri ents for plants).
Fi nally he added the phys i cal (in or ganic) en vi ron ment (wa ter, pre cip i ta tion, climate, etc.).

Tansley had re al ized by 1935 that each area he stud ied rep re sented an in te grated, en -
closed lo cal sys tem that acted as a sin gle unit and in cluded all or gan isms in that given area
and their re la tion ship to the lo cal in or ganic en vi ron ment. It was a breath tak ingly grand con -
cept. Each spe cies was linked to all oth ers. What hap pened to one affected all others.

Wa ter, sun light, and some in or ganic chem i cals en tered the sys tem from the out side.
All liv ing or gan isms in side the closed eco log i cal sys tem fed off each other, pass ing food up
and then back down the food web.

Tansley short ened the name from eco log i cal sys tem to eco sys tem. That term and that
con cept, how ever, did not gain pop u lar ity un til 1953 when Amer i can sci en tist Eu gene
Odum pub lished Fun da men tals of Ecol ogy, a book that ex plained the con cept of, and used
the term, eco sys tem.

Fun Facts: An im por tant eco sys tem ser vice that most peo ple don’t think
about is pol li na tion. Ninety per cent of the world’s food crops would not
ex ist with out pollinators like bees, bats, and wasps.
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Weak and Strong Force
Weak and Strong Force
WEAK AND STRONG FORCE

Years of Dis cov ery: 1937 and 1983

What Is It? The last two of the four fun da men tal phys ics forces of na ture.

Who Dis cov ered It? Carlo Rubbia (weak force) and Hideki Yukawa 
(strong force)

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

For sev eral cen tu ries sci en tists thought that grav ity and elec tro mag netic forces gov -
erned the uni verse. Then twen ti eth-cen tury phys i cists found atomic nu clei com posed of
pos i tively charged pro tons. Why didn’t they fly apart since pos i tive elec tri cal forces re pel
each other? Fur ther, why did some at oms nat u rally ra dio ac tively decay while others did
not?

Many phys i cists pro posed that two new forces (weak and strong) must ex ist. In 1935,
Hideki Yukawa dis cov ered the strong force. It was not un til 1983 that Carlo Rubbia dis cov -
ered the two par ti cles that de fined the weak force.

These dis cov er ies com pleted our un der stand ing of the four forces that gov ern the mi -
cro scopic quan tum world and di rect whole clus ters of gal ax ies. The weak and strong forces
form the foun da tion of quan tum physics.

How Was It Dis cov ered?
How Was It Dis cov ered?

New ton math e mat i cally de fined grav ity in 1666. Far a day, Oers ted, and Maxwell de -
fined elec tro mag ne tism in the early nine teenth cen tury. Sci en tists thought that these two
forces ruled the universe.

How ever, twen ti eth-cen tury phys i cists re al ized that nei ther of these forces could hold
an atom to gether. Elec tro mag netic re pul sion of like charges (pro tons) should rip ev ery
atomic nu cleus apart. Why did nu clei and at oms ex ist? Other sci en tists re al ized that some
force had to be re spon si ble for the de cay of radioactive nuclei.

Sci en tists the o rized that two new forces had to ex ist: the strong force (the force that
held atomic nu clei to gether) and the weak force (that cre ated ra dio ac tive de cay). No ev i -
dence ex isted to prove that ei ther force ac tu ally ex isted. Though many searched, by the late
1930s no one had de tected or proved the ex is tence of ei ther force.

In 1936 Hideki Yukawa rea soned that, since nei ther the weak nor the strong force had
ever been de tected, they must act over a range that was smaller than the di am e ter of an
atomic nu cleus. (Thus, they would be un de tect able out side of that tiny space.) He be gan a
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se ries of ex per i ments in which he smashed pro tons (hy dro gen nu clei) with neu trons to see if 
the col li sion prod ucts would give him a hint about how the strong force worked.

Yukawa no ticed the con sis tent pro duc tion of large (for sub atomic par ti cles),
short-lived par ti cles called pi-mesons (a kind of gluon) from these col li sions. That meant
that pi-mesons ex isted in side the nu cleus of at oms since that is where they sprang from.

Yukawa pro posed that mesons, in gen eral, rep re sented the at trac tive force called the
strong force. Not ing that pho tons (which rep re sented elec tro mag netic force) and gravitons
(which rep re sented grav i ta tional force) were both vir tu ally mass less, he pro posed that the
greater the mass of these tiny par ti cles, the shorter the dis tance over which they exerted their 
effects.

 He pro posed that the short-range strong force came about from the ex change of the
mas sive me son par ti cles be tween pro tons and neu trons. Yukawa could de scribe the mesons
he be lieved rep re sented the strong force, but he could not phys i cally pro duce one.

In 1947 Lattes, Muirhead, Occhialini, and Powell con ducted a high-al ti tude ex per i -
ment, fly ing pho to graphic emul sions at 3,000 me ters. These emul sions re vealed the pion,
which met all the re quire ments of the Yukawa particle.

We now know that the pion is a meson, both types of the tiny par ti cles called gluons,
and that the strong in ter ac tion is an ex change of mesons be tween quarks (the sub atomic
par ti cles that make up pro tons and neu trons).

The weak force proved harder to con firm through ac tual dis cov ery. It was not un til
1983 that Carlo Rubbia, at the Eu ro pean re search cen ter, CERN, first dis cov ered ev i dence
to prove the ex is tence of the weak force. Af ter com plet ing ini tial work in the 1970s that al -
lowed Rubbia to cal cu late the size and other phys i cal prop er ties of the miss ing par ti cles re -
spon si ble for car ry ing the weak force, Rubbia and a CERN team set out to find these
particles.

Rubbia then pro posed that the large syn chro tron at CERN be mod i fied so that beams
of ac cel er ated pro tons and antiprotons could be made to col lide head-on, re leas ing en er -
gies great enough for weak boson par ti cles to ma te ri al ize. In 1983 his ex per i ments with
the colliding-beam ap pa ra tus iso lated two short-lived par ti cles, the W and Z par ti cles.
Rubbia was able to show that these par ti cles were the car ri ers of the so-called weak force in -
volved in the ra dio ac tive de cay of atomic nu clei.

The four fun da men tal forces of na ture (and the par ti cles that carry and cre ate each of
these forces) had fi nally been dis cov ered, to com plete the stan dard model that has car ried
phys i cists into the twnety-first century.

Fun Facts: Hideki Yukawa was the first Jap a nese to win the No bel prize.

More to Ex plore
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Me tab o lism
METABOLISM
METABOLISM

Year of Dis cov ery: 1938

What Is It? Krebs dis cov ered the cir cu lar chain of chem i cal re ac tions that
turns sug ars into en ergy in side a cell and drives me tab o lism.

Who Dis cov ered It? Hans Adolf Krebs

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Mus cles do the work for your body. You eat food and—some how—it turns into en -
ergy that your mus cles burn to move. But how? How does this thing called me tab o lism
work?

The pro cess of me tab o lism in hu man bod ies is so im por tant to our un der stand ing of
hu man anat omy that three No bel prizes have been given to peo ple who con trib uted to our
un der stand ing of it. The third was given to Hans Adolf Krebs, who fi nally solved the mys -
tery and dis cov ered how our bod ies me tab o lize food into en ergy. It was one of the great
med i cal dis cov er ies of the twentieth century.

How Was It Dis cov ered?
How Was It Dis cov ered?

Brit ish phys i ol o gist Archibald Hill be lieved that mus cles should pro duce heat when
they con tracted. By 1913, he had de vel oped ways to mea sure changes as small as 3/1000 of
a de gree. To his sur prise he dis cov ered that, dur ing mus cle con trac tion, no heat was pro -
duced nor was any oxygen consumed.

Five years later, Ger man Otto Meyerhof dis cov ered that, dur ing mus cle con trac tion,
the chem i cal gly co gen dis ap pears and lac tic acid ap pears. He named this pro cess an aer o -
bic, from the Greek words mean ing “with out ox y gen.” He later dis cov ered that ox y gen was
used in the mus cle cells later to break down lac tic acid. Other re search ers found that when
they added any of four dif fer ent car bon-based ac ids to mus cle tis sue slices, it stim u lated the
tissue to absorb oxygen.

Even though these dis cov er ies seemed im por tant, they cre ated as much con fu sion
about the pro cess of how mus cles work as they pro vided an swers. Some one had to make
sense of these dif fer ent, seem ingly con fus ing studies.

Hans Krebs was born in 1900 in Ger many, the son of a sur geon. He stud ied chem is try
and med i cine and was then hired to con duct re search at Cam bridge Uni ver sity. He fo cused
this re search on the chem i cal pro cess of mus cle metabolism.

Be gin ning in 1937, Krebs stud ied pi geon liver and breast mus cle tis sue. He was able to 
mea sure the amounts of cer tain groups of ac ids—some that con tain four car bon at oms each
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and other groups of ac ids that con tain six car bon at oms each—that were cre ated when sug -
ars are ox i dized (com bined with ox y gen). He also noted that this pro cess cre ated car bon di -
ox ide, water, and energy.

These re sults were con fus ing. What did all these chem i cals have to do with sim ple me -
tab o lism of sug ars into en ergy? Krebs saw cit ric acid be ing bro ken down and yet at the same 
time, cit ric acid was be ing pro duced. The same was true for a num ber of other acids.

Slowly Krebs re al ized that the pro cess worked in a cir cle—a cir cle with seven sep a rate 
chem i cal steps. It started with cit ric acid. Each step pro duced the chem i cals and ac ids that
were needed for the next step in the cy cle. In the last step, cit ric acid was pro duced to start
the cy cle all over again.

The cy cle con tin ues end lessly in each of our cells. Along the way, glu cose mol e cules
(sug ars) sup plied by the blood are con sumed. Two waste prod ucts were pro duced by this
seven-step cy cle: car bon di ox ide and free hy dro gen at oms. These hy dro gen at oms then
com bine with ox y gen and a form of high-en ergy phos phate to cre ate wa ter and ATP, the
chem i cal that stores en ergy for cells just like a battery.

Sugar mol e cules en ter the cy cle, and car bon di ox ide, wa ter, and ATP to power the
cells exit the cy cle. By 1938 Krebs had un rav eled this amaz ingly com plex and yet amaz -
ingly ef fi cient seven-step chem i cal cy cle—spe cif i cally de signed to ac com plish a seem ingly 
sim ple task: con vert sug ars in the blood into en ergy for mus cle cells. Amaz ingly, each mus -
cle cell in our bod ies cre ates these seven se quen tial re ac tions, each sparked by a dif fer ent
en zyme, ev ery min ute of ev ery day. And Hans Krebs discovered how it works.

Fun Facts: The av er age per son’s body could the o ret i cally gen er ate 100
watts of elec tric ity us ing a bio-nano gen er a tor, a nano-scale elec tro chem -
i cal fuel cell that draws power from blood glu cose much the same way
the body gen er ates en ergy us ing the Krebs Cy cle.
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Coe la canth
COELACANTH
COELACANTH

Year of Dis cov ery: 1938

What Is It? A liv ing fish spe cies thought to be ex tinct for 80 mil lion years.

Who Dis cov ered It? J. L. B. Smith

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

The sci en tific world was shocked in 1938 when a coe la canth was dis cov ered. All sci en -
tists be lieved that this fish had been ex tinct for 80 mil lion years. No fos sil or trace of it had been
found in more re cent strata. This dis cov ery shat tered the be lief that the known fos sil re cord rep -
re sented a com plete and ac cu rate re cord of the ar rival and ex tinc tion of spe cies on this planet. It
con firmed that the deep oceans hold bi o log i cal mys ter ies still un tapped and un imag ined.

Equally im por tant, the coe la canth is a “liv ing fos sil.” Un changed for over 400 mil lion
years, this fish is a close rel a tive of the fish that, hun dreds of mil lions of years ago, was the
first crea ture to crawl out of the sea onto land—the first am phib ian, the first land crea ture.
Thus, the coe la canth is one of our ear li est an ces tors. This dis cov ery has been called the
most im por tant zoo log i cal find of the twen ti eth cen tury, as amaz ing as stum bling upon a
living dinosaur.

How Was It Dis cov ered?
How Was It Dis cov ered?

In the late 1930s, 32-year-old Margorie Courtenay-Lati mer was the cu ra tor of a tiny
mu seum in the port town of East Lon don on the In dian Ocean side of South Af rica. Lo cal
fish ing boat cap tain Hendrick Gossen al ways called her when he re turned to port with un -
usual or in ter est ing fish that she might want for her col lec tion. Usu ally these finds turned
out to be noth ing important.

On De cem ber 23, 1938, just be fore Margorie closed the mu seum for her Christ mas hol i -
day, she got a call from Gossen. She al most didn’t go. She wanted to go home to wrap pres ents.

How ever, she de cided to swing quickly by the piers on her way. She climbed onto
Gossen’s boat and no ticed a blue fin pro trud ing from be neath a pile of rays and sharks
heaped upon the deck. She had never seen such an ir i des cent blue on a fish fin be fore and
she lit er ally gasped.

Push ing the over lay ing fish aside re vealed what she de scribed as “the most beau ti ful
fish I ever saw.” It was five feet long, pale mauve-blue with ir i des cent mark ings. She had no 
idea what the fish was, but knew it was un like any thing pre vi ously caught in lo cal wa ters.
Be sides the unique col or ing, this fish’s fins did not at tach to a skel e ton, but to fleshy lobes
on the sides of its body as if they could be used to sup port the fish and allow it to crawl.
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Back in her small mu seum of fice with the pre cious fish, she thumbed through ref er -
ence books and found a pic ture that led her to a seem ingly im pos si ble con clu sion. It looked
ex actly like a pre his toric fish that had been ex tinct for 80 million years.

She mailed a de tailed de scrip tion of the fish to pro fes sor J. L. B. Smith, a chem is try
and bi ol ogy teacher at Rhodes Uni ver sity, 50 miles south of East Lon don. Un for tu nately,
Smith had al ready left for Christ mas va ca tion and did not read her mes sage un til Jan u ary 3,
1939. He im me di ately wired back, “IMPORTANT! PRESERVE SKELETON, ORGANS,
AND GILLS OF FISH DESCRIBED!”

By this time, how ever, the fish’s in nards (in clud ing gills) had been thrown away and
the fish had been mounted for mu seum dis play. Smith reached Margorie’s mu seum on Feb -
ru ary 16 and im me di ately con firmed Margorie’s ten ta tive iden ti fi ca tion. The fish was a
coe la canth (SEE-la-kanth), a fish be lieved to be ex tinct for over 80 million years.

The find was im por tant not only be cause coe la canths had been thought ex tinct for such 
a long time, but also be cause this re cent spec i men showed that they had re mained un -
changed for over 400 mil lion years!

But Smith needed a sec ond, com plete spec i men to be sure. He posted a £100 (Brit ish)
re ward for a com plete spec i men. Yet none were found. It was a tor tu ously long 14 years be -
fore, on De cem ber 21, 1952, fish ing cap tain Eric Hunt was handed a com plete coe la canth
by na tive fish er men on the is land of Com oro, be tween Zanzibar and Africa.

Hunt car ried this sec ond com plete coe la canth to Smith and the dis cov ery was con -
firmed. Smith pub lished the dis cov ery in his 1956 book on In dian Ocean ma rine spe cies and 
rat tled the imag i na tion of the world. If an 80-mil lion-year-old crea ture could lurk un de -
tected in oceans, what else swam, hid den, through the depths? World in ter est in ma rine
science skyrocketed.

Since 1956, over 200 coe la canths have been caught in the same gen eral area. But it
was the vig i lant ob ser va tion of Margorie Courtenay-Lati mer and the knowl edge of J. L. B.
Smith that kept this mon u men tal dis cov ery from be ing just an other fish dinner.

Fun Facts: The In ter na tional Un ion for the Con ser va tion of Na ture and
Nat u ral Re sources re cently sur veyed 40,177 spe cies. Of that to tal,
16,119 are now listed as threat ened with ex tinc tion. This in cludes one in
three am phib i ans and a quar ter of the world’s co nif er ous trees, as well as
one in eight birds and one in four mam mals.
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Nu clear Fis sion
Nu clear Fis sion
NUCLEAR FISSION

Year of Dis cov ery: 1939

What Is It? The dis cov ery of how to split ura nium at oms apart and pro duce
vast amounts of en ergy.

Who Dis cov ered It? Lise Meitner

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Nu clear fis sion—the split ting of ura nium at oms to pro duce en ergy—was one of the
great phys ics ad vances of the twen ti eth cen tury. It an swered one of the great phys ics puz -
zles of the age and opened the door to the atomic age. This dis cov ery is the ba sis for nu clear
power and nuclear weapons.

For her dis cov er ies, Lise Meitner has been called “the most sig nif i cant woman sci en -
tist of this cen tury.” Enrico Fermi de serves credit for many ma jor dis cov er ies in the field of
atomic phys ics. But Fermi is most fa mous for cre at ing the world’s first self-sus tained nu -
clear re ac tion. Fermi put Meitner’s dis cov ery to prac ti cal use and is thus the found ing father 
of nuclear power.

How Was It Dis cov ered?
How Was It Dis cov ered?

Lise Meitner and Otto Hahn were re search ers at the Kai ser Wil helm In sti tute in Berlin, 
Ger many. As part of their study of ra dio ac tive el e ments, Meitner and Hahn had strug gled
for years to cre ate at oms heavier than ura nium (trans uranic el e ments). They bom barded
ura nium at oms with free pro tons. It seemed ob vi ous that some would hit the nu cleus and
stick, cre at ing an el e ment heavier than ura nium. But it never worked.

They had tested their meth ods with other heavy met als. Each per formed ex actly as ex -
pected. Ev ery thing worked as Lise’s phys ics equa tions said it should—un til they reached
ura nium, the heavi est known el e ment. Through out the 1930s, no one could fig ure out why
the ex per i ment al ways failed with uranium.

There was no phys i cal rea son why heavier at oms could n’t ex ist. But in over 100 tries,
it had never worked. Ob vi ously, some thing was hap pen ing in their ex per i ments that they
did not un der stand. They needed a new kind of ex per i ment to show them what re ally hap -
pened when they bom barded ura nium nu clei with free protons.

Fi nally Otto con ceived a plan us ing nonradioactive bar ium as a marker to con tin u -
ously de tect and mea sure the pres ence of ra dio ac tive ra dium. If ura nium de cayed into ra -
dium, the bar ium would detect it.

178



Three more months were con sumed with pre lim i nary tests to es tab lish how bar ium re -
acted to ra dio ac tive ra dium in the pres ence of ura nium and to remeasure the ex act de cay
rates and de cay pat terns of radium.

Be fore they could fin ish and con duct their ac tual ex per i ment, Lise had to flee to Swe -
den to es cape the rise of Hit ler’s Nazi party. Otto Hahn had to con duct their grand ex per i -
ment alone.

Two weeks af ter Hahn com pleted this test, Lise re ceived a lengthy re port de scrib ing
his fail ure. He bom barded ura nium with a con cen trated stream of pro tons. But he didn’t
even get ra dium. He de tected only more bar ium—far more bar ium than he started with. Be -
wil dered, he begged Lise to help him fig ure out what had happened.

One week later, Lise took a long snow shoe walk through the early win ter snows. A
flash im age ap peared in her mind of at oms tear ing them selves apart. The pic ture was so
vivid, so star tling, and so strong that she could al most feel the puls ing atomic nu clei and
smell the siz zle of each atom as it ripped it self apart in her imagination.

In stantly she knew that she had just been given their an swer. Add ing ex tra pro tons
must have made the ura nium nu clei un sta ble. They had split apart. One more ex per i ment
con firmed that, when ra dio ac tive ura nium is bom barded with free pro tons, each ura nium
atom split in two, cre at ing bar ium and kryp ton. In the pro cess im mense amounts of energy
were released.

Meitner had dis cov ered the pro cess of nu clear fis sion.
Al most four years later, at 2:20 P.M. on De cem ber 2, 1942, Enrico Fermi flipped the

switch that raised hun dreds of neu tron-ab sorb ing cad mium con trol rods out of stacks of
graph ite blocks laced with sev eral tons of ura nium ox ide pel lets. Fermi had stacked 42,000
graph ite blocks in an un der ground squash court sit u ated un der the west bleach ers of Stagg’s 
field, the Uni ver sity of Chi cago foot ball field. It was the world’s first nu clear re ac tor—the
prod uct of Meitner’s dis cov ery. The 1945 cre ation of the atomic bomb was the sec ond ap -
pli ca tion of Meitner’s fission.

Fun Facts: Af ter Lise Meitner’s death, the 109th el e ment on the Pe ri odic 
Chart of El e ments was named af ter her: “meitnerium.”

More to Ex plore
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Blood Plasma
Blood Plasma
BLOOD PLASMA

Year of Dis cov ery: 1940

What Is It? Plasma is that por tion of hu man blood that re mains af ter red blood
cells have been sep a rated out.

Who Dis cov ered It? Charles Drew

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Whole blood can be safely stored for only a few days. That had al ways meant that
blood do na tions had to come from lo cal sources and be given at the time of need. Blood
could n’t travel long dis tances. Peo ple with un usual blood types of ten had to do with out dur -
ing sur gery and suf fered ac cord ingly.

Drew dis cov ered the pro cess of sep a rat ing blood into red blood cells and blood
plasma. This dis cov ery greatly ex tended the shelf life of stored blood and has saved thousands
—and prob a bly mil lions—of lives. Drew’s dis cov ery made blood banks prac ti ca ble. His
pro cess and dis cov ery are still used by the Red Cross to day for its blood do na tion and stor -
age pro gram.

How Was It Dis cov ered?
How Was It Dis cov ered?

The idea of blood trans fu sions is thou sands of years old and was prac ticed by Ro man
doc tors. How ever, there was a prob lem: many pa tients died from the trans fu sion. No one
could un der stand why this hap pened un til Karl Landsteiner dis cov ered the four blood types
in 1897 (A, B, O, and AB). By 1930, other re search ers had fur ther di vided these groups into
eight types by iden ti fy ing the RH fac tor for each group (e.g.: O+, O-, A+, A-, etc.).

With these dis cov er ies, blood trans fu sions be came vir tu ally 100 per cent safe. But now
hos pi tals had to store eight kinds of blood in or der to have what ever sup ply was needed for
sur ger ies. How ever, most do nated blood had to be thrown away be cause it spoiled be fore
be ing used. Some com mon blood types ran out and pa tients faced grave dan ger when they
had to un dergo sur gery with out it. Blood stor age be came a crit i cal prob lem for sur ger ies
and hospitals in general.

Charles Drew was born in mid-sum mer in 1904 in Wash ing ton, D.C. An all-Amer i can
foot ball player at Amherst Col lege, Drew chose to study med i cine rather than play sports.

In 1928 Drew was ac cepted into med i cal school at McGill Uni ver sity in Can ada (one
of the few uni ver sity med i cal schools to ac cept blacks in 1928). There Drew stud ied un der
Dr. John Beat tie, a vis it ing pro fes sor from Eng land. In 1930 Beat tie and Drew be gan a
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study of ways to ex tend safe blood stor age time from the ex ist ing lim its of be tween two and
six days. This short shelf life dras ti cally lim ited available blood supplies.

Drew grad u ated in 1935 and left the uni ver sity with lit tle prog ress hav ing been made.
In 1938, he took a re search po si tion at Co lum bia Uni ver sity in New York City and con tin -
ued his blood re search. There, he de vel oped a cen tri fuge tech nique that al lowed him to sep -
a rate red blood cells from the rest of blood. This “rest” he called blood plasma.

He quickly de ter mined that red blood cells con tain the unique sub stances that di vide
blood into the eight blood types. Blood plasma, how ever, was uni ver sal. No match ing was
nec es sary. Blood plasma from any do nor was com pat i ble with any re cip i ent. This made
plasma es pe cially at trac tive for blood supplies.

Drew tested plasma and showed that it lasted far lon ger than whole blood. Next, he
showed that red blood cells, sep a rated from plasma, also could be stored lon ger than whole
blood.

In 1939 Drew dis cov ered that plasma could be de hy drated, shipped long dis tances,
and then safely rehydrated (re con sti tuted) by add ing wa ter just be fore sur gery. Sud denly
blood do nors could be thou sands of miles from recipients.

In 1940 Drew pub lished his doctorial dis ser ta tion. In it he pre sented his sta tis ti cal and
med i cal ev i dence that plasma lasted lon ger than whole blood and de tailed the pro cess of
sep a rat ing blood into red blood cells and plasma and the pro cess for de hy drat ing plasma. It
served as a blue print for man ag ing the na tional blood sup ply. In 1941 Drew cre ated the first
“blood mo biles”—trucks equipped with re frig er a tors—and started the first blood drive (col -
lected for British airmen and soldiers).

Drew had dis cov ered plasma and how to safely store blood for long trans port, and had
cre ated a prac ti cal sys tem of blood banks and blood mo biles to col lect, pro cess, store, and
ship blood wher ever it was needed. Fi nally, blood trans fu sions were both safe and practical.

Fun Facts: Is all blood red? No. Crabs have blue blood. Their blood con -
tains cop per in stead of iron. Earth worms and leeches have green blood;
the green co mes from an iron sub stance called chlorocruorin. Many in -
ver te brates, such as star fish, have clear or yel low ish blood.
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Semi con duc tor Tran sis tor
Semi con duc tor Tran sis tor
SEMICONDUCTOR TRANSISTOR

Year of Dis cov ery: 1947

What Is It? Semi con duc tor ma te rial can be turned, mo men tarily, into a su per -
con duc tor.

Who Dis cov ered It? John Bardeen

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

John Bardeen won his first No bel Prize for dis cov er ing the tran sis tor ef fect of semi -
con duc tor ma te ri als. Most ma te ri als ei ther con duct elec tric flow (con duc tors) or block that
flow (in su la tors). But a few ma te ri als some times per mit ted some elec tric flow (semi con duc -
tors). Though they had been iden ti fied by the late 1800s, no one knew the value of semi con -
duc tors un til Bardeen discovered the transistor effect.

The tran sis tor has been the back bone of ev ery com put ing, cal cu lat ing, com mu ni cat -
ing, and logic elec tron ics chip and cir cuit built in the last 50 years. The tran sis tor rev o lu -
tion ized the worlds of elec tron ics and made most of the mod ern pieces of es sen tial
elec tronic and com put ing hard ware pos si ble. There is no area of life or sci ence that has not
been deeply affected by this one discovery

How Was It Dis cov ered?
How Was It Dis cov ered?

John Bardeen was a true child prod igy, skip ping fourth, fifth, and sixth grades and re -
ceiv ing a mas ter’s de gree in phys ics at 21. With a Ph.D. from Har vard, he taught phys ics at
the Uni ver sity of Min ne sota un til, in 1945, he was hired by Bell Lab o ra to ries, a high-tech
com mu ni ca tions and elec tron ics research plant.

In the fall of 1947 Bardeen joined forces with Wil liam Shockley and Wal ter Brattain,
who were al ready study ing the pos si ble use of semi con duc tor ma te ri als in elec tron ics.
Shockley shared the “in dus trial dream” of free ing elec tron ics from the bulki ness, fra gil ity,
heat pro duc tion, and high power con sump tion of the vac uum tube. To al low semi con duc -
tors to re place tubes, Shockley had to make semi con duc tor ma te rial both am plify and rec -
tify elec tric sig nals. All of his attempts had failed.

Bardeen first stud ied and con firmed that Shockley’s math e mat ics were cor rect and that
his ap proach was con sis tent with ac cepted the ory. Shockley’s ex per i ments should work. But
the re sults they found us ing ger ma nium, a com mon semi con duc tor, didn’t match the the ory.

Bardeen guessed that un spec i fied sur face in ter fer ence on the ger ma nium must be
block ing the elec tric cur rent. The three men set about test ing the re sponses of semi con duc -
tor sur faces to light, heat, cold, liq uids, and the de posit of me tal lic films. On wide lab
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benches they tried to force elec tric cur rent into the ger ma nium through liq uid met als and
then through sol dered wire con tact points. Most of No vem ber and much of De cem ber 1947
were consumed with these tests.

They found that the con tact points worked—sort of. A strong cur rent could be forced
through the ger ma nium to a metal base on the other side. But rather than am pli fy ing a sig nal 
(mak ing it stron ger), it ac tu ally con sumed en ergy (made it weaker).

Then Bardeen no ticed some thing odd and un ex pected. He ac ci den tally misconnected
his elec tri cal leads, send ing a mi cro-cur rent to the ger ma nium con tact point. When a very
weak cur rent was trick led through from wire sol der point to base, it cre ated a “hole” in the
ger ma nium’s re sis tance to cur rent flow. A weak cur rent con verted the semi con duc tor into a
superconductor.

Bardeen had to re peat edly dem on strate the phe nom e non to con vince both him self and
his team mates that his amaz ing re sults were n’t fluke oc cur rences. Time af ter time the re -
sults were the same with any semi con duc tor ma te rial they tried: high cur rent, high re sis -
tance; low cur rent, vir tu ally no resistance.

Bardeen named the phe nom e non “trans fer re sis tors,” or tran sis tors. It pro vided en gi -
neers with a way to both rec tify a weak sig nal and boost it to many times its orig i nal
strength. Tran sis tors re quired only 1/50 the space of a vac uum tube and 1/1,000,000 the
power and could out per form vac uum tubes. For this dis cov ery, the three men shared the
1956 No bel Prize for Physics.

Fun Facts: The first tran sis tor ra dio, the Re gency TR-1, hit the mar ket
on Oc to ber 18, 1954. It cost $49.95 (the equiv a lent of $361 in 2005 dol -
lars!). It was n’t un til the late 1960s that tran sis tor ra dios be came cheap
enough for ev ery one to af ford one.
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The Big Bang
The Big Bang
THE BIG BANG

Year of Dis cov ery: 1948

What Is It? The uni verse be gan with the gi ant ex plo sion of an in fi nitely dense, 
atom-sized point of mat ter.

Who Dis cov ered It? George Gamow

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

The study of our his tory and or i gins is crit i cal to un der stand ing who we are. That in -
cludes the his tory of hu mans, of life on our planet, of our planet it self, and of the uni verse as a
whole. But how can any one study a his tory that came and went un seen bil lions of years ago?

Gamow’s work rep re sents the first se ri ous at tempt to cre ate a sci en tific, ra tio nal de -
scrip tion of the be gin ning of our uni verse. It was Gamow who named that mo ment of ex plo -
sive birth the “Big Bang,” a name still used to day. Gamow was able to math e mat i cally
re-cre ate the con di tions of the uni verse bil lions of years ago and to de scribe how those ini -
tial con di tions led to the pres ent uni verse we can see and mea sure. His dis cov er ies be gan
scientific study of the ancient past.

How Was It Dis cov ered?
How Was It Dis cov ered?

In 1926 Edwin Hub ble dis cov ered that the uni verse is ex pand ing—grow ing larger.
That dis cov ery made sci en tists won der what the uni verse looked like in the past. Has it al -
ways been ex pand ing? How small did it used to be? Was there some mo ment when the uni -
verse be gan? What did it look like way back then?

Some be gan to spec u late about when and how the uni verse be gan. In 1927 Geor ges
Lemaitre pro posed that Hub ble’s dis cov ery meant that at some dis tant point in the past, the
en tire uni verse had been com pressed into a sin gle in fi nitely dense atom of mat ter. He called
it the “cos mic egg.” By 1930 a few sci en tists had at tempted to de scribe this “cos mic egg”
and how it ex ploded to cre ate our uni verse’s ongoing expansion.

George Gamow was born in 1904 in Odessa, Ukraine. As a young as tron omy stu dent,
Gamow was known as much for his prac ti cal jokes and late-night par ties as for his sci ence.
Still, by 1934 he had im mi grated to Amer ica and se cured a pro fes sor ship of the o ret i cal
phys ics at George Wash ing ton Uni ver sity in Wash ing ton, DC. It was there that Gamow first 
heard of the cos mic egg con cept. The prob lem with this the ory was that there was no sci -
ence, no data, no nu mer i cal studies to back it up.
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Gamow de cided to use avail able phys ics, math e mat ics, and quan tum the ory tools to
prove whether the uni verse be gan as a sin gle im mea sur ably dense atom called the cos mic
egg. He started with Ein stein’s equa tions on gen eral relativity.

In the 1940s Gamow added his own ear lier work, which showed that the sun’s nu clear
fur nace was driven by the con ver sion of hy dro gen nu clei into he lium. He used the math e -
mat ics of this model to de ter mine what would hap pen to var i ous at oms in a pri mor dial fire -
ball. He used re search from the de vel op ment of the atomic bomb and test data on
high-en ergy ra di a tion of var i ous nu clei to de scribe what hap pened in side a fire of almost
infinite temperature.

From these sources, he slowly built a model of the cos mic egg’s ex plo sion and of the
chem i cal re ac tions that hap pened in the sec onds there af ter. He called that ex plo sion the
“Big Bang” and math e mat i cally showed how, at that mo ment, the uni verse had been com -
posed pri mar ily of densely packed neu trons. This al lowed him to use avail able stud ies
show ing how neu trons, un der ex treme heat and pres sure, com bine into larger nu clei and
also sep a rate into pro tons and elec trons, form ing hydrogen and helium as they do.

Gamow was able to math e mat i cally trace this cos mic ex plo sion for ward in time. This
de scrip tion in cluded a de tailed, sec ond-by-sec ond pic ture of the fire ball ex plo sion and
showed, ac cord ing to known phys ics and chem is try laws, how that ex plo sion re sulted in the 
com po si tion and dis tri bu tion of mat ter that makes up the present universe.

Gamow also showed that the Big Bang would have cre ated a vast surge of en ergy that
spread and cooled as the uni verse ex panded. But this en ergy would still be “out there” and
could be de tected as a faint “af ter glow” or echo of that great ex plo sion. This echo would
show up as a band of noise at 5°K.

This cos mic back ground ra di a tion was fi nally de tected in the late 1990s by ad vanced
ra dio as tron o mers, which con firmed Gamow’s Big Bang the ory. Us ing phys ics, chem is try,
and math, Gamow had dis cov ered the birth of the uni verse, 15 billion years ago.

Fun Facts: Gamow was an im pos ing fig ure at six feet, three inches and
over 225 pounds but was known for his imp ish prac ti cal jokes. He was
once de scribed as “the only sci en tist in Amer ica with a real sense of hu -
mor” by a United Press In ter na tional re porter.
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Def i ni tion of In for ma tion
DEFINITION OF INFORMATION
DEFINITION OF INFORMATION

Year of Dis cov ery: 1948

What Is It? In for ma tion can both fol low all math e mat i cal and phys i cal laws
cre ated to de scribe mat ter and act like phys i cal mat ter.

Who Dis cov ered It? Claude Shan non

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Ev ery time you surf the Net, down load an ar ti cle, print from your com puter screen, use 
a cell phone, rent a DVD, or lis ten to a CD, you do so be cause of Claude Shan non’s dis cov -
ery. The whole dig i tal rev o lu tion started with Claude Shan non’s dis cov ery that in for ma tion
can be turned into dig i tal bits (sin gle blocks) of in for ma tion and treated like any physical
flow of matter.

Shan non made in for ma tion phys i cal. His dis cov ery al lowed phys i cists and en gi neers
to switch from an a log to dig i tal tech nol o gies and opened the door to the In for ma tion Age.
His 1948 ar ti cle de scrib ing the dig i tal na ture of in for ma tion has been called the Magna
Carta of the Information Age.

How Was It Dis cov ered?
How Was It Dis cov ered?

Claude Shan non was born in ru ral Mich i gan in 1916 and grew up with a knack for
elec tron ics—turn ing long fences of barbed wire into his pri vate tele phone sys tem, and earn -
ing money re build ing ra dios. He stud ied for his doc tor ate in math e mat ics at the Mas sa chu -
setts In sti tute of Tech nol ogy (MIT). His pro fes sors de scribed him as bril liant, but not
ter ri bly se ri ous as a stu dent, spend ing his time de sign ing rocket-pow ered Frisbees and
juggling machines.

How ever, his 1938 mas ter’s the sis (writ ten as part of his stud ies) star tled the world of
phys ics. In it Shan non de scribed the per fect match be tween elec tronic switch ing cir cuits
and the math e mat ics of nine teenth-cen tury Brit ish ge nius George Boole. Shan non showed
that a sim ple elec tronic cir cuit could carry out all of the op er a tions of Boolean sym bolic
logic. This was the first time any one had showed that more than sim ple math e mat ics could
be em bod ied in elec tronic cir cuits. This stu dent the sis opened the door to dig i tal com put ers,
which followed a decade later.

Af ter grad u a tion Shan non was hired by Bell Tele phone Lab o ra to ries in New Jer sey.
En gi neers there faced a prob lem: how to stuff more “in for ma tion” into a noisy wire or mi -
cro wave chan nel. They gave the job to Claude Shan non, even though he was best known for 
rid ing a uni cy cle through the lab hallways.
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Shan non by passed oth ers’ at tempts to work with spe cific kinds of in for ma tion—text,
num bers, im ages, sounds, etc. He also de cided not to work on any sin gle way of trans mit -
ting in for ma tion—along a wire, sound waves through the air, ra dio waves, mi cro waves, etc. 
In stead, Shan non de cided to fo cus on a ques tion so ba sic, no one had thought to study it:
What is in for ma tion? What hap pened when in for ma tion trav eled from sender to receiver?

Shan non’s an swer was that in for ma tion con sumed en ergy and, upon de liv ery, re duced
un cer tainty. In its sim plest form (an atom or a quan tum of en ergy), in for ma tion an swered a
sim ple yes/no ques tion. That an swer re duced (or elim i nated) un cer tainty. Flip a coin. Will it 
be heads or tails? You don’t know. You are un cer tain. When it lands, you get in for ma tion:
yes or no. It was heads or it was n’t. Un cer tainty is gone. That’s information.

Shan non re al ized that he could con vert all in for ma tion into a long string of in di vid ual
sim ple yes/no bits of in for ma tion and that elec tri cal cir cuits were ideal for pro cess ing and
trans mit ting this kind of dig i tal in for ma tion. In this way, he con verted in for ma tion—in any
form—into a string of dig i tal yeses and nos: ones and zeros.

Shan non was then able to ap ply the laws of phys ics to in for ma tion streams. He showed 
that there was a limit to the amount of in for ma tion that could be pushed through any com -
mu ni ca tions chan nel—just as there was a limit to the amount of wa ter that can be pushed
through a hose no mat ter how great the pres sure. He also de rived a math e mat i cal equa tion to 
de scribe the re la tion ship be tween the range of fre quen cies avail able to carry in for ma tion
and the amount of in for ma tion that can be car ried. This became what we call “bandwidth.”

Shan non’s dis cov ery made in for ma tion as phys i cal and easy to work with as wa ter
flow ing through a pipe or air pumped through a tur bine. In this way, Shan non dis cov ered
what in for ma tion is and opened the door to our mod ern digital age.

Fun Facts: There are 6,000 new com puter vi ruses re leased ev ery month.
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Jumpin’ Genes
JUMPIN’  GENES
JUMPIN’  GENES

Year of Dis cov ery: 1950

What Is It? Genes are not per ma nently fixed on chro mo somes, but can jump
from po si tion to po si tion.

Who Dis cov ered It? Barbara McClintock

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Ev ery re searcher in the world ac cepted that genes were strung along chro mo somes in
fixed po si tions like pearls on a neck lace. Work ing alone in a small, wind swept corn field at
Cold Springs Har bor, Long Is land, Barbara McClintock proved ev ery other ge netic sci en -
tist in the world wrong.

Care fully study ing wild corn, Barbara McClintock found that genes not only can
jump, but reg u larly do jump from one po si tion to an other on a chro mo some. She found that
a few con trol ling genes di rect these jump ing mes sen ger genes to shift po si tion and turn on,
or turn off, the genes next to them in their new location.

Barbara McClintock’s work be came the build ing block for a dozen ma jor med i cal and
dis ease-fight ing break throughs. The 1983 No bel Prize Com mit tee called Barbara
McClintock’s pi o neer ing work “one of the two great dis cov er ies of our time in genetics.”

How Was It Dis cov ered?
How Was It Dis cov ered?

With a Ph.D. in ge net ics, Barbara McClintock lived in a trim two-room apart ment over the 
bright-green-painted ga rage of the Car ne gie In sti tute’s Cold Spring Har bor Re search Fa cil ity.

A small, slight woman, Barbara stood barely five feet tall and weighed less than 90
pounds. Her face and hands were worn and wrin kled from long ex po sure to wind and sun.

Cold Spring Har bor is an iso lated spot on north east ern Long Is land char ac ter ized by
wind, roll ing sand dunes, and wav ing shore grass. Stoop ing in a small half-acre corn field
tucked be tween the fa cil ity’s clus ter of build ings and the choppy wa ters of the Long Is land
Sound, Barbara planted corn seeds by hand one-by-one in care fully laid out rows.

The year 1950 was Barbara’s sixth year of plant ing, grow ing, and study ing the genes
of these corn plants as they passed from gen er a tion to gen er a tion. She of ten felt more like a
farmer than a ge net ics re searcher.

How Barbara spent her days de pended on the sea son. In sum mer, most of her time was
spent in the corn field, nur tur ing the plants that would pro duce her data for the year, weed -
ing, check ing for pests and dis ease that could ruin her ex per i ments. In the fall she har vested
each ear by hand, care fully la beled it, and be gan her lab anal y sis of each gene’s lo ca tion and 
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struc ture on the chro mo somes of each ear. Her lab con sisted of one pow er ful mi cro scope,
chem i cal lab trays, and stacks of jour nals to re cord her find ings. This work con sumed the
long hours of winter.

In the spring she split her time be tween nu mer i cal anal y sis of the pre vi ous year’s data
and field plan ning and prep a ra tion for the next gen er a tion of corn plants.

She care fully tracked color mu ta tions, pat terns, and changes year af ter year and dis -
cov ered that genes are not fixed along chro mo somes as ev ery one thought. Genes could
move. They did move. Some genes seemed able to di rect other genes, tell ing them where to
go and when to act. These ge netic di rec tors con trolled the move ment and ac tion of other
genes that jumped po si tions on com mand and then turned on—or turned off—the genes
next to them in their new location.

It sounded like sci en tific her esy. It con tra dicted ev ery ge net ics text book, ev ery ge net -
ics re search pa per, and the best minds and most ad vanced re search equip ment on Earth. At
the end of the 1950 har vest sea son Barbara de bated about re leas ing her re sults and fi nally
de cided to wait for one more year’s data.

McClintock pre sented her re search at the 1951 na tional sym po sium on ge netic re search.
Her room had seats for 200. Thirty at tended. A few more strag gled in dur ing her talk.

She was not asked a sin gle ques tion. Those few left in the room when she fin ished sim -
ply stood up and left.

As so of ten hap pens with rad i cally new ideas, Barbara McClintock was sim ply dis -
missed by the au di ence with a bored and in dif fer ent shrug. She was ig nored. They could n’t
un der stand the im pli ca tions of what she said.

Feel ing both help less and frus trated, Barbara re turned to har vest her corn field and start 
her anal y sis of the sev enth year’s crop.

It took an other 25 years for the sci en tific com mu nity to un der stand the im por tance of
her dis cov ery.

Fun Facts: Barbara McClintock be came the first woman to re ceive an
un shared No bel Prize in Phys i ol ogy or Med i cine. When she died in 1992, 
one of her obit u ar ies sug gested that she might well be ranked as the great -
est fig ure in bi ol ogy in the twen ti eth cen tury.
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Fu sion
FUSION
FUSION

Year of Dis cov ery: 1951

What Is It? The op po site of fis sion, fu sion fuses two atomic nu clei into one,
larger atom, re leas ing tre men dous amounts of en ergy.

Who Dis cov ered It? Lyman Spitzer

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Fu sion en ergy is the power of the sun. It is a vir tu ally un lim ited power source that can
be cre ated from hy dro gen and lith ium—com mon el e ments in the earth’s crust. Fu sion is
clean, en vi ron men tally friendly, and nonpolluting. Fu sion was the o rized in the late 1910s
and the 1920s. It was math e mat i cally de scribed in the 1930s. It was fi nally dis cov ered
(dem on strated in the lab) in 1951. Fu sion’s tech nol ogy was turned into the hy dro gen bomb
shortly thereafter.

But fu sion has not yet been con verted into its prom ised prac ti cal re al ity. It still works
only in the lab. If this dis cov ery can be con verted into a work ing re al ity, it will end en ergy
short ages for thou sands of years.

How Was It Dis cov ered?
How Was It Dis cov ered?

Sci en tists had al ways thought that the sun pro duced heat and light by ac tu ally burn ing
its own mat ter through nor mal com bus tion. In the nine teenth cen tury, a few sci en tists (most
no ta bly Brit ish Lord Kel vin) ar gued that the sun could cre ate heat from its own grav i ta -
tional col lapse—but that such a pro cess could only last for a few million years.

Ein stein’s fa mous 1905 equa tion (E = mc2) al lowed sci en tists to re al ize that even tiny
amounts of mat ter could be turned into tre men dous amounts of en ergy. In 1919 Amer i can
as tron o mer Henry Rus sell de scribed the phys ics and math e mat i cal pro cesses that would al -
low the sun to fuse hy dro gen at oms into he lium at oms and re lease vast amounts of en ergy in 
the pro cess. The pro cess was called fu sion. This the ory of how the sun works was con -
firmed in 1920 by as tron o mer Fran cis Aston’s mea sure ments.

The the ory of fu sion ex isted. But was fu sion some thing that could be prac ti cally de vel -
oped on Earth? In 1939 Ger man phys i cist Hans Bethe de scribed—in math e mat i cal de -
tail—the the ory of how to cre ate a fu sion re ac tion on Earth. But there was a prob lem.
Bethe’s equa tions said that hy dro gen at oms had to be raised to a tem per a ture of over 100
mil lion de grees C (180 mil lion°F) and had to be squeezed into a small space so that the pro -
tons in hy dro gen nu clei would col lide and fuse into he lium nu clei. There was no known ma -
te rial or force that could accomplish such a feat.
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Dr. Lyman Spitzer founded the Prince ton Uni ver sity Plasma Phys ics Lab in 1948. He
soon re al ized that the only way to con tain a fu sion re ac tion was with a high-en ergy mag -
netic field. He sur rounded a do nut-shaped tube that con tained hy dro gen gas with coils of
wire to cre ate a mag netic field that kept hy dro gen at oms trapped while la sers heated them
many millions of degrees.

But there was a prob lem. When he looped thou sands of loops of wire down through the 
mid dle of the do nut and up along the out side, it nat u rally packed the wires more densely on
the in side of the do nut than on the out side. That cre ated a stron ger mag netic field on the in -
side (cen ter) of the do nut-shaped tube than on the out side. Hy dro gen at oms were pushed to
the out side and flung at near light speed out of the tube. The fu sion gen er a tor didn’t work.

Then Spitzer dis cov ered a mar vel ous rem edy. He twisted the do nut con tain ing his hy -
dro gen gas into a fig ure eight. As hy dro gen sped through this loop ing tube, it spent part of
each lap near the in side of the fig ure eight and part near the out side and so was kept from be -
ing pulled out of the tube by vari a tions in the magnetic field

In 1951 Spitzer com pleted work on this first hy dro gen plasma fu sion gen er a tor. He
called it a stellarator—since it was like cre at ing a star—and fired it for the first time for
only a small frac tion of a sec ond, still not sure that super heated hy dro gen plasma would n’t
turn into a hy dro gen bomb.

For one glo ri ous half-sec ond the do nut-shaped mass of gas blazed su per nova bright,
like a blind ing sun burn ing at 70 mil lion de grees Fahr en heit. Un imag in ably bright and hot,
the gas be came a two-foot di am e ter, seeth ing, ex plo sively pow er ful pool of hy dro gen
plasma. Then it faded to dull pur ple, and, two sec onds af ter it first ig nited, turned back to
black.

For one flick er ing mo ment, Lyman Spitzer had cre ated a new star—al most. More im -
por tant, he had dis cov ered that fu sion was pos si ble on Earth.

Fun Facts: As an al ter na tive en ergy source, fu sion has many ad van -
tages, in clud ing world wide long-term avail abil ity of low-cost fuel, no
con tri bu tion to acid rain or green house gas emis sions, no pos si bil ity of a
run away chain re ac tion, by-prod ucts that are un us able for weap ons, and
min i mum prob lems of waste dis posal.
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Or i gins of Life
ORIGINS OF LIFE
ORIGINS OF LIFE

Year of Dis cov ery: 1952

What Is It? The first lab o ra tory re-cre ation of the pro cess of orig i nally cre at -
ing life on Earth.

Who Dis cov ered It? Stan ley Miller

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

One of the great est mys ter ies has long been: How did life first form on this planet?
The o ries abound. Bac te ria not nat u rally found on Earth have been found in me te or ites re -
cov ered in Antarctica. Pos si bly life here came from some other planet.

For over a hun dred years, the most pop u lar sci en tific the ory has been that DNA mol e -
cules (life) first evolved from amino ac ids that were some how spon ta ne ously cre ated in the
soupy chem i cal mix of the pri mor dial seas. It was just a the ory—al beit a pop u lar one—un til 
Stan ley Miller re-cre ated the con di tions of the early oceans in his lab and showed that
amino ac ids could, in deed, form from this chemical soup.

This was the first lab o ra tory ev i dence, the first sci en tific dis cov ery, to sup port the the -
ory that life on Earth evolved nat u rally from in or ganic com pounds in the oceans. It has been 
a cor ner stone of bi o log i cal sciences ever since.

How Was It Dis cov ered?
How Was It Dis cov ered?

By 1950 sci en tists had used a va ri ety of meth ods to de ter mine that the earth was 4.6
bil lion years old. How ever, the old est fos sil re cords of even tiny bac te rial cells were no
older than 3.5 bil lion years. That meant that Earth had spun through space for over a bil lion
years as a life less planet be fore life sud denly emerged and spread across the globe.

How, then, did life start? Most agreed that life had to have emerged from in or ganic
chem i cals. While this the ory made sense, no one was sure if it could re ally have hap pened.

Through the late 1940s Har old Urey, a chem ist at the Uni ver sity of Chi cago, teamed
with as tron o mers and cos mol o gists to try to de ter mine what Earth’s early en vi ron ment
looked like. They de ter mined that Earth’s early at mo sphere would chem i cally re sem ble the
rest of the uni verse—90 per cent hy dro gen, 9 per cent he lium, with the fi nal 1 per cent made
up of ox y gen, car bon, ni tro gen, neon, sul fur, sil i con, iron, and ar gon. Of these he lium, ar -
gon, and neon don’t re act with other elements to form compounds.

Through ex per i ments, Urey de ter mined that the re main ing el e ments, in their likely
com po si tion in Earth’s early at mo sphere, would have com bined to form wa ter, meth ane,
am mo nia, and hydrogen sulfide.
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En ter Stan ley Miller. In 1952 this 32-year-old chem ist de cided to test the pre vail ing
the ory and see if life could be pro duced from Urey’s mix of chem i cal com pounds. Miller
care fully ster il ized long sec tions of glass tub ing, flasks, and beak ers. He built what
looked like a sprawl ing erec tor set of sup port poles in his lab and clamped flasks, beak ers,
and con nect ing glass tubes to this struc ture. He filled one large beaker with ster il ized wa -
ter. He filled other flasks with the three gas ses Urey had iden ti fied as part of Earth’s early
at mo sphere—meth ane, am mo nia, and hy dro gen sul fide.

Miller slowly boiled the beaker of wa ter so that wa ter va por would rise into his en -
closed “at mo sphere” of a lab y rinth of glass tubes and beak ers. There it mixed with the three
other gas ses in swirl ing clouds in a beaker la beled “at mo sphere.”

Miller re al ized he needed an en ergy source to start his life-cre at ing chem i cal re ac tion.
Since other sci en tists had de ter mined that the early at mo sphere con tained al most con tin ual
roll ing thun der and light ning storms, Miller de cided to cre ate ar ti fi cial light ning in his at -
mo sphere. He hooked a bat tery to two elec trodes and zapped light ning bolts across the “at -
mo sphere” cham ber. A glass pipe led from this cham ber and past a cool ing coil. Here wa ter
va por recondensed and dripped into a col lec tion beaker that was connected to the original
water beaker.

Af ter one week of con tin ual op er a tion of his closed-cy cle at mo sphere, Miller an a lyzed 
the res i due of com pounds that had set tled in the col lec tion beaker of his sys tem. He found
that 15 per cent of the car bon in his sys tem had now formed into or ganic com pounds. Two
per cent had formed ac tual amino ac ids (the build ing blocks of pro teins and of DNA). In just
one short week, Miller had cre ated the build ing blocks of or ganic life! Vir tu ally all sci en -
tists were amazed at how easy it was for Miller to cre ate amino acids—the building blocks
of life.

In 1953 the struc ture of the DNA mol e cule was fi nally dis cov ered. Its struc ture fit well
with how Miller’s amino acid mol e cules would most likely com bine to cre ate lon ger chains
of life. This was an other bit of ev i dence to sup port the idea that Stan ley Miller had dis cov -
ered of how life on Earth began.

Fun Facts: There are 20 types of amino ac ids. Eight are “es sen tial amino
ac ids” that the hu man body can not make and must there fore ob tain from
food.
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DNA
DNA
DNA

Year of Dis cov ery: 1953

What Is It? The mo lec u lar struc ture of, and shape of, the mol e cule that car ries
the ge netic in for ma tion for ev ery liv ing or gan ism.

Who Dis cov ered It? Fran cis Crick and James Wat son

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Brit ish bio chem ist Fran cis Crick, and his Amer i can part ner, James Wat son, cre ated the 
first ac cu rate model of the mo lec u lar struc ture of de oxy ri bo nu cleic acid, or DNA, the mas -
ter code to the build ing and op er a tion of all liv ing or gan isms. That dis cov ery has been
called by many “the most sig nif i cant discovery of the century.”

This dis cov ery of the de tails of the DNA mol e cule’s struc ture al lowed med i cal sci en -
tists to un der stand, and to de velop cures for, many deadly dis eases. Mil lions of lives have
been saved. Now DNA ev i dence is com monly used in court. This dis cov ery has also led to
the un rav el ing of the hu man ge nome and prom ises to lead to cures for a wide va ri ety of
other se ri ous aliments and birth defects.

Crick’s dis cov er ies re lat ing to DNA struc ture and func tion re shaped the study of ge -
net ics, vir tu ally cre ated the field of mo lec u lar bi ol ogy, and gave new di rec tion to a host of
en deav ors in var i ous fields of medicine.

How Was It Dis cov ered?
How Was It Dis cov ered?

The room looked like a tin ker toy party gone ber serk, like the play room of over ac tive
sec ond-grade boys. Com plex mo biles of wire, col ored beads, strips of sheet metal, card -
board cut outs, wooden dow els, and wooden balls dan gled from the ceil ing like a for est of
psy che delic sta lac tites. Con struc tion sup plies, scis sors, and tin snips were strewn about the
desks and floor, as were pages of com plex equa tions, stacks of sci en tific pa pers, and pho to -
graphic sheets of fuzzy X-ray crystallography images.

The room was re ally the sec ond-floor of fice shared by grad u ate stu dents Fran cis Crick
and James Wat son in a 300-year-old build ing on the cam pus of Cam bridge Uni ver sity. The
year was 1953. The mo biles were not the idle toys of stu dents with too much free time.
Rather, they were a fran tic ef fort to win the world wide race to un ravel the very core of life
and de ci pher the shape of the DNA molecule.

By 1950 bio chem ists had al ready de duced that DNA in a cell’s nu cleus car ried ge netic
in for ma tion. The key mys tery was how the huge DNA mol e cule re pro duces it self to phys i -
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cally pass this in for ma tion to a new cell, a new or gan ism, and a new gen er a tion. To an swer
that ques tion, some one had to first fig ure out what this gi ant DNA molecule looked like.

At Cam bridge, Crick teamed with Amer i can bi ol o gist James Wat son. The two agreed
to pool their ef forts to con struct a model of the DNA mol e cule while they pur sued their sep -
a rate stud ies and the sis research.

By 1951 bits and pieces of in for ma tion about the DNA mol e cule were emerg ing from
across the globe. Erwin Chargaff dis cov ered that a def i nite ra tio of nu cle o tide se quences
could be de tected in the DNA bases, sug gest ing a paired re la tion ship. Oswald Avery con -
ducted ex per i ments on bac te ria DNA show ing that DNA car ried ge netic in for ma tion. Linus 
Pauling con cep tu al ized the al pha he lix con fig u ra tion for certain chains of proteins.

Crick and Wat son at tempted to com bine these sep a rate clues into a sin gle phys i cal
struc ture. Us ing bits of wire, col ored beads, sheet metal, and card board cut outs, Crick and
Wat son hung pos si ble spi ral mod els across their shared of fice. They cor rectly sur mised that 
a link ing chain of sugar and phos phate formed the back bone of the DNA spi ral. They cor -
rectly linked base pairs of pep tides. Still the model did not fit with available atomic data.

Also at Cam bridge, but in de pend ent of Crick and Wat son’s ef forts, Ros a lind Frank lin
used X-ray crys tal log ra phy to cre ate two-di men sional im ages of the DNA mol e cule. In
mid-Jan u ary 1953, Ros a lind had re de signed the X-ray cam eras she used. X-ray film from
these cam eras showed the now-fa mous “X” shape that sug gested a he lix shape for the DNA
molecule.

Tipped off that Frank lin had new in for ma tion, Crick stole one of Ros a lind’s X-shaped
X-rays. This sto len in sight fi nally put Crick and Wat son ahead in the race to solve the struc -
ture of DNA. By mid-Feb ru ary they had con structed the first com plete phys i cal model of a
DNA mol e cule, us ing the now-fa mil iar dou ble he lix shape, like two in ter twined spiral
chains.

Fun Facts: If you straight ened each strand of DNA from each cell in
your body and lined them end-to-end, you’d have about nine mil lion ki -
lo me ters of DNA. That’s enough to reach to the moon and back 13 times!
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Seafloor Spread ing
Seafloor Spread ing
SEAFLOOR SPREADING

Year of Dis cov ery: 1957

What Is It? The ocean floors slowly move, spread ing from cen tral rifts, and
carry the con ti nents on their backs as they do.

Who Dis cov ered It? Harry Hess

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

We now know that Earth’s con ti nents move. Over hun dreds of mil lions of years, they
drift across Earth’s sur face. You have likely seen pic tures of what Earth looked like 500
mil lion years ago. But just 60 years ago, no one be lieved that it was pos si ble for mas sive
con ti nents to move. There was no force great enough to move vast con ti nents weigh ing tril -
lions of tons.

Then Harry Hess dis cov ered the the ory of ocean-floor spread ing. That dis cov ery sud -
denly not only made con ti nen tal move ment plau si ble, but made drift ing con ti nents a fact.
Hess’s dis cov ery was the key ev i dence that con firmed early the o ries on con ti nen tal drift by
Wegener. Hess’s work launched the study of plate tec ton ics and cre ated new un der stand ing
of the his tory and me chan ics of Earth’s crust and started the se ri ous study of the past motion 
of Earth’s continents.

How Was It Dis cov ered?
How Was It Dis cov ered?

Stand ing on the bridge of a mam moth deep-ocean drill ing ship in the mid-At lan tic in
1957, Navy Com mander Harry Hess watched as a crane op er a tor ma neu vered the drill ing
pipe sec tions from atop the drill ing der rick mounted high above the deck. This was the first
time a ship had been able to drill and col lect core sam ples from the ocean floor 13,000 feet
be low. Hess had de signed and man aged the op er a tion. He should have been pleased and
proud. But test af ter test showed the ocean bot tom be low them was less than 50 mil lion
years old—dis prov ing ev ery the ory about the ocean floor that Harry Hess had created and
promoted.

A ge ol ogy pro fes sor be fore he joined the navy, Hess had been given com mand of the
trans port U.S.S. Cape John son op er at ing in the Pa cific in 1945. Us ing Navy so nar sys tems,
Hess made the first sys tem atic echo-sound ing sur veys of the Pa cific Ocean floor over a
two-year pe riod as he steamed back and forth on navy as sign ments. He dis cov ered over 100
sub merged, flat-topped seamounts 3,000 to 6,000 feet un der wa ter be tween the Ha wai ian
and Mariana is lands. Hess de scribed these seamounts as “drowned an cient is lands” and
named them guyots (to honor Ar nold Guyot, a geology professor at Princeton).
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Hess the o rized that guyots had orig i nally been is lands dat ing back to 800 mil lion years 
ago, a pe riod be fore coral ex isted. His ar gu ment rested, in part, on his hy poth e sis that con -
tin ual de pos its of sed i ment on the seafloor had made the sea level rise.

When, in 1956, fos sils only 100 mil lion years old were found in guyots, Hess changed
his the ory to say that guyots had orig i nally been vol ca noes that had eroded to flat tops by
wave ac tion. He aban doned this the ory when ero sion rate cal cu la tions showed that the
guyots could n’t have eroded enough to reach their cur rent depth.

Then his 1957 oce anic core sam ples showed that the At lan tic Ocean floor was much
youn ger than the con ti nents and that oce anic sed i men ta tion rates were slower than pre vi -
ously thought. Hess—again—had to search for a new theory.

Luck ily, his 1957 sur vey al lowed him to col lect core sam ples from more than 20 sites
across the At lan tic. These tests showed that the age of the ocean bot tom grew pro gres sively
older as it moved away from the mid-oce anic ridge and to ward ei ther continent.

The seafloor was n’t fixed and mo tion less as ev ery one had thought. It had to be spread -
ing, mov ing as if on a gi ant con veyor belt, inch ing year by year away from the mid-oce anic
ridge. Hess ar gued that magma rose from the earth’s man tle up through oce anic rifts and
spread out lat er ally across the ocean floor. As the magma cooled, it formed new oce anic
crust. He es ti mated the oce anic crust to be spread ing apart along the mid-oce anic ridge by
one to two inches a year.

Hess’s dis cov ery be came known as seafloor spread ing and was the foun da tion of the
plate tec ton ics rev o lu tion in the late 1960s and early 1970s.

Fun Facts: The Pa cific Ocean is slowly shrink ing as the Amer i cas slide
west. Two hun dred mil lion years ago, the At lan tic Ocean didn’t ex ist.
South Amer ica and Af rica were joined, as were North Amer ica and Eu -
rope. The At lan tic is still spread ing and grow ing. So is the Red Sea. In
150 mil lion years, that cur rently skinny sea will be as wide as the At lan tic 
is now.
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The Na ture of the At mo sphere
THE NATURE OF THE ATMOSPHERE

Year of Dis cov ery: 1960

What Is It? The at mo sphere is cha otic and un pre dict able.

Who Dis cov ered It? Ed Lorenz

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Ed Lorenz un cov ered a non lin ear, com plex, in ter de pen dent sys tem of equa tions that
de scribe the real move ment of the at mo sphere. He showed that at mo spheric mod els are so
de pend ent on ini tial and bound ary con di tions (start ing data sup plied to the model) that even
seem ingly in fin i tes i mal changes in them cre ate ma jor changes in the sys tem. In other
words, when a but ter fly flaps its wings over Beijing, the mod els might well pre dict that it
will change the weather in New York. But ev ery one admitted that just couldn’t happen.

Lorenz dis cov ered not how to make long-range pre dic tions, but rather the forces that
make such pre dic tions im pos si ble. He then de vel oped chaos the ory—the study of cha otic
and un pre dict able sys tems. Sci en tists are dis cov er ing that many nat u ral, bi o log i cal, and en -
vi ron men tal sys tems are best de scribed and better un der stood un der chaos the ory than
through traditional forms of analysis.

How Was It Dis cov ered?
How Was It Dis cov ered?

Hav ing a com puter was enough of a nov elty in 1958 to en tice many MIT fac ulty and
stu dents to make the trip to Ed Lorenz’s of fice just to watch the thing work. But ex cite ment
quickly turned to de spair for Lorenz.

Lorenz cre ated a set of equa tions to act as a math e mat i cal model of at mo spheric storm
move ment and be hav ior. He no ticed that tiny changes in the start ing con di tions of the
model soon pro duced enor mous changes in the out come. Tiny start ing dif fer ences al ways
am pli fied over time, rather than damp ing, or normalizing out.

If the ac tual at mo sphere acted like Lorenz’s mod els, he had just proved that long-range 
weather fore cast ing was im pos si ble since start ing con di tions were never known with
enough pre ci sion to pre vent cha otic, am pli fied er ror. It was an un set tling and sink ing feel -
ing to trade the ex cite ment of find ing a new re search tool for the de spair of prov ing that your 
field and work were both in her ently flawed and impossible.
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When Ed en tered Dartmouth Col lege in 1934, he had long ago made up his mind to be
a math e ma ti cian. He grad u ated with a bach e lor’s de gree in math e mat ics in 1938 and en -
tered Har vard to con tinue his study of math. With the out break of World War II, Lorenz
joined the Army Air Corps, who as signed him to at tend army me te o rol ogy classes at MIT.

He learned to re gard the weather as a com bi na tion of den sity, pres sure, tem per a ture,
three-di men sional wind ve loc i ties, and the at mo sphere’s gas eous, liq uid, and solid con tent.
The equa tions that de scribe this host of vari ables de fine the cur rent weather con di tions. The
rates of change in these equa tions de fine the changing weather pattern.

What Lorenz was not taught, and only much later dis cov ered, was that no one knew
how to use these non lin ear dy namic me te o rol ogy equa tions to ac tu ally pre dict weather and
that most thought it could not be done. The equa tions were too com plex and re quired too
much ini tial and boundary data.

Lorenz tried to ap ply the dy namic equa tions to pre dict the mo tion of storms. As com -
put ers were not com monly avail able in the early 1950s, most of this work was car ried out
on black boards and with slide rules and pa per and pen cil. Each cal cu la tion was te diously
time-con sum ing. Lorenz was never able to reach any mean ing ful re sults while hand-
cal cu lat ing these equa tions.

In 1958 Lorenz ob tained that Royal-McBee LGP-30 com puter (about the size of a
large desk) to de velop his sets of dy namic, non lin ear model equa tions. The re sults of those
com puter sim u la tions showed that tiny ini tial dif fer ences am pli fied over time, rather than
grad u ally nor mal iz ing out. If the model was right, weather was cha otic and in her ently
unpredictable.

Sev eral years of at mo spheric test ing con vinced Lorenz and oth ers in his de part ment
that he and his model were cor rect. The at mo sphere was a cha otic rather than a pre dict able
sys tem (such as the sys tem of in ter ac tions be tween in or ganic chem i cals, or the phys i cal pull 
of grav ity). A drive to use a new tool to com plete an old pro ject had turned into one of the
most pro found dis cov er ies for the science of meteorology.

Lorenz will al ways be known as the per son who dis cov ered the true na ture of the at mo -
sphere and who thereby dis cov ered the lim its of ac cu racy of weather fore cast ing.

Fun Facts: Ac tor Jeff Goldblum played the role of Ian Malcolm in the
Ju ras sic Park mov ies. Malcolm is a math e ma ti cian who spe cial izes in
the study of the chaos the ory and re fers to him self as a “chaotician.” A
cen tral theme of these mov ies is prov ing that Malcolm’s chaos the o ries
are right.
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Quarks
QUARKS

Year of Dis cov ery: 1962

What Is It? Sub atomic par ti cles that make up pro tons and neu trons.

Who Dis cov ered It? Murry Gell-Mann

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

First sci en tists iden ti fied plant fi bers, then in di vid ual cells. Then sci en tists con ceived of
at oms and mol e cules. In the early twen ti eth cen tury, sci en tists dis cov ered elec trons and then
the ex is tence of pro tons and neu trons. In each case, sci en tists be lieved that they had fi nally
dis cov ered the small est pos si ble par ti cle of mat ter. Each time this be lief proved wrong.

The dis cov ery of quarks (fun da men tal par ti cles that make up pro tons and neu trons) in
1962 led sci ence into the bi zarre and alien quan tum world in side pro tons and neu trons, a
world of mass with no mass and where mass and en ergy are freely ex changed. This dis cov ery
has taken sci ence one gi ant step closer to an swer ing one of the most ba sic ques tions of all:
What re ally is mat ter made of? At each new level the an swer and the world grows stranger.

How Was It Dis cov ered?
How Was It Dis cov ered?

As the nine teenth cen tury closed, Ma rie Cu rie broke open the atom and proved that it
was not the small est pos si ble par ti cle of mat ter. Soon sci en tists had iden ti fied two sub -
atomic par ti cles: elec trons and pro tons. In 1932 James Chadwick dis cov ered the neu tron.
Once again sci en tists thought they had un cov ered the small est particles of all matter.

When par ti cle ac cel er a tors were in vented in the mid-1930s, sci en tists could smash
neu trons into pro tons, and pro tons into heavier nu clei to see what the col li sions would pro -
duce. In the 1950s Don ald Glaser in vented the “bub ble cham ber.” Sub atomic par ti cles were 
ac cel er ated to near light speed and flung into this low-pres sure, hy dro gen-gas-filled cham -
ber. When these par ti cles struck a pro ton (a hy dro gen nu cleus), the pro ton dis in te grated into 
a host of strange new par ti cles. Each of these par ti cles left a tell tale trail of in fin i tes i mally
small bub bles as they sped away from the col li sion site. Sci en tists could n’t see the par ti cles
them selves. But they could see the trails of bubbles.

Sci en tists were both amazed and baf fled by the va ri ety and num ber of these tiny tracks
on bub ble cham ber plots (each in di cat ing the tem po rary ex is tence of a pre vi ously un known
par ti cle). They were un able to even guess at what these new sub atomic particles were.

Murry Gell-Mann was born in Manhattan in 1929. A true prod igy, he could mul ti ply
large num bers in his head at age three. At seven, he beat twelve-year-olds in spell ing bees.
By age eight, his in tel lec tual abil ity matched that of most col lege stu dents. Gell-Mann,
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how ever, was bored and rest less in school and suf fered from acute writer’s block. He rarely
fin ished pa pers and pro ject de scrip tions, even though they were easy for him to complete.

Still, he sailed through un der grad u ate school at Yale and then drifted through MIT, the 
Uni ver sity of Chi cago (where he worked for Fermi) and Prince ton (where he worked for
Oppenheimer). By the age of 24, he had de cided to fo cus on un der stand ing the bi zarre par ti -
cles that showed up on bub ble cham ber plots. Bub ble cham ber plots al lowed sci en tists to
es ti mate the size, elec tri cal charge, di rec tion, and speed of each par ti cle, but not its spe cific
iden tity. By 1958 al most 100 names were in use to iden tify and de scribe this for est of new
particles that had been detected.

Gell-Mann de cided that he could make sense of these par ti cles if he ap plied a few fun -
da men tal con cepts of na ture. He as sumed that na ture was sim ple and sym met ri cal. He also
as sumed that, like all other mat ter and forces in na ture, these subproton sized par ti cles had
to be con ser va tive. (Mass, en ergy, and elec tri cal charge would be con served—not lost—in
all collision reactions.)

With these prin ci ples as his guides, Gell-Mann be gan to group and to sim plify the re -
ac tions that hap pened when a pro ton split apart. He cre ated a new mea sure that he called
strange ness that he took from quan tum phys ics. Strange ness mea sured the quan tum state of
each par ti cle. Again he as sumed that strange ness would be con served in each reaction.

Gell-Mann found that he could build sim ple pat terns of re ac tions as par ti cles split apart 
or com bined. How ever, sev eral of these pat terns didn’t ap pear to fol low the laws of con ser -
va tion. Then Gell-Mann re al ized that he could make all of the re ac tions fol low sim ple, con -
ser va tive laws if pro tons and neu trons were n’t solid things, but were, in stead, built of three
smaller particles.

Over the course of two years’ work, Gell-Mann showed that these smaller par ti cles
had to ex ist in side pro tons and neu trons. He named them k-works, then kworks for short.
Soon af ter ward he read a line by James Joyce that men tioned “three quarks.” Gell-Mann
changed the name of his new par ti cles to quarks.

Fun Facts: The James Joyce line men tioned above is “Three quarks for
Mus ter Mark!” in Finnegan’s Wake. Can you find that quote?
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Qua sars and Pul sars
Qua sars and Pul sars
QUASARS AND PULSARS

Years of Dis cov ery: 1963 and 1967

What Is It? The dis cov ery of super-dense, dis tant ob jects in space.

Who Dis cov ered It? Allan Rex Sandage (qua sar) and An tony Hewish and
Jocelyn Bell (pul sar)

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Qua sars and pul sars rep re sent a new class of ob jects in space, a new kind of mas sive,
ex traor di narily bright ob ject. Mas sive, ex ceed ingly dense, and pro duc ing pow er ful ra dio
and light trans mis sions, qua sars and pul sars rad i cally ex panded and al tered sci en tists’ view
of space and space structures.

Qua sars are some of the bright est and most dis tant ob jects in the uni verse. Pul sars pro -
vide hints of the life path and life ex pec tancy of stars. Their dis cov ery led to a greater un der -
stand ing of the life and death of stars and opened up new fields of study in as tron omy,
super-dense mat ter, grav i ta tion, and super-strong magnetic fields.

How Was It Dis cov ered?
How Was It Dis cov ered?

In the fall of 1960, Amer i can as tron o mer Allan Rex Sandage no ticed a se ries of dim
ob jects that looked like stars. He cross checked them with a ra dio tele scope to see if they
trans mit ted ra dio sig nals as well as dim light.

Each of these dim ob jects pro duced amaz ingly pow er ful ra dio sig nals. No known ob -
ject could do that. Maybe they were n’t re ally stars—at least not stars like other stars.
Sandage called these mys tery ob jects quasi-stel lar ra dio sources. Quasi-stel lar quickly
short ened to qua sar.

Sandage stud ied the spec tro graphic lines of these strange ob jects (lines that iden tify
the chem i cal makeup of a dis tant star). The lines didn’t match any known chem i cal el e -
ments and could not be iden ti fied.

Sandage and Dutch-born Amer i can as tron o mer Maarten Schmidt fi nally re al ized that
the spec tral lines could be iden ti fied as nor mal and com mon el e ments if they were viewed as 
spec tro graph lines that nor mally oc curred in the ul tra vi o let range and had been dis placed by 
a tre men dous red shift (Dopp ler shift) into the vis i ble range. (Dopp ler shifts are changes in
the fre quency of light or sound caused by the motion of an object.)

While that ex pla na tion solved one mys tery, it in tro duced an other. What could cause
such a gi ant Dopp ler shift? In 1963 they de cided that the only plau si ble an swer was dis tance 
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and that the qua sars must be over a bil lion light years away—the most dis tant ob jects ever
detected!

But now the dim light of the qua sars was too bright for a sin gle star at that dis tance
—of ten 1,000 times as bright as whole gal ax ies. Sandage and Schmidt pro posed that each
qua sar must re ally be a dis tant gal axy. How ever, the mea sured ra dio sig nals var ied too
much (on the or der of days and hours) to be a gal axy of sep a rate stars. That in di cated a com -
pact mass, not a galaxy.

Qua sars re mained a per plex ing mys tery un til, in 1967, it was pro posed that they were
re ally the ma te rial sur round ing mas sive black holes. Qua sars in stantly be came the most in -
ter est ing and im por tant ob jects in distant space.

That same year (in July 1967) Cam bridge Uni ver sity As tron omy pro fes sor An tony
Hewish com pleted a 4.5-acre ra dio an tenna field to de tect ra dio fre quency trans mis sions
from the far thest cor ners of space. This gar gan tuan maze of wire would be the most sen si -
tive ra dio fre quency receiver on Earth.

The ra dio tele scope printed 100 feet of out put chart pa per each day. Grad u ate as sis tant
Jocelyn Bell had the job of an a lyz ing this chart pa per. She com pared the chart’s squig gly
lines to the po si tion of known space ob jects and then com pared the known elec tro mag netic
emis sions of these bod ies to the chart’s squig gles and spikes in or der to ac count for each
mark on the chart.

Two months af ter the tele scope started up, Bell no ticed an un usual, tight-packed pat -
tern of lines that she called a “bit of scruff”—a squiggling pat tern she could n’t ex plain. She
marked it with a ques tion mark and moved on.

Four nights later, she saw the same pat tern. One month later she found the same pat tern 
of scruff and rec og nized that the an tenna was fo cused on the same small slice of sky. She
took the ex tra time to ex pand and mea sure the squig gles. What ever it was, this ra dio sig nal
reg u larly pulsed ev ery 1 1/3 sec onds. No nat u ral body in the known uni verse emit ted reg u -
lar signals like that.

Be fore Hewish pub licly an nounced their dis cov ery, Bell found an other bit of scruff on
chart print outs from a dif fer ent part of the sky. The pulses of this sec ond sig nal came 1.2
sec onds apart and at al most the ex act same frequency.

Ev ery the o re ti cian at Cam bridge was brought in to ex plain Jocelyn’s scruff. Af ter
months of study and cal cu la tion the sci ence team con cluded that Bell had dis cov ered
super-dense, ro tat ing stars. As tron o mers had math e mat i cally the o rized that when a huge
star runs out of nu clear fuel, all mat ter in the star col lapsed in ward, cre at ing a gi gan tic
explosion, called a supernova.

What re mained be came a hun dred mil lion times denser than or di nary mat ter —a neu -
tron star. If the star ro tated, its mag netic and elec tric fields would broad cast beams of pow -
er ful ra dio waves. From Earth, a rap idly ro tat ing neu tron star would ap pear to pulse and so
these were named “pulsars.”

Fun Facts: The more dis tant the qua sar is, the red der its light ap pears on
Earth. The light from the most dis tant qua sar known takes 13 bil lion
light-years to reach Earth. Thir teen bil lion light-years is how far away
that qua sar was 13 bil lion years ago when the light we now see first left
the star and headed to ward where Earth is now. Qua sars are the most dis -
tant ob jects in the uni verse.
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Com plete Evo lu tion
Com plete Evo lu tion
COMPLETE EVOLUTION

Year of Dis cov ery: 1967

What Is It? Evo lu tion is driven by sym bi otic merg ers be tween co op er at ing
spe cies.

Who Dis cov ered It? Lynn Margulis

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Charles Dar win was the first to con ceive that spe cies evolved—changed—over time,
and the first to iden tify a driv ing force for that change—sur vival of the fit test. Dar win’s the -
o ries in stantly be came the bed rock of bi o log i cal think ing and sur vived un chal lenged for a
century.

Lynn Margulis was the first to dis cover and prove mod i fi ca tion to Dar win’s the ory of
evo lu tion. In so do ing, she filled in the one, nag ging gap in Dar win’s the ory. More than any
sci en tist since Dar win, she has forced a rad i cal re vi sion of evo lu tion ary think ing. Like Co -
per ni cus, Ga li leo, New ton, and Dar win be fore her, Margulis has up rooted and changed
some of sci ence’s most deeply held theorems and assumptions.

How Was It Dis cov ered?
How Was It Dis cov ered?

Born in 1938, Lynn Margulis was raised on the streets of Chi cago. Called pre co cious
as a child, she en tered the Uni ver sity of Chi cago when only 14 years old. There she stud ied
ge net ics and evo lu tion.

Since Dar win’s time the field of evo lu tion has strug gled with a prob lem called “vari a -
tion.” Re search ers as sumed that vari a tion in an in di vid ual’s DNA pro vided the “trial bal -
loons” that nat u ral se lec tion kept or dis carded. Those mu ta tions that na ture kept would
slowly spread through the entire species.

How ever, a nag ging ques tion could not be an swered: What causes new vari a tions in
the in di vid u als of a spe cies? The o ries cen tered on ran dom er rors that some how re wrote sec -
tions of the DNA genetic code.

Even early in her ca reer, it seemed ob vi ous to Margulis that this was not what re ally
hap pened. Margulis saw no hard ev i dence to sup port small, ran dom mu ta tions driv ing spe -
cies evo lu tion. In stead she found ev i dence for large, sud den jumps—as if evo lu tion hap -
pened not as a slow, steady creep, but as sud den, dra matic adap tive ad vances. She saw that
evo lu tion ary change was not nearly so random as others believed.

Margulis fo cused on the con cept of sym bi o sis—two or gan isms (or spe cies) liv ing co -
op er a tively to gether for their mu tual ben e fit. She found many el e men tary ex am ples of two
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spe cies choos ing to live in in ti mate, in ter de pen dent ex is tence. Li chens were com posed of
an al gae and a fun gus that, liv ing as a sin gle or gan ism, sur vived better than ei ther could
alone. Cel lu lose-di gest ing bac te ria lived in the gut of ter mites. Nei ther could sur vive with -
out the other. Yet to gether they both thrived. With out a sym bi otic merger, this arrangement
could never have developed.

Margulis found sym bi otic re la tion ships abound ing wher ever she looked. Ex ist ing spe -
cies sought out new co op er a tive, sym bi otic re la tion ships to im prove their sur viv abil ity. Hu -
man cor po ra tions did it. So did na ture when, for ex am ple, a bac te rium (a highly evolved life 
form) in cor po rated it self into an other ex ist ing spe cies to cre ate a new sym bi otic mu ta tion
and the species jumped forward in its capabilities.

Margulis stud ied Earth’s early life forms and dis cov ered four key sym bi o ses that al -
lowed the de vel op ment of com plex life on Earth: (1) a un ion be tween a heat-lov ing
archae-bac te rium and a swim ming bac te rium (a spi ro chete). Some of the orig i nal spi ro -
chete genes were then co opted (2) to pro duce the or ga niz ing cen ters and fil a ments that pull
ge netic ma te rial to op po site sides of a cell be fore it splits. This al lowed the cre ation of com -
plex life forms. This new crea ture en gulfed (3) an ox y gen-burn ing bac te rium (once ox y gen
be gan to pro lif er ate in the at mo sphere). Fi nally, this swim ming, com plex, ox y gen-pro cess -
ing one-celled or gan ism en gulfed (4) a pho to syn the siz ing bac te rium. The re sult of this
four-step evolutionary merger was all modern algae and plants!

 Margulis showed that the cells of plants, an i mals, fungi, and even hu mans evolved
through spe cific se ries of sym bi otic merg ers that rep re sented large, in stant steps for ward
for the in volved species.

She pub lished her land mark work in 1967, but bi ol o gists were skep ti cal un til it was
shown that mi to chon dria in all hu man cells have their own DNA, thus es tab lish ing that even 
hu man cells are the re sult of at least one sym bi otic merger. This dis cov ery spurred a gen er a -
tion of sci en tists who have searched for, found, and stud ied sym bi otic merg ers. They have
found them everywhere.

Nine out of ten plants sur vive be cause of sym bi otic merg ers with root fungi that pro -
cess cru cial nu tri ents from the soil. Hu mans and other an i mals have whole col o nies of co op -
er at ing bac te ria and other bugs liv ing in our guts to pro cess and di gest the food we eat.
With out them, we would not sur vive. With out Margulis’s dis cov ery, Dar win’s the ory
would have remained incomplete.

Fun Facts: Margulis and her writer/as tron o mer hus band, Carl Sagan, are 
the ones who said: “Life did not take over the globe by com bat, but by
net work ing (co op er a tion), and Dar win’s no tion of evo lu tion driven by
the com bat of nat u ral se lec tion is in com plete.”

More to Ex plore
More to Ex plore
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Dark Mat ter
Dark Mat ter
DARK MATTER

Year of Dis cov ery: 1970

What Is It? Mat ter in the uni verse that gives off no light or other de tect ible 
ra di a tion.

Who Dis cov ered It? Vera Ru bin

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Cal cu la tions of the ex pan sion of the uni verse didn’t work. Cal cu la tions of the speed of
stars in dis tant gal ax ies didn’t match what as tron o mers ob served. Cal cu la tions of the age of
the uni verse (based on the speed of its ex pan sion) didn’t make sense. Some thing had to be
wrong with the meth ods used for these cal cu la tions. With these ma jor ques tion marks hang -
ing over the cal cu la tions, no one could de pend ably cal cu late the his tory of, pres ent mass of,
or fu ture of, the uni verse. Much of physics research ground to a halt.

Vera Ru bin only meant to test a new piece of equip ment. What she dis cov ered was that 
the ac tual mo tion of stars and gal ax ies ap peared to prove that New ton’s laws—the most
fun da men tal prin ci ples of all of as tron omy—were wrong. In try ing to ex plain the dif fer ence 
be tween ob ser va tions and New to nian phys ics, Ru bin dis cov ered dark mat ter—mat ter that
ex ists but gives off no light or other ra di a tion that sci en tists could de tect. As tron o mers and
phys i cists now be lieve that 90 per cent of the mass of the universe is dark matter.

How Was It Dis cov ered?
How Was It Dis cov ered?

In 1970 Vera Ru bin worked at the De part ment of Ter res trial Mag ne tism (DTM) at the Car -
ne gie In sti tute of Wash ing ton. DTM’s di rec tor, as tron o mer Kent Ford, had just cre ated a new
high-speed, wide-band spec tro graph that could com plete eight to ten spec tro graphs (graphic im -
ages on chart pa per of some spec trum—in this case of the en ergy emit ted from dis tant stars at dif -
fer ent fre quen cies along the fre quency spec trum) in a sin gle night while ex ist ing mod els were
lucky to com plete one in a day. Vera was itch ing to see what Ford’s in ven tion could do.

Dur ing the night of March 27, 1970, Ru bin fo cused the DTM tele scope on
Andromeda, the near est gal axy to our own. She planned to see whether Andromeda’s mil -
lions of stars re ally moved as ex ist ing the ory said they should.

When at tached to pow er ful tele scopes, spec tro graphs de tect the pres ence of dif fer ent
el e ments in a dis tant star and dis play what they de tect on chart pa per. Ru bin rigged a
high-power mi cro scope to read the charts cre ated by Ford’s spectrograph.

Ru bin knew that the marks as tron o mers mea sured on a spec tro graph shift a tiny bit
higher or lower on the fre quency chart pa per de pend ing on whether the star is mov ing to -
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ward Earth or away from it. This fre quency shift is called a Dopp ler shift. The same kind of
shift hap pens with sound waves as a car passes and the sound of its en gine seems to change
to a lower fre quency. The greater that shift, the greater the ob ject’s speed. Ru bin wanted to
see if she could use Dopp ler shifts and Kent’s new spec tro graph to mea sure the speed of
stars in distant galaxies.

She found that the stars near the outer edge of Andromeda moved just as fast as the
stars near the gal axy’s cen ter. That was n’t the way it was sup posed to be.

Over a pe riod of two months she com pleted 200 spec tro graphs. For ev ery gal axy it was 
the same. The ve loc i ties of stars she mea sured were all wrong. Ac cord ing to ev ery known
law of phys ics, some of those stars were mov ing too fast for grav ity to hold them in their
gal ax ies, and they should fly off into space. But they didn’t.

Ru bin was left with two pos si ble ex pla na tions. Ei ther New ton’s equa tions were wrong 
(some thing the sci en tific world would not ac cept) or the uni verse con tained ex tra mat ter no
as tron o mer had detected.

She chose the sec ond ex pla na tion and named this ex tra mat ter “dark mat ter” since it
could not be seen or de tected. Ru bin cal cu lated how much dark mat ter would be needed and 
how it would have to be dis trib uted through out the uni verse in or der to make New ton’s
equa tions cor rect. She found that 90 per cent of the uni verse had to be dark matter.

It took the rest of the sci en tific com mu nity a full de cade to grudg ingly ac cept Vera Ru -
bin’s re sults and the re al ity that most of the mat ter in the uni verse could not be seen or de -
tected by any means avail able to humans.

How ever, Vera Ru bin’s work in that sum mer of 1970 changed ev ery cal cu la tion and
the ory about the struc ture and or i gins of our uni verse. It vastly im proved as tron o mers’ abil -
ity to cor rectly cal cu late the dis tri bu tion and mo tion of mat ter. Mean while—luck ily—
New ton’s laws of motion still survive.

Fun Facts: NASA has tried to take a pho to graph of dark mat ter (some -
thing no once can see or di rectly de tect) by com bin ing X-ray tele scope
im ages from the ROSAT sat el lite with other sat el lite im ag ery; the photo
shown at http://heasarc.gsfc.nasa.gov/docs/rosat/gal lery/dis play/darkmatter.
html is the re sult. It could be the first photo of dark mat ter.

More to Ex plore
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The Na ture of Di no saurs
The Na ture of Di no saurs
THE NATURE OF DINOSAURS

Year of Dis cov ery: 1976

What Is It? How di no saurs re ally acted, moved, and lived.

Who Dis cov ered It? Rob ert Bakker

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

Di no saurs were plod ding, cold-blooded mon sters. They were slug gish, dull-gray, and
so dumb they were n’t ca pa ble of de cent parenting. That was the clas si cal view of di no saurs
through the first half of the twen ti eth cen tury. That was how di no saurs were de picted in il -
lus tra tions. That was what ex pert pa le on tol o gists be lieved. Rob ert Bakker shattered those
beliefs.

Rob ert Bakker was the first to claim that di no saurs were warm blooded, col or ful, and
quick, in tel li gent, and ag ile. He also first pro posed that birds were de scended from di no -
saurs. The im ages we see of di no saurs—from Ju ras sic Park to sci ence mu seum dis -
plays—all owe their di no saur con cepts to Rob ert Bakker’s dis cov er ies. Rob ert Bakker
com pletely re wrote the book on dinosaurs.

How Was It Dis cov ered?
How Was It Dis cov ered?

A great rev e la tion swept over Rob ert Bakker one night dur ing his soph o more year at
Yale Uni ver sity. As he walked through the dark ened mu seum, faint bits of light caught the
di no saur skel e tons and made them ap pear to move through the shad owed still ness. It oc -
curred to Rob ert as he stud ied the fa mil iar bones that these crea tures had ruled the earth for
165 mil lion years. They could n’t have been stu pid, cold-blooded and slug gish. In tel li gent
mam mals were around. They would have taken over un less the di no saurs kept win ning be -
cause they were fundamentally better.

Rob ert Bakker set out—all alone—to prove that the pre vail ing view of di no saurs was
com pletely wrong. Bakker turned to four sources of in for ma tion to de velop his case: com par -
a tive anat omy (com par ing the size and shape of sim i lar parts of dif fer ent spe cies), lat i tu di nal
zonation (where the an i mals live), the cu mu la tive fos sil re cord (all pre vi ously col lected di no -
saur bones and skel e tons), and ecol ogy (re la tion ship of a spe cies to its en vi ron ment).

For three years Bakker exhaustively stud ied the bones of mam mals and found that
they, as were di no saur bones, were rich in blood ves sels and lacked growth rings—just the
op po site of cold-blooded rep tiles. He found that Cre ta ceous di no saurs thrived in north ern
Can ada where cold-blooded rep tiles could not have sur vived. Fi nally he stud ied Af ri can
and North Amer i can eco sys tems and found that warm-blooded pred a tors eat six to eight
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times as much per pound of body weight as do rep tile pred a tors. By study ing the fos sil re -
cord, Bakker found that the ra tio of pred a tors to her bi vores in di no saur eco sys tems matched 
what would be expected of a warm-blooded ecosystem.

Di no saurs had to have been warm-blooded. Their bones, rel a tive num bers, and lo ca -
tions proved it.

He stud ied the legs of zoo an i mals, com par ing leg struc ture to how they moved. Did a
chicken’s leg bend dif fer ently than a ze bra’s? How did those dif fer ences re late to the dif fer -
ent ac tiv ity of each an i mal? How did form dic tate func tion for each an i mal, and how did
func tion dic tate form? What did the shape of a di no saur’s joints and the size of its bones say
about how it must have moved and func tioned? He tried to ac count for this mo tion and the
im plied prob a ble mus cle masses to con trol and move each bone in his drawings.

He com pared leg bone size, shape, and den sity for hun dreds of mod ern an i mals with
those of di no saurs. He found that di no saur leg bones closely matched the bone struc ture of
run ning mam mals—not those who sprint for 10 sec onds when alarmed, but those who reg u -
larly run for 20 minutes.

Di no saurs were run ners. Their struc ture proved it. That also meant that they were ag -
ile. No slug gish, clumsy oaf would be a nat u ral run ner.

Bakker again turned to the fos sil re cord and found that very few baby and ju ve nile di -
no saur skel e tons had been dis cov ered. This meant that few died, which in turn meant that
par ent di no saurs had to have been very suc cess ful at pro tect ing, shel ter ing, and feed ing
their young. Di no saurs were good parents.

The old myths were shat tered. Bakker pub lished his find ings while still a grad u ate stu -
dent at Har vard. But it took an other 20 years of in tense data col lec tion and anal y sis for the tide 
of be lief to turn in Bakker’s di rec tion. Even af ter Bakker’s dis cov er ies rev o lu tion ized sci -
ence’s views of di no saurs, he was still viewed with sus pi cion as an un trust wor thy rad i cal.

Fun Facts: Gi ant Bron to sau rus be came the most pop u lar of all di no saurs 
in the late nine teenth and early twen ti eth cen tu ries. Its name means
“thun der liz ard.” By 1970 some sci en tists claimed that “Bron to sau rus”
should not be used since it re ferred to three dif fer ent spe cies:
Apatosaurus, Brachiosaurus, and Camarasaurus. The ar gu ment con tin -
ues, though it’s been 80 mil lion years since any of the three thun dered
across the earth.

More to Ex plore
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Plan ets Ex ist Around
Other Stars

Plan ets Ex ist Around Other Stars
PLANETS EXIST AROUND OTHER STARS

Year of Dis cov ery: 1995

What Is It? Plan ets—even plan ets like Earth—ex ist around other stars.

Who Dis cov ered It? Michel Mayor and Didier Queloz

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

One of the great ques tions for hu man ity has al ways been: Are we alone? Sci ence has
long asked: Are we the only so lar sys tem with plan ets—and the only one with plan ets that
could sup port life? The dis cov ery of plan ets around other stars makes it likely that other
plan ets ex ist ca pa ble of sup port ing life.

Of great im por tance to as tron o mers, the dis cov ery of other so lar sys tems lets them test
their the o ries on the or i gin of plan ets and so lar sys tems. The dis cov ery of dis tant plan ets has 
fun da men tally changed how we per ceive our place in the universe.

How Was It Dis cov ered?
How Was It Dis cov ered?

In the sixth cen tury B.C., Greek sci en tist Anaximander was the first to the o rize that
other plan ets must ex ist. In 1600 Ital ian priest and as tron o mer Giordano Bruno was burned
at the stake by the Cath o lic Church for pro fess ing the same be lief. Amer i can as tron o mers
were ac tively search ing through gi ant tele scopes for plan ets or bit ing other stars by late the
1940s.

Michel Mayor was born in 1942 and even as a child was fas ci nated by stars and as tron -
omy. With his col lab o ra tor, Antoine Duquennoy, he joined the many as tron o mers search -
ing for small ob jects in the uni verse. But Mayor searched not for plan ets, but for brown
dwarfs—cool, dim ob jects thought to form like stars, but which failed to grow mas sive
enough to sup port hy dro gen fu sion and thus never lit up with starry fur nace and fire. Too
big for plan ets, too small to be come stars, brown dwarfs were a galactic oddity.

As tron o mers, how ever, had a prob lem: tele scopes can’t see plan ets and brown dwarfs
be cause they don’t give off light. In stead, as tron o mers searched for slight side-to-side wob -
bles in the mo tion of a star caused by the grav i ta tional tug of a large planet (or brown
dwarf).

Some tried to de tect such wob ble by care fully mea sur ing the po si tion of a star over the
course of months or years. Oth ers (Mayor in cluded) looked for this wob ble by us ing Dopp -
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ler shift and mea sur ing tiny shifts on a spec tro graph in the color of the light com ing from a
star that would be the re sult of changes in the star’s mo tion to ward or away from Earth.

Fol low ing the death of Duquennoy in 1993, Mayor teamed with grad u ate stu dent
Didier Queloz and de vel oped a new, more sen si tive spec tro graph to search for brown
dwarfs. Their new spec tro graph was ca pa ble of mea sur ing ve loc ity changes as small as 13
me ters per sec ond—about the same as the wob ble in our sun’s mo tion caused by Ju pi ter’s
gravitational tug.

But ev ery one as sumed that such mas sive plan ets would take years to or bit a star (as
they do in our sys tem). Thus the wob ble from a planet’s tug would take years of data to no -
tice. It never oc curred to Mayor to use his new spec tro graph and a few months’ worth of
time on a tele scope to search for a planet.

Be gin ning in April 1994, us ing the Haute-Pro vence Ob ser va tory in south ern France,
Mayor and Queloz tested their new spec tro graph on 142 nearby stars, hop ing to de tect a
wob ble that would in di cate a mas sive nearby ob ject like a brown dwarf. In Jan u ary 1995
one star, 51 Peg (the fifty-first bright est star in the con stel la tion Peg a sus) caught Queloz’s
eye. It wob bled. It wob bled back and forth every 4.2 days.

They tested the star’s light to make sure it didn’t pulse. They tested to see if sun spots
might cre ate an ap par ent wob ble. The tested to see if 51 Peg puffed up and con tracted to cre -
ate the ap pear ance of wob ble. Noth ing could ac count for 51 Peg’s wob ble ex cept for a siz -
able or bit ing object.

From the amount of 51 Peg’s wob ble they cal cu lated the mass of the ob ject and knew it 
was too small to be a brown dwarf. It had to be a planet! They had dis cov ered a planet out -
side our so lar sys tem.

By 2005, sev eral hun dred other plan ets had been lo cated—gas gi ants speed ing around
Mer cury-sized or bits; some rocky plan ets in cozy, not-too-hot-and-not-too-cold or bits;
even some drift ing free through space with out a star to cir cle. Earth is cer tainly not alone.
Mayor and Queloz were the first to dis cover proof of this spec tac u lar reality.

Fun Facts: If only one star in ten has plan ets (and cur rent knowl edge in -
di cates that at least that many do), if the av er age star with plan ets has at
least three, and if only one in ev ery hun dred are rocky plan ets in life-sus -
tain ing or bits (and re cent dis cov er ies in di cate that to be the case), then
there are at least 300,000 plan ets ca pa ble of sup port ing life in our gal axy
alone!

More to Ex plore
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Ac cel er at ing Uni verse
ACCELERATING UNIVERSE
ACCELERATING UNIVERSE

Year of Dis cov ery: 1998

What Is It? Our uni verse is not only ex pand ing; the rate at which it ex pands is
speed ing up, not slow ing down as had been as sumed.

Who Dis cov ered It? Saul Perlmutter

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

A great de bate be gan af ter Edwin Hub ble dis cov ered that the uni verse is ex pand ing: Is
that ex pan sion slow ing so that it will even tu ally stop and the uni verse will be gin to col -
lapse? Saul Perlmutter dis cov ered that the ex pan sion of the uni verse is ac tu ally ac cel er at -
ing, shat ter ing all ex ist ing sci en tific mod els of the mo tion of the uni verse. The uni verse is
ex pand ing faster now than it ever has be fore. It is tear ing it self apart. Grav ity is not slow ing
the expansion as it is supposed to.

This dis cov ery has cre ated a mon u men tal shift in how sci en tists view the uni verse, its
past, and its fu ture. It has af fected the cal cu la tions of the Big Bang and even sci en tists’ view
of what makes up the uni verse. The Jour nal of Sci ence called this dis cov ery the 1998
“Break through of the Year.”

How Was It Dis cov ered?
How Was It Dis cov ered?

Edwin Hub ble dis cov ered that the uni verse was ex pand ing in 1926. Sci en tists built
new mod els that as sumed that the ex pan sion was slow ing down as grav ity tugged on stars
and gal ax ies, pull ing them back to ward each other.

This model seemed log i cal. How ever, a few, highly tech ni cal prob lems ex isted with
the math e mat ics as so ci ated with this model. Ein stein tried to ex plain these prob lems by cre -
at ing some thing he called the “cos mo log i cal con stant”—a force that op posed grav ity. But
he then re jected the idea as his great est scientific blunder.

Af ter re ceiv ing a Ph.D. in phys ics in 1986, Saul Perlmutter worked at Law rence
Berke ley Na tional Lab o ra tory and headed the Su per nova Cos mol ogy Pro ject (SCP). This
group used the Hub ble Space Tele scope to find and study dis tant supernovae (ex plod ing
stars). They chose supernovae be cause they are the bright est ob jects in the uni verse. Type Ia 
supernovae pro duce a con stant amount of light, and it is be lieved that all Ia supernovae
shine at about the same bright ness. This made them ideal for Perlmutter’s study.

Over the 10-year pe riod from 1987 to 1997, Perlmutter de vel oped a tech nique to iden -
tify supernovae in dis tant gal ax ies and to an a lyze the light they pro duce. His team searched
tens of thou sands of gal ax ies to find a half dozen type Ia supernovae.
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When Perlmutter found an Ia su per nova, he mea sured its bright ness to de ter mine its
dis tance from Earth. (The brighter it is, the closer it is.) Perlmutter also mea sured the red
shift of the su per nova’s light. This is a tech nique based on Dopp ler shifts. If a star is mov ing 
to ward Earth, its light is com pressed and its color shifts a lit tle to ward blue. If the star is
mov ing away, its light is stretched and the color shifts to ward red. The faster the star is mov -
ing, the greater its color shift. By mea sur ing the su per nova’s red shift, Perlmutter could cal -
cu late the star’s ve loc ity away from Earth.

Now came the hard part. Other fac tors could ac count for a red shift, and Perlmutter had 
to prove that the red shifts he mea sured were the re sult of only the star’s mo tion away from
Earth. Space dust can ab sorb some light and shift its color. Some gal ax ies have an over all
color hue that could dis tort the color of the light com ing from a su per nova. Each of a dozen
pos si ble sources of er ror had to be ex plored, tested, and eliminated.

Fi nally, in early 1998, Perlmutter had col lected re li able dis tance and ve loc ity data for a 
dozen Ia supernovae spread across the heav ens. All were mov ing at tre men dous speeds
away from Earth.

Perlmutter used math e mat i cal mod els to show that these gal ax ies could n’t have been
trav el ing at their cur rent speeds ever since the Big Bang. If they had, they would be much
far ther away than they re ally are. The only way Perlmutter’s data could be cor rect was for
these gal ax ies to now be trav el ing out ward faster than they had in the past.

The gal ax ies were speed ing up, not slow ing down. The uni verse had to be ex pand ing
at an ac cel er at ing rate!

Perlmutter’s dis cov ery showed that some new and un known force (named “dark en -
ergy” by Mi chael Turner in 2000) must be push ing mat ter (stars, gal ax ies, etc.) out ward.
More re cent re search us ing new spe cially de signed sat el lites has shown that the uni verse is
filled with this “dark en ergy.” (Some es ti mates say that two-thirds of all en ergy in the uni -
verse is dark en ergy.) Over the next few years this new dis cov ery will re write hu man the o -
ries of the or i gin and structure of the universe.

Fun Facts: A new $20 mil lion tele scope is be ing built at the South Pole
to study and ex plain why the uni verse is ac cel er at ing, since this dis cov -
ery vi o lates all ex ist ing the o ries about the birth and ex pan sion of the uni -
verse. The tele scope will be come op er a tional in 2007.

More to Ex plore
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Hu man Ge nome
Hu man Ge nome
HUMAN GENOME

Year of Dis cov ery: 2003

What Is It? A de tailed map ping of the en tire hu man DNA ge netic code.

Who Dis cov ered It? James Wat son and J. Craig Venter

Why Is This One of the 100 Great est?
Why Is This One of the 100 Great est?

De ci pher ing the hu man ge netic code, the hu man ge nome, has been called the first
great sci en tific dis cov ery of the twenty-first cen tury, the “Holy Grail” of bi ol ogy. DNA is
the blue print for con struct ing, op er at ing, and main tain ing a liv ing or gan ism. It di rects the
trans for ma tion of a fer til ized egg into a com plete and com plex hu man be ing. De ci pher ing
that code is the key to un der stand ing how cells are in structed to de velop and grow, the key
to un der stand ing the development of life itself.

Be cause the hu man ge nome is un imag in ably com plex, it seemed im pos si ble to de ci -
pher the three bil lion el e ments of this mo lec u lar code. Yet this Her cu lean ef fort has al ready
led to med i cal break throughs in ge netic de fects, dis ease cures, and in her ited dis eases. It is
the key to fu ture dis cov er ies about hu man anat omy and health. Un der stand ing this ge nome
vastly in creased our ap pre ci a tion of what makes us unique and what connects us with other
living species.

How Was It Dis cov ered?
How Was It Dis cov ered?

Aus trian monk Gregor Men del dis cov ered the con cept of he red ity in 1865, launch ing
the field of ge net ics. In 1953 Fran cis Crick and James Wat son dis cov ered the dou ble he lix
shape of the DNA mol e cule that car ried all ge netic instructions.

The prob lem was that there were bil lions of ge netic in struc tions car ried on the com -
plete hu man ge netic code, or ge nome. Un der stand ing it all seemed a phys i cally im pos si ble
task. Se quenc ing the en tire hu man ge nome was a pro ject 20,000 times big ger and harder
than any bi o log i cal pro ject attempted to that time.

Charles De Lisi at the U.S. De part ment of En ergy (DOE) was the first to gain gov ern -
ment funds to be gin this mon u men tal pro cess, in 1987. By 1990, the DOE had joined with
the Na tional In sti tutes of Health (NIH) to cre ate a new or ga ni za tion, the In ter na tional Hu -
man Ge nome Se quenc ing Con sor tium (IHGSC). James Wat son (of DNA dis cov ery fame)
was asked to head the pro ject and was given 15 years to ac com plish this monumental task.
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At that time, sci en tists be lieved that hu man DNA con tained about 100,000 genes
spread along 23 chro mo somes locked onto DNA’s dou ble he lix, held to gether by over 3 bil -
lion base pairs of mol e cules. Wat son’s task was to iden tify, in ter pret, and se quence ev ery
gene on ev ery chro mo some, as well as ev ery one of those bil lions of base pairs.

Cer tainly, the abil ity to iden tify and se quence in di vid ual pairs ex isted. Wat son’s prob -
lem was one of size. Us ing the ex ist ing (1990) tech nol ogy, it would take thou sands of years
for all ex ist ing labs to com plete the iden ti fi ca tion and se quenc ing of three bil lion pairs.

Wat son de cided to start with large-scale maps of what was known about chro mo somes 
and work down to ward the de tails of in di vid ual pairs. He di rected all IHGSC sci en tists to
work to ward cre at ing phys i cal and link ing maps of the 23 chro mo somes. These maps would 
pro vide an over view of the hu man ge nome and would in clude only those few “snip pets” of
ac tual gene se quences that were already known.

By 1994 this first ef fort was com plete. Wat son or dered IHGSC sci en tists to map the
com plete ge nome of the sim plest and best-known life forms on Earth to re fine their tech -
nique be fore at tempt ing to work on the hu man ge nome. IHGSC sci en tists chose fruit flies
(stud ied ex ten sively since 1910), e. coli (the com mon in tes ti nal bac te rium), bread molds,
and sim ple nem a todes (tiny oce anic worms). In the mid-1990s, work be gan on map ping the
tens of mil lions of base pairs in these simple genomes.

How ever, not all bi ol o gists agreed with this ap proach. J. Craig Venter (a gene se -
quencer at the In sti tutes of Health) be lieved that sci en tists would waste pre cious years fo -
cus ing on Wat son’s “big pic ture” and should in stead se quence as many spe cific parts of the
ge nome as they could and piece these in di vid ual se quences together later.

A war be gan be tween Wat son (rep re sent ing the “top down” ap proach) and Venter
(rep re sent ing the “bot tom up” ap proach). Ac cu sa tions and ugly words erupted from both
sides at con gres sio nal hear ings, at fund ing meet ings, and in the press.

Venter quit his gov ern ment po si tion and formed his own com pany to de velop as much
of the ge nome se quence as he could ahead of IHGSC’s ef fort. In 1998 Venter shocked the
world by an nounc ing that he would use linked super com put ers to com plete his se quenc ing
of the en tire hu man ge nome by 2002, three years ahead of IHGSC’s timetable.

In early 2000 Pres i dent Clinton stepped in to end the war and merged both sides into a
uni fied ge nome ef fort. In 2003 this merged team re leased their pre lim i nary re port, de tail ing
the en tire se quence of the hu man ge nome. In writ ten form, that ge nome would fill 150,000
printed pages (500 books, each 300 pages long).

Sur pris ingly, these sci en tists found that hu mans have only 25,000 to 28,000 genes
(down from the pre vi ously be lieved 100,000). A hu man’s ge netic se quence is only a few
per cent dif fer ent from that of many other species.

Even though the in for ma tion on this ge netic se quence is only a few years old, it has al -
ready helped med i cal re search ers make ma jor ad vances on doz ens of dis eases and birth de -
fects. Its full value will be seen in med i cal break throughs over the next 20 to 50 years.

Fun Facts: If the DNA se quence of the hu man ge nome were com piled in 
books, the equiv a lent of 200 vol umes the size of a Manhattan tele phone
book (at 1,000 pages each) would be needed to hold it all.
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Ap pen dix 1: Dis cov er ies by Sci en tific Field
Ap pen dix 1: Dis cov er ies by Sci en tific Field

These ta bles list the 100 great est sci ence dis cov er ies di vided into their ap pro pri ate
fields of sci ence so that read ers can eas ily iden tify the in di vid ual dis cov er ies that re late to
the same area. Within each field in ven tions are listed chronologically.

Phys i cal Sci ences

Dis cov ery Dis cov er ing Sci en tist Year Page
As tron omy
Sun-cen tered uni verse Co per ni cus, Nicholaus 1520 5

Plan ets’ true or bits Kep ler, Johannes 1609 11

Other plan ets have moons Galilei, Ga li leo 1610 13

Dis tance to the sun Cassini, Giovanni 1672 27

Gal ax ies Herschel, Wil liam 1750 36

Wright, Thomas 1750 36

Black hole Schwarzschild, Karl 1916 140

Wheeler, John 1971 141

Ex pand ing uni verse Hub ble, Edwin 1926 150

The Big Bang Gamow, George 1948 185

Qua sar Sandage, Allan 1963 205

Pul sar Bell, Jocelyn 1967 205

Hewish, An tony 1967 205

Dark mat ter Ru bin, Vera 1970 211

Plan ets around other stars Mayor, Michel 1995 215

Queloz, Didier 1995 215

Uni verse is ac cel er at ing Perlmutter, Saul 1998 218

Chem is try
Boyle’s Law Boyle, Rob ert 1662 19

Ox y gen Priestley, Jo seph 1774 43

Elec tro chem i cal bond ing Davy, Humphrey 1806 61

Mol e cules Avogadro, Amedeo 1811 63

Atomic light sig na tures Bun sen, Rob ert 1859 81

Kirchhoff, Rob ert 1859 81
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Dis cov ery Dis cov er ing Sci en tist Year Page
Pe ri odic Ta ble Mendeleyev, Dmitri 1880 90

Ra dio ac tiv ity Cu rie, Ma rie and Pi erre 1901 105

Ra dio ac tive dat ing Boltwood, Bertram 1907 119

Iso topes Soddy, Fred er ick 1913 133

Phys ics
Le vers and buoy ancy Ar chi me des 260 B.C. 3

Law of fall ing ob jects Galilei, Ga li leo 1598 9

Air pres sure Torricelli, Evangelista 1640 17

Uni ver sal grav i ta tion New ton, Isaac 1666 23

Laws of mo tion New ton, Isaac 1687 31

Na ture of elec tric ity Frank lin, Benjamin 1752 38

Con ser va tion of mat ter Lavoisier, Antoine 1789 47

Nature of heat Rumford, Count 1790 49

In fra red Herschel, Fred er ick 1800 55

Ul tra vi o let Ritter, Johann 1801 55

At oms Dal ton, John 1802 59

Elec tro mag ne tism Oers ted, Hans 1820 65

Cal o rie Joule, James 1843 71

Con ser va tion of en ergy Helmholtz, H. von 1847 73

Dopp ler ef fect Dopp ler, Chris tian 1848 75

Elec tro mag netic ra di a tion Maxwell, James 1864 83

X-rays Roent gen, Wil helm 1895 95

En ergy equa tion Ein stein, Al bert 1905 111

Rel a tiv ity Ein stein, Al bert 1905 114

Su per con duc tiv ity Onnes, Heike 1911 128

Atomic bond ing Bohr, Niels 1913 131

Quan tum the ory Born, Max 1925 148

Un cer tainty Prin ci ple Heisenberg, Werner 1927 153

Speed of light Michelson, Al bert 1928 155

An ti mat ter Dirac, Paul 1929 160

Neu tron Chadwick, James 1932 163

Strong force Yukawa, Hideki 1937 171

Nu clear fis sion Meitner, Lise 1939 178

Hahn, Otto 1939 178

Semi con duc tor tran sis tor Bardeen, John 1947 183

Def i ni tion of in for ma tion Shan non, Claude 1948 188

Nu clear fu sion Bethe, Hans 1951 192

Spitzer, Lyman 1951 192

Quarks Gell-Mann, Murry 1962 203

Weak force Rubbia, Carlo 1983 171
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Earth Sci ences

Dis cov ery Dis cov er ing Sci en tist Year Page
Gulf Stream Frank lin, Benjamin 1770 40

Humbolt, A. von 1814 41

Ero sion (weath er ing) Hutton, James 1792 51

Ice ages Agassiz, Louis 1837 69

Milankovich, Milutin 1920 70

At mo spheric lay ers de Bort, L. Teisserenc 1902 107

Fault lines Reid, Harry 1911 126

Earth’s core Gutenberg, Beno 1914 136

Con ti nen tal drift Wegener, Al fred 1915 138

Eco sys tem Tansley, Arthur 1935 169

Seafloor spread ing Hess, Harry 1957 199

Chaos theory Lorenz, Ed 1960 201

Life Sci ences

Dis cov ery Dis cov er ing Sci en tist Year Page

Biology

Cells Hooke, Rob ert 1665 21

Fos sils Steno, Nich o las 1669 25

Bac te ria Leeuwenhoek, An ton van 1680 29

Tax on omy sys tem Linnaeus, Carl 1735 33

Pho to syn the sis Ingenhousz, Jan 1779 45

Di no saur fos sils Buck land, Wil liam 1824 67

Mantell, Gid eon 1824 67

Germ the ory Pas teur, Louis 1856 77

Deep-sea life Thomson, Charles 1870 88

Cell di vi sion Flemming, Walther 1882 92

Vi rus Beijerinick, Martinus 1898 101

Ivanovsky, Dmitri 1898 101

Cell struc ture Claude, Al bert 1933 165

Or i gins of life Miller, Stan ley 1952 194

Na ture of di no saurs Bakker, Rob ert 1976 213
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Discovery Dis cov er ing Sci en tist Year Page
Evo lu tion and Hu man Anat omy

Hu man anat omy Vesalius, Andreas 1543 7

Evo lu tion Dar win, Charles 1858 79

He red ity Men del, Gregor 1865 86

Mi to chon dria Benda, Carl 1898 103

Ge netic mu ta tions Mor gan, Thomas 1909 121

Neurotransmitters Loewi, Otto 1921 144

Walder-Hartz, Hein rich 1921 144

Hu man evo lu tion Dart, Ray mond 1924 146

Coe la canth Smith, J. L. B 1938 176

Jump ing genes McClintock, Barbara 1950 190

DNA Crick, Fran cis 1953 196

Wat son, James 1953 196

Frank lin, Rosalind 1953 197

Com plete evo lu tion Margulis, Lynn 1967 208

Hu man ge nome Venter, Craig 2003 220

Wat son, James 2003 220

Med i cal Sci ence

Hu man cir cu la tory sys tem Harvey, Wil liam 1628 15

Vac ci na tions Montagu, Lady Mary Wortley 1798 53

Jen ner, Ed ward 1794 53

An es the sia Davy, Humphry 1801 57

Chlo ro form (an es the sia) Simpson, Young 1801 57

Ether (an es the sia) Long, Crawford 1801 58

Blood types Landsteiner, Karl 1897 97

Hor mones Bayliss, Wil liam 1902 109

Star ling, Er nest 1902 109

Vi ta mins Hopkins, Fred er ick 1906 117

Eijkman, Christiaan 1906 117

An ti bi ot ics Ehrlich, Paul 1910 124

In su lin Banting, Fred er ick 1921 142

Pen i cil lin Flemming, Al ex an der 1928 158

Genes Bea dle, George 1934 167

Me tab o lism (Krebs Cy cle) Krebs, Hans 1938 174

Blood plasma Drew, Charles 1940 181
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Ap pen dix 2: Sci en tists
Ap pen dix 2: Sci en tis ts

This ta ble is an al pha bet i cal list of the sci en tists fea tured in the dis cus sions of the 100
great est dis cov er ies. Each is listed with his or her dis cov ery and the year the dis cov ery was
made.

Name Dis cov ery Year Page

Abel, John Hor mones 1898 109

Agassiz, Louis Ice ages 1837 69

Ar chi me des Le vers and buoy ancy 260 B.C. 3

Avogadro, Amedeo Mol e cules 1811 63

Bakker, Rob ert Na ture of di no saurs 1976 213

Banting, Fred er ick In su lin 1921 142

Bardeen, John  Semi con duc tor tran sis tor 1947 183

Bayliss, Wil liam Hor mones 1902 109

Bea dle, George Genes 1934 167

Beijerinick, Martinus Vi rus 1898 101

Bell, Jocelyn Pul sar 1967 205

Benda, Carl Mi to chon dria 1898 103

Bethe, Hans Nu clear fu sion 1939 192

Bohr, Niels Atomic bond ing 1913 131

Boltwood, Bertram Ra dio ac tive dat ing 1907 119

Born, Max Quan tum the ory 1925 148

Boyle, Rob ert Boyle’s law 1662 19

Buck land, Wil liam Di no saur fos sils 1824 67

Bun sen, Rob ert Atomic light sig na tures 1859 81

Cassini, Giovanni Dis tance to the sun 1672 27

Chadwick, James Neu tron 1932 163

Claude, Al bert Cell struc ture 1933 165

Co per ni cus, Nicholaus Sun-cen tered uni verse 1520 5

Courtenay-Lati mer, M. Coe la canth 1938 176

Crick, Fran cis DNA 1953 196

Cu rie, Ma rie and Pi erre Ra dio ac tiv ity 1901 105

Dal ton, John At oms 1802 59

Dart, Ray mond Hu man evo lu tion 1924 146

Dar win, Charles Evo lu tion 1858 79

Davy, Humphry An es the sia 1801 57

Davy, Humphry Elec tro chem i cal bond ing 1806 61

de Bort, Leon Teisserenc At mo spheric lay ers 1902 107
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Name Dis cov ery Year Page

Dirac, Paul An ti mat ter 1929 160

Dopp ler, Chris tian Dopp ler ef fect 1848 75

Drew, Charles Blood plasma 1940 181

Ehrlich, Paul An ti bi ot ics 1910 124

Eijkman, Christiaan Vi ta mins 1906 117

Ein stein, Al bert En ergy equa tion 1905 111

Ein stein, Al bert Rel a tiv ity 1905 114

Galilei, Ga li leo Law of fall ing ob jects 1598 9

Galilei, Ga li leo Other plan ets have moons 1609 11

Gamow, George The Big Bang 1948 185

Gell-Mann, Murry Quarks 1962 203

Gutenberg, Beno Earth’s core 1914 136

Fermi, Enrico Nu clear fis sion 1939 178

Flemming, Al ex an der Pen i cil lin 1928 158

Flemming, Walther Cell di vi sion 1882 92

Frank lin, Benjamin Na ture of elec tric ity 1752 38

Frank lin, Benjamin Gulf Stream 1770 40

Frank lin, Rosalind DNA 1953 197

Hahn, Otto Nu clear fis sion 1939 178

Harvey, Wil liam Hu man cir cu la tory sys tem 1628 15

Heisenberg, Werner Un cer tainty Prin ci ple 1927 153

Helmholtz, Hermann von Con ser va tion of en ergy 1847 73

Herschel, Fred er ick In fra red 1800 55

Herschel, Wil liam Gal ax ies 1750 36

Hess, Harry Seafloor spread ing 1957 199

Hewish, An tony Pul sar 1967 205

Hodg kin, Dor o thy Pen i cil lin 1942 159

Hooke, Rob ert Cells 1665 21

Hopkins, Fred er ick Vi ta mins 1906 117

Hub ble, Edwin Ex pand ing uni verse 1926 150

Humbolt, Al ex an der von Gulf Stream 1814 41

Hutton, James Ero sion (weath er ing) 1792 51

Ingenhousz, Jan Pho to syn the sis 1779 45

Ivanovsky, Dmitri Vi rus 1898 101

Jen ner, Ed ward Vac ci na tions 1794 53

Joule, James Cal o rie 1843 71

Kep ler, Johannes Plan ets’ true or bits 1609 11

Kirchhoff, Rob ert Atomic light sig na tures 1859 81

Krebs, Hans Me tab o lism (Krebs Cy cle) 1938 174

Landsteiner, Karl Blood types 1897 97

Lavoisier, Antoine Con ser va tion of mat ter 1789 47
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Name Dis cov ery Year Page

Lehman, Inge Earth’s core 1938 137

Leeuwenhoek, An ton van Bac te ria 1680 29

Linnaeus, Carl Tax on omy sys tem 1735 33

Long, Crawford Ether (an es the sia) 1801 58

Loewi, Otto Neurotransmitters 1921 144

Lorenz, Ed Chaos the ory 1960 201

Mantell, Gid eon Di no saur fos sils 1824 67

Margulis, Lynn Com plete evo lu tion 1967 208

Mayor, Michel Plan ets around other stars 1995 215

Maxwell, James Elec tro mag netic ra di a tion 1864 83

McClintock, Barbara Jump ing genes 1950 90

Meitner, Lise Nu clear fis sion 1939 178

Men del, Gregor He red ity 1865 86

Mendeleyev, Dmitri Pe ri odic Ta ble 1880 90

Michelson, Al bert Speed of light 1928 155

Milankovich, Milutin Ice ages 1920 70

Miller, Stan ley Or i gins of life 1952 194

Montagu, Lady Mary Vac ci na tions 1798 53

Mor gan, Thomas Ge netic mu ta tions 1909 121

New ton, Isaac Uni ver sal grav i ta tion 1666 23

New ton, Isaac Laws of mo tion 1687 31

Oers ted, Hans Elec tro mag ne tism 1820 65

Onnes, Heike Su per con duc tiv ity 1911 128

Pas teur, Louis Germ the ory 1856 77

Perlmutter, Saul Uni verse is ac cel er at ing 1998 218

Priestley, Jo seph Ox y gen 1774 43

Queloz, Didier Plan ets around other stars 1995 215

Reid, Harry Fault lines 1911 126

Ritter, Johann Ul tra vi o let` 1801 55

Roent gen, Wil helm X-rays 1895 95

Rubbia, Carlo Weak force 1983 171

Ru bin, Vera Dark mat ter 1970 211

Rumford, Count Na ture of heat 1790 49

Sandage, Allan Qua sar 1963 205

Schwarzschild, Karl Black hole 1916 140

Shan non, Claude Def i ni tion of in for ma tion 1948 188

Sharpey-Schafer, Ed ward Hor mones 1894 109

Simpson, Young Chlo ro form (an es the sia) 1801 57

Smith, J. L. B. Coe la canth 1938 176

Soddy, Fred er ick Iso topes 1913 133

Spitzer, Lyman Nu clear fu sion 1951 193
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Name Dis cov ery Year Page

Star ling, Er nest Hor mones 1902 109

Steno, Nich o las Fos sils 1669 25

Takamine, Jokichi Hor mones 1900 109

Tansley, Arthur Eco sys tem 1935 169

Tatum, Ed ward Genes 1934 167

Thomson, Charles Deep-sea life 1870 88

Torricelli, Evangelista Air pres sure 1640 17

Venter, Craig Hu man ge nome 2003 220

Vesalius, Andreas Hu man anat omy 1543 7

Walder-Hartz, Hein rich Neurotransmitters 1888 144

Wat son, James DNA 1953 196

Wat son, James Hu man ge nome 2003 220

Wegener, Al fred Con ti nen tal drift 1915 138

Wheeler, John Black holes 1971 141

Wright, Thomas Gal ax ies 1750 36

Yukawa, Hideki Strong force 1937 171 
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Ap pen dix 3: The Next 40
Ap pen dix 3: The Next 40

This ta ble is a list of 40 im por tant dis cov er ies that al most made the fi nal list of the
great est 100. Each is wor thy of con sid er ation, honor, and study. Pick one or more of these to 
re search and describe.

Earth is a sphere Ar is totle 387 B.C.

The heav ens are not fixed and
un chang ing

Brahe 1574

The na ture of light Ga li leo, New ton, Young, Ein stein var i ous years

Com press ibil ity of gas ses Boyle 1688

Lift/fluid pres sure Bernoulli 1738

Com ets have pre dict able or bits Halley 1758

Hy dro gen Caven dish 1776

Or i gin of the so lar sys tem Laplace 1796

Mass of the earth Caven dish 1798

Liquification of gas ses Far a day 1818

Fin ger prints, unique ness of Purkinje 1823

Mag netic in duc tion Far a day 1831

Age of the sun Helmholtz 1853

Sun is a gas Car ring ton 1859

Age of the earth Lyell (first), Holmes (ac cu rate) 1860, 1940

An ti sep tics Lis ter 1863

Plas tics Hyatt 1869

Al ter nat ing cur rent Tesla 1883

Bac te ri ol ogy Koch 1890

Earth’s mag netic field re ver sals Brunhes 1906

Che mo ther apy Ehrlich 1906

Cos mic ra di a tion Hess 1911

Elec tro en ceph a lo gram Berger 1924

adjustrightBrucellosis bac te rium Ev ans 1925

Ex clu sion prin ci ple Pauli 1926

Neu trino Pauli 1926

Gal ax ies emit ra dio waves Jansky 1932

Ar ti fi cial ra dio ac tiv ity Cu rie and Joliot 1934

Cor ti sone Kend all 1935

Sulfa drugs Domagk 1936

Ra di a tion ther apy Priore 1950

La ser Townes and Gould 1954/1957
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Global warm ing Many late twen ti eth
cen tury

First clon ing Gurden 1967

Laetoli foot prints (3.5 mil lion
years old) 

Mary Leakey 1973

”Lucy” (3.2 mil lion-year-old
skull)

Don ald John son 1974

Non-ox y gen-based deep sea life Ballard 1977

Di no saur ex tinc tion (K-T
as ter oid)

Alvarez 1979

Hu man retro virus HIV Gallo and Montagnier 1982

Toumai skull (6 to 7 mil lion years 
old)

Michel Bru net 2002
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In dex
In dex
In dex

Ab so lute zero tem per a ture
superconductivity, 128–29

Ac cel er at ing uni verse
importance of, 218
origins of discovery, 218–19

Ace tyl cho line
neurotransmitters, 145

Ach ro matic mi cro scope
mitochondria, 103

Adren a line, 109
Agassiz, Louis

ice ages, 69–70
Ag glu ti na tion, 99
Air pres sure

importance of, 17
origins of discovery, 17–18

Al gae
complete evolution, 209

Amino ac ids. See also Tryptophan
origins of life, 194–95
vitamins, 118

An aer o bic pro cess
metabolism, 174–75

Anat omy. See Com par a tive anat omy; Hu man
anat omy

An es the sia
definition of, 57
importance of, 57
origins of discovery, 57–58

An i mals. See also Eco sys tems; Plants
coelacanth, 176–77
continental drift, 138
deep-sea life, 88–89
order in nature, 33–34
theory of evolution, 79–80

An thro pol ogy
theory of evolution, 79

An ti bi ot ics
importance of, 124
origins of discovery, 124–25
penicillin, 158–59

An ti mat ter. See also Mat ter
E = mc2, 112
importance of, 160
origins of discovery, 160–61

Apes
human evolution, 146

Ar chi me des
levers and buoyancy, 3–4

Ar is totle
Jupiter’s moons, 13
law of falling objects, 9–10
laws of motion, 31

Ar ter ies
circulatory system, 15–16

As trol ogy
distance to the sun, 27

As tron omy. See also Big Bang the ory; Black 
holes; Ex pand ing uni verse; Gal ax ies;
Or i gins of life; So lar sys tem; Speed
of light; Sun-cen tered universe

dark matter, 211–12
distance to the sun, 27–28
Doppler Effect, 75–76
electromagnetic radiation/radio waves, 83
existence of planets around other stars,

215–16
Infrared (IR) and ultraviolet (UV) light,

55–56
planetary motion, 11–12
quasars and pulsars, 205–6

At mo sphere. See also Ice ages; Na ture of the 
at mo sphere; Oceans, ef fects on
weather; Ox y gen; Weather

air pressure, 17–18
matter, 47–48
origins of life, 194–95
photosynthesis, 45

At mo spheric lay ers
importance of, 107
origins of discovery, 107–8

Atomic bond ing
importance of, 131
origins of discovery, 131–32
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Atomic en ergy
fusion, 192–93
isotopes, 133–34

Atomic light sig na tures
importance of, 81
origins of discovery, 81–82

Atomic weight
isotopes, 133–34
Periodic Chart of the Elements, 90–91

At oms. See also Big Bang the ory;
Elec tro chem i cal bond ing; Elec trons;
Ex is tence of cells; Hy dro gen bomb;
Iso topes; Mol e cules; Neu trons; Nu clear
bomb; Nu clear fis sion; Ra dio ac tiv ity;
Sub atomic par ti cles; Uncertainty
Principle

Boyle’s Law, 19
importance of, 59
origins of discovery, 59–60
weak and strong force, 171–72

ATP
metabolism, 175

Avogadro, Amedeo
Avogadro’s Number, 63
molecules, 63–64

Bac te ria. See also An ti bi ot ics; Or i gins of life;
Pen i cil lin; Viruses

complete evolution, 209
germ theory, 77–78
importance of, 29
origins of discovery, 29–30

Bakker, Rob ert
nature of dinosaurs, 213–14

Bal loons
atmospheric layers, 107

Band width
definition of information, 189

Banting, Fred er ick
insulin, 142–43

Bardeen, John
semiconductor transistor, 183–84

Bar ium
nuclear fission, 178–79

Ba rom e ter. See also At mo sphere; Weather
air pressure, 17
atmospheric layers, 107–8

Bat ter ies
electrochemical bonding, 62
electricity, 38
“Voltaic Pile,” 62

Bayliss, Wil liam
hormones, 109–10

Bea dle, George
genes, function of, 167–68

Beijerinick, Martinus
viruses, 101–2

Bell, Jocelyn. See also Sandage, Allan Rex
pulsars, 205–6

Benda, Carl
mitochondria, 103–4

Be ryl lium
neutrons, 164

Big Bang the ory. See also Ac cel er at ing
uni verse

expanding universe, 150
importance of, 185
origins of discovery, 185–86

Bi no mial sys tem, 34
Bio chem i cal ge net ics

genes, function of, 167–68
Bi ol ogy. See also Com plete evo lu tion;

Ex is tence of cells; Mi cro bi ol ogy;
Mo lec u lar bi ol ogy; Or i gins of life

cell division, 92–93
cell structure, 165–66
chromosomes, function of, 121–22
coelacanth, 176–77
ecosystems, 169–70
“jumping genes,” 191
order in nature, 33–34
theory of evolution, 79–80

Birds
nature of dinosaurs, 213

“Bit of scruff,” 206
Black holes

importance of, 140
origins of discovery, 140–41
quasars and pulsars, 206

 “Black re ac tion,” 103
Blood cells, 29
Blood plasma

importance of, 181
origins of discovery, 181–82

Blood sugar
insulin, 142–43

Blood trans fu sions
plasma, 181–82

Blood types
importance of, 97
origins of discovery, 97–98
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Bohr, Niels
atomic bonding, 131–32

Boltwood, Bertram
radioactive dating, 119–20

Bond ing. See Atomic bond ing; Elec tro chem i cal 
bond ing

Bone struc ture
nature of dinosaurs, 214

Boolean logic
definition of information, 188

Born, Max
quantum theory, 148–49

Bot any
order in nature, 33–34

Boyle, Rob ert
Boyle’s Law, 19–20

Boyle’s Law
importance of, 19
origins of discovery, 19–20

Brahe, Tycho
planetary motion, 11–12

Brain func tion
neurotransmitters, 144–45

Brown dwarfs
existence of planets around other stars,

215–16
Bub ble cham ber, 203–4
Buck land, Wil liam

dinosaur fossils, 67–68
Bun sen, Rob ert

atomic light signatures, 81–82
Bunsen burner, 82

Buoy ancy. See also Le vers
definition of, 3
importance of, 4
origins of discovery, 3–4

Cal cu lus, 31–32
Ca lo ric, 49–50
Cal o ries

as units of energy, 71
importance of, 71
origins of discovery, 71–72
vitamins, 117–18

Can cer re search
cell structure, 165–66

Cap il lar ies, 29
Car bon

metabolism, 175
radioactive dating, 120

Car bon di ox ide. See also Ox y gen;
Pho to syn the sis

electrochemical bonding, 61–62
metabolism, 175

Cassini, Giovanni
Cassini gaps, 27
distance to the sun, 27–28

Catastrophism
erosion of Earth’s surface, 51

Cath ode rays
electrons, 101–2

Cell di vi sion
importance of, 92
origins of discovery, 92–93

Cell struc ture
importance of, 165
origins of discovery, 165–66

Cells. See Blood cells; Com plete evo lu tion;
Ex is tence of cells; Genes;
Mi cro bi ol ogy; Mi to chon dria;
Neurotransmitters; Viruses

Cen tri fuge
cell structure, 166

Chadwick, James
neutrons, 163–64

Chaos the ory
nature of the atmosphere, 201–2

Chart of the El e ments. See Pe ri odic Chart of
the El e ments

Chem i cal com pounds
antibiotics, 124–25
isotopes, 133–34
vitamins, 117–18

Chem i cal mes sen gers. See Hor mones;
Neurotransmitters

Chem is try. See also Elec tro chem i cal
bond ing; Elec tro chem is try;
Neurotransmitters; Pe ri odic Chart of
the El e ments; Photochemistry

atoms, 59–60
Big Bang theory, 186
Boyle’s Law, 19
isotopes, 133–34
matter, 47

Che mo ther apy
antibiotics, 124–25

Chlo ro form, 57
Chro matic ab er ra tion, 103
Chromatin, 93
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Chro mo somes
cell division, 92–93
cell structure, 166
function of, 121–23
heredity, 86
human genome, 221
“jumping genes,” 190–91

Cir cu la tory sys tem
importance of, 15
origins of discovery, 15–16

Cit ric acid
metabolism, 175

Claude, Al bert
cell structure, 165–66

Cli mate. See At mo spheric lay ers; Oceans,
ef fects on weather

Clouds
atmospheric layers, 107

Coe la canth
importance of, 176
origins of discovery, 176–77

Com bus tion, 43–44, 49
Com mu ni ca tion

neurotransmitters, 144–45
Com par a tive anat omy

nature of dinosaurs, 213
Com plete evo lu tion

importance of, 208
origins of discovery, 208–9

Com pounds. See Chem i cal com pounds;
In or ganic com pounds

Com put ers
definition of information, 188–89
human genome, 221

Con duc tiv ity. See Semi con duc tor tran sis tor;
Su per con duc tiv ity

Con ser va tion of en ergy
contradictions, 112
importance of, 73
origins of discovery, 73–74

Con ser va tion of mass
contradictions, 112

Con ti nen tal drift. See also Earth’s core and
man tle; Plate tec ton ics; Seafloor
spread ing

importance of, 138
origins of discovery, 138–39

Co per ni cus, Nicholaus
Jupiter’s moons, 13–14
planetary motion, 11
sun-centered universe, 5–6

Core and man tle. See Earth’s core and
man tle

Corn re search
“jumping genes,” 190–91

Cor pus cu lar the ory of mat ter
fossils, 26

Cor ti sone, 110
“Cos mic egg,” 185
“Cos mo log i cal con stant,” 218
Coun cil of Car di nals

Jupiter’s moons, 14
Court room ev i dence

DNA, 196
Crick, Fran cis

DNA, 196–97
Crookes’ tube

X-rays, 95–96
Cu rie, Ma rie

radioactivity, 105–6
“Cur va ture of space, the”

black holes, 140
Cy to plasm

mitochondria, 103–4

Dal ton, John
atoms, 59–60

“Dark en ergy,” 219
Dark mat ter

importance of, 211
origins of discovery, 211–12

Dart, Ray mond
human evolution, 146–47

Dar win, Charles. See also Com plete evo lu tion
dinosaur fossils, 67
heredity, 86
human evolution, 146–47
theory of evolution, 79–80, 121

Dat ing. See Ra dio ac tive dat ing
Davy, Humphry

anesthesia, 57–58
electrochemical bonding, 61–62

De cay. See Ra dio ac tive de cay
Decomposers

ecosystems, 170
Deep-sea life

importance of, 88
origins of discovery, 88–89

Def i ni tion of in for ma tion
importance of, 188
origins of discovery, 188–89
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Democritus
Boyle’s Law, 19

Den sity
atmospheric layers, 107–8
Big Bang theory, 185–86
black holes, 140–41
buoyancy, 4
Earth’s core and mantle, 136–37
nature of the atmosphere, 202
quasars and pulsars, 205–6

De oxy ri bo nu cleic Acid (DNA). See also
Hu man ge nome; mDNA; Or i gins of life;
Ri bo nu cleic Acid (RNA)

chromosomes, function of, 121
complete evolution, 208
genes, function of, 167–68
heredity, 86–87
importance of, 196
mitochondria, 103–4
origins of discovery, 196–97

Depths of the Sea, The, 89
De tri tus, 89
Di a be tes

insulin, 142–43
Di etary health. See also Nu tri tion

vitamins, 117–18
Dif frac tion pat terns

Earth’s core and mantle, 137
Di ges tive juices

insulin, 142–43
Dig i tal tech nol ogy. See also Com put ers

definition of information, 188
Di no saur fos sils. See also Na ture of di no saurs

importance of, 67
origins of discovery, 67–68

Dirac, Paul
antimatter, 160–62

Dis eases. See An ti bi ot ics; Bac te ria;
De oxy ri bo nu cleic Acid (DNA); Hu man
ge nome; “Jump ing genes”; Pen i cil lin;
Vac ci na tions; Viruses; Vitamins

Dis sec tions
circulatory system, 15
human anatomy, 7–8

Dis tance to the sun
importance of, 27
origins of discovery, 27–28

DNA. See Deoxyribonucleic Acid (DNA)
Dopp ler, Chris tian

Doppler Effect, 75–76

Dopp ler Ef fect
Doppler shift, 76
importance of, 75
origins of discovery, 75–76

Dopp ler shift, 76
accelerating universe, 219
dark matter, 212
existence of planets around other stars, 215–16
quasars and pulsars, 205

Dou ble he lix model
DNA, 197
human genome, 220–21

Drew, Charles
blood plasma, 181–82

E = mc2

black holes, 140
fusion, 192
importance of, 111
origins of discovery, 111–12
speed of light, 155

Earth’s core and man tle. See also
Con ti nen tal drift; Plate tec ton ics;
Seafloor spread ing

importance of, 136
origins of discovery, 136–37

Earth quakes. See Fault lines
Ecol ogy

nature of dinosaurs, 213
theory of evolution, 79–80

Eco sys tems
importance of, 169
nature of dinosaurs, 213
order in nature, 33
origins of discovery, 169–70

 “Ed ding ton’s equa tions,” 160
Ehrlich, Paul

antibiotics, 124–25
Eijkman, Christiaan

vitamins, 117–18
Ein stein, Al bert

E = mc2, 111–13
theory of relativity, 114–16

Elec tri cal cur rents
antimatter, 160–61
neurotransmitters, 144–45
neutrons, 163
semiconductor transistor, 183–84

Elec tri cal en ergy
semiconductor transistor, 183–84
superconductivity, 128–29
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Elec tri cal fields
electromagnetic radiation/radio waves, 84

Elec tri cal re sis tance
semiconductor transistor, 183–84
superconductivity, 128–29

Elec tric ity.  See also Su per con duc tiv ity
conservation of energy, 74
electromagnetic radiation/radio waves,

83–84
electromagnetism, 65–66
electrons, 101
importance of, 38
origins of discovery, 38–39

Elec tro chem i cal bond ing
importance of, 61
origins of discovery, 61–62

Elec tro chem is try
infrared (IR) and ultraviolet (UV) light, 56
metabolism, 175

Elec trodes, 62
Elec tro lytes, 62
Elec tro mag netic ra di a tion/ra dio waves

importance of, 83
origins of discovery, 83–84
quasars and pulsars, 206

Elec tro mag ne tism
electrons, 102
importance of, 65
origins of discovery, 65–66
weak and strong force, 171–72

Elec tron mi cro scope
atoms, 59
cell structure, 165–66
viruses, 97–98

Elec tronic cir cuits
definition of information, 188

Elec trons. See also Atomic bond ing;
Pro ton-elec trons; Pro tons;
Su per con duc tiv ity; Un cer tainty Principle

antimatter, 160–61
atoms, 59–60
Big Bang theory, 186
electrochemical bonding, 61–62
importance of, 101
isotopes, 134
neutrons, 163
origins of discovery, 101–2
quantum theory, 148–49

El e men tary par ti cles
antimatter, 161
Uncertainty Principle, 153

El e ments. See Pe ri odic Chart of the
El e ments; Iso topes; Ra dio ac tive
dat ing; Trace elements

El lip ses. See also Epi-cir cles
definition of, 12
laws of motion, 31
planetary motion, 11–12

En do cri nol ogy
hormones, 109–10

En ergy. See An ti mat ter; Cal o ries;
Con ser va tion of en ergy; “Dark
en ergy;” Fis sion; Fu sion; Ki netic
en ergy; Me tab o lism; Nu clear fis sion;
Solar energy

En ergy and mat ter
antimatter, 161
E = mc2, 111–12
theory of relativity, 115

En zymes
genes, function of, 167–68
metabolism, 175

Epi-cir cles. See also El lip ses
planetary motion, 11–12
sun-centered universe, 5–6

Epi neph rine, 109
Ero sion of Earth’s sur face

importance of, 51
origins of discovery, 51–52

Es cape ve loc ity
black holes, 141

Ether, 58
Event ho ri zon

black holes, 141
Evo lu tion. See Com plete evo lu tion; Hu man

evo lu tion; The ory of evo lu tion
Ex is tence of cells

cell, definition of, 22
importance of, 21
origins of discovery, 21–22

Ex is tence of plan ets around other stars
importance of, 215
origins of discovery, 215–16

Ex pand ing uni verse
Big Bang theory, 185–86
importance of, 150
origins of discovery, 150–51

Ex per i ments Upon Veg e ta bles, 46

Fall ing ob jects. See Law of fall ing ob jects;
Laws of mo tion
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Fault lines. See also San Andreas fault
importance of, 126
origins of discovery, 126–27

Field data
ice ages, 69

Fis sion. See also Fu sion; Nu clear fis sion
radioactive dating, 119

Fixed-or der lines
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