




ing small currents. He directed work on the first
successful transatlantic cable (there had been two
previous attempts), which became operational in
1866, bringing him considerable personal wealth.
In 1892 he was made a baron, and chose his title
from a small river, the Kelvin, passing through the
university. He was a major figure in the creation of
the Institute of Electrical Engineers. He liked sail-
ing and bought ‘a schooner of 126 × 106 g’ (ie 126 t),
which prompted him to develop navigational instru-
ments; and his large Glasgow house was among the
first to be lit by electricity (in 1881).

As a young man Thomson discovered G Green’s
work, then hardly known, and publicized it; he
found that Green’s and his own theorems gave
valuable mathematical methods for attacking
problems in electricity and in heat.

Thomson did much to develop heat theory. He
heard of Carnot’s work when he was in Paris, but it
was three years before he secured his paper; he
then made its ideas widely known, and used and
developed them further. Thomson proposed in

Thomson, William, 1st Baron Kelvin

1848 an ‘absolute’ scale of temperature now known
as the Kelvin or thermodynamic scale; it is inde-
pendent of particular substances, but corresponds
practically to the Celsius scale with 273.16 K as the
triple point of water, 0°C. The SI unit of tempera-
ture is the kelvin (K). Independently of Clausius he
formulated the second law of thermodynamics,
which states that heat cannot flow spontaneously
from a colder to a hotter body. He worked with
Joule on the relation of heat and work (the first law
of thermodynamics), and also with him found the
Joule–Thomson effect. This is the drop in tempera-
ture shown by most gases when they emerge from
a fine nozzle, as a result of the work done to pull the
mutually attracting gas molecules apart, and it is
the basis of modern methods for cooling gases for
liquefaction. Thomson worked on the theory of the
cooling of a hot solid sphere and applied his theory
to calculate ages for the Earth and the Sun. He rec-
ognized that his method assumed that no continu-
ing heat supply was present: his results were about
10 times lower than present values, which now take

commercial browser, Netscape, made Andreessen
the first Internet billionaire.

Through the vastly improved ease of access to
documents offered by the WWW technologies, not
only has the Internet become standard communica-
tions technology for the world-wide scientific com-
munity, enabling international collaboration on
research hitherto impossible, but also it has brought

everyday benefits. Over 300 million people (in the
year 2000) regularly used the Internet for communi-
cating, finding information, and buying products and
services. E-commerce in 2000 was worth well over
$100 billion per year; a figure which is expected to
grow ten-fold in the next few years, to reach 20% of
global gross domestic product.  

DM

The Agamemnon laying the first completed transatlantic telegraph cable in 1858: it survived for three months. A durable
cable was laid in 1865.
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Ting conducted an experiment at the Brookhaven
National Laboratory synchrotron in which protons
were directed onto a beryllium target, and long-
lived product particles were observed (1974). This
newly discovered particle was named the J particle;
it was observed at the same time and indepen-
dently by B Richter at Stanford, who called it the
psi particle. It is now known as the J/psi particle.
Soon, other related particles of the J/psi family were
detected, and Ting and Richter shared the Nobel
Prize for physics in 1976.

Tiselius, Arne (Wilhelm Kaurin) [tisayleeus]
(1902–71) Swedish physical biochemist: developed
technique of electrophoresis for separating proteins.

Tiselius was a pupil and then assistant to Sved-
berg, and like him had his career in Uppsala, work-
ing mainly on proteins. Since these carry electric
charges, they can be made to migrate in solution by
applying an electric field. Tiselius developed this
method (electrophoresis) to separate proteins, and
the method has since been widely used. He showed
that blood serum proteins can be separated into
four groups of related proteins; they are the albu-
mens and the α-, β- and γ-globulins. He was awarded
a Nobel Prize in 1948.

Todd, Alexander Robertus, Lord (1907–97) British
organic chemist: achieved synthesis of important
natural products, including co-enzymes, ATP and
structural units of DNA.

As a schoolboy in Glasgow, Todd did well in all
subjects except art (he was teased about the inap-
propriateness of his initials) but his enthusiasm
was chemistry, which he studied in Glasgow and
later in Frankfurt. In Oxford with Robinson he
worked on synthesis of the anthocyanins, which
colour plant petals and fruits, and his chemical
interests focused thereafter on organic natural
products. Next in London at the Lister Institute he
devised syntheses of tocopherol (vitamin E) and of
thiamin (vitamin B1): the latter became the preferred
commercial route. He also worked on the consti-
tuents of cannabis resin, ingenuously bringing

into account heat due to radioactivity, which was
not discovered until many years after Thomson’s
early work.

Thomson was an unusual scientist; his energy,
enthusiasm and talent made him dominate British
physics in the later 19th-c and he did much to move
the focus of physics from Europe to Britain. He was
always generous with ideas and in giving credit to
others. His productivity was vast; 661 papers, many
books and patents, covering the whole of physics
(no-one since has ranged so widely) with sundry
excursions into other sciences. He had some oddi-
ties, of course. He detested vector methods and gave
himself much mathematical toil in avoiding them.
He did not normally work on one problem for more
than a month, and his results were worked out in
green pocket books from which he tore sheets for
publication. After his first wife died in 1870 he con-
tinued to have a great flow of ideas in physics, but
he lost the ability to select good ideas from bad, and
he pursued some strange notions (like the theory 
of the ether; and his opposition to the admission of
women to Cambridge). He was probably the first 
scientist to become wealthy through science.

Tinbergen, Nikolaas [tinbergen] (1907–88) Dutch
ethologist: a pioneer in study of animal behaviour.

Tinbergen graduated in zoology at Leiden, and
afterwards taught there, except for 3 years in the
Second World War spent in a hostage camp in occu-
pied Holland. In 1947 he moved to Oxford and
developed there his work on animal behaviour. The
emphasis of this was to examine the patterns of
behaviour shown by animals in natural conditions
as well as in the laboratory; it included work on
digger wasps, arctic foxes, seals, sea birds and
snails. His now-classic studies of the social habits of
herring gulls and the mating of sticklebacks
showed that key elements of behaviour follow a
stereotyped pattern and can depend largely on par-
ticular features. For example, the gull chick pecks
for food at the parent’s beak largely in response to
a red spot on the latter. Also in these gulls,
Tinbergen found that aggression between males is
shown not only by calls but also by gestures, which
in part seem designed to avoid actual fighting and
injury. His wide-ranging work included study of
learning behaviour, animal camouflage, instinct,
and autism and aggression in human beings. He
shared a Nobel Prize in 1973. His elder brother Jan
also shared a Nobel-style Prize, the first awarded by
the Swedish National Bank for economics, in 1969.

Ting, Samuel Chao Chung (1936– ) US physicist:
discovered the J/psi particle.

Ting had an unusual upbringing, he was born in
the USA but educated in China and Taiwan, and
finally at the University of Michigan (1956–62). His
work in elementary-particle physics began at the
European Organization for Nuclear Research in
Geneva (CERN) and Columbia University, where he
became an associate professor at 29. He also led a
research group at DESY, the German synchrotron
project in Hamburg, and from 1967 worked at
Massachusetts Institute of Technology.

S C C Ting



through Customs from India some 2 �� kg of it
donated by the Indian police. When the results of
this work were published this importation dis-
mayed the Drugs Branch of the Home Office, who
also insisted that in future 25 copies of such publi-
cations be sent to the Bureau of Drugs and Indecent
Publications. In 1938 he became professor at
Manchester, where he built up a team of highly
effective co-workers, ‘the Toddlers’. In the Second
World War he worked on war gases, which were
never used in action. Most of the Toddlers joined him
when he moved to Cambridge in 1944. Research
there concerned the colouring matters of aphids;
the relation of vitamins to the co-enzymes into
which they are converted in the body; and the suc-
cessful synthesis of ATP, which is the living cell’s
energy carrier responsible for the conversion of
nutrients into energy-using activity of any kind in
plants and animals. His most important work was
on the nucleic acids (DNA and RNA) where he and
his team devised methods of making the units
(nucleotides) from which the nucleic acids were
later synthesized. This laid essential groundwork
for the results of Crick and Watson in 1953 which
revealed the chemical basis of genetics and so 
created modern ‘molecular biology’.

He went on to attack the problem of the highly
complex and unusual structure of vitamin B12,
which was solved in 1956 by linking Todd’s chemi-
cal results with Hodgkin’s crystallographic studies
of the vitamin. Todd won an unshared Nobel Prize
for chemistry in 1957. Thereafter, while presiding
at Cambridge over Britain’s dominant university
chemical laboratory, Todd was increasingly involved
in advice to governments and associated public
commitments. He was made a Baron in 1962, became
Master of Christ’s College in 1963, President of the
Royal Society in 1975 and a member of the Order of
Merit in 1977. A man of strong opinions (often, but
not always, found to be right) he was known to
some as ‘the Lord Todd Almighty’.

Tombaugh, Clyde William [tombow] (1906–97) US
astronomer: discovered Pluto.

Too poor to attend college,Tombaugh was a keen
amateur astronomer and built his own 9 in (23 cm)
telescope. He was appointed as an assistant at the
Lowell Observatory, Arizona, in 1929, and took over
Lowell’s search for a trans-Neptunian planet; Lowell
had died in 1916. After repeatedly photographing
the sky along the plane of the ecliptic, and checking
for differences between successive photographs with
a blink comparator, Tombaugh finally announced
the finding of the new planet (Pluto) on 13 March
1930. Afterwards he continued the search for possi-
ble further planets, but although he discovered
over 3000 asteroids, he found no other planets.

Pluto, the outermost of the planets, is in several
ways unusual: its orbit is highly eccentric and is
tilted, it is much smaller than the other outer plan-
ets and it has a relatively large satellite, Charon,
with which it is locked in synchronous rotation,
each keeping the same side facing the other. Pluto
is named after the Greek god of the underworld,
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and the name also honours (through his initials)
Percival Lowell, who predicted its existence.

Tomonaga, Sin-Itiro [tomonahga] (1906–79)
Japanese theoretical physicist: a founder of quan-
tum electrodynamics (QED).

Tomonaga graduated in physics at Kyoto Univer-
sity and studied with Heisenberg at Leipzig before
becoming professor of physics at Tokyo (1941) and
then president of the university (1956).

Like others, Tomonaga started to develop a rela-
tivistic theory of the quantum mechanics of an
electron interacting with a photon (1941–3). During
the Second World War, he, Feynman and Schwinger
were unaware of each other’s work, and it was not
until 1947 that it was realized that all three had
arrived independently at solutions to the problem
of linking special relativity with quantum physics,
solutions which were shown to be identical by
Dyson. Tomonaga realized the value of a theory
that could describe high-energy subatomic particles
and he was responsible for the idea that two parti-
cles interact by exchanging a third virtual particle
between them. The interaction is then like the
momentum exchange when one rugby player
passes the ball to another. The resulting theory is
called quantum electrodynamics (QED) and for its
discovery Feynman, Schwinger and Tomonaga
shared the 1965 Nobel Prize for physics.

Torricelli, Evangelista [torichelee] (1608–47) Italian
physicist: inventor of the mercury barometer and
discoverer of atmospheric pressure.

An orphan, Torricelli was educated by the Jesuits
and by B Castelli (1578–1643), for whom he worked
on the dynamics of falling bodies. This led to his
being appointed assistant to Galileo, whom he sub-
sequently succeeded as mathematician to the court
of Tuscany.

Torricelli’s interests covered pure mathematics
and experimental physics; he worked on conic sec-
tions and other curves, deriving the area of the
cycloid. He is best remembered, however, for his
discovery of atmospheric pressure and for his
invention, in 1643, of the mercury barometer. This
appears to have come about from an attempt to
solve the problem of why water could not be
pumped out of a well more than 33 feet (≈ 10 m)
deep. Deducing that the reason was that the atmos-
phere possessed weight and therefore exerted a
pressure, he set about verifying the idea by sealing
a glass tube at one end, filling it with mercury and
inverting it with the open end in a dish of mercury.
He found that the height of the mercury column
fell to about 760 mm, and reasoned that a vacuum
was formed above it; the weight of the column was
being balanced by the weight of the atmosphere. He
later noticed the small daily variations in the
height of the column, which he related to changes
in the weather.

Tour, Charles Cagniard de la see Cagniard de la
Tour.

Townes, Charles Hard (1915– ) US physicist: dis-
covered the theory of the maser and produced the
first working examples.
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to the construction of oscillators and amplifiers
based on the maser–laser principle’.

Trumpler, Robert Julius (1886–1956) Swiss–US
astronomer: discovered interstellar light absorption.

Trumpler was educated at Zürich and Göttingen.
He moved to the USA in 1915, spending most of his
career at the Lick Observatory in California. In
1930, while measuring the distance and size of over
300 open star clusters, Trumpler discovered that
the more distant ones generally appeared to be
larger than the nearer ones. Since there was no
apparent reason for this, he assumed that he was
observing the result of the interstellar absorption
of light by dust grains, and measured the effect to
be a decrease in brightness of approximately 20%
for every 1000 light years travelled by the starlight.
His conclusions had important effects on ideas
about the scale of the universe.

More recent work has shown that starlight is
polarized by the interstellar dust, which implies
that its grains are elongated and partly aligned,
probably as a result of magnetic effects.

Tswett, Michel, also Mikhail Tsvet [tsvet] (1872–
1919) Russian botanist: developed the technique of
chromatography.

The son of a Russian father and an Italian mother,
Tswett was educated in Switzerland and held posts
in Poland and Russia. His research was mainly on
plant pigments and it was to separate these that he
effectively introduced chromatography, although
as with most inventions, precursors of success can
be traced. In 1903 Tswett separated his plant leaf
colours (chlorophyll a and b, carotenes and xantho-
phylls) by passing the mixture, dissolved in light
petroleum, down a column of powdered chalk.
Distinct colour bands developed in the column and
could be easily separated with a knife. By the 1930s
and especially after the Second World War this
method of column chromatography (usually using
alumina) and later its variants – notably ion-
exchange, thin layers, paper chromatography and
gas-liquid chromatography (both the last due to
Martin) – became essential chemical methods.
Chromatography did for chemical analysis what
the computer did for calculation.

Tull, Jethro (1674–1741) English agriculturist and
engineer: his inventions began the mechanization
of crop production.

Tull, educated at Oxford and a qualified barrister,
gave up law for a healthier life as a country farmer.
Agriculture at the time had no tradition of system-
atic experimentation or of mechanization, but the
Enclosure Acts (which made larger plots available)
and new scientific attitudes encouraged change.
Cereal and root crops were still sown broadcast and
weeding was difficult. Tull had visited French vine-
yards and concluded that breaking the soil
between rows of vines to clear weed, aerate and
allow access of water was important. To apply his
ideas to cereal and root crops he invented the seed
drill. This device, drawn by one horse, had three
cutters that made parallel slots in the soil: behind
the cutters, hoppers dropped seed into the grooves

Townes was the son of a lawyer and he completed
his education in 1939, having attended Furman
University, Duke University and California Institute
of Technology. He began work at the Bell Telephone
Laboratories and spent the war years developing
radar-assisted bomb sights. Radar uses microwave
radiation, with a frequency between that of radio
and infrared light. In 1947 he joined the physics
department at Columbia University. He spent
1961–7 at Massachusetts Institute of Technology
and then became a professor at the University of
California at Berkeley.

Beginning as early as 1945, Townes had studied
the absorption and emission of photons when a
molecule goes from one configuration to another.
This involves very precise photon frequencies
because molecular energy states are discrete and
precisely defined. Thus the ammonia molecule
(NH3) may flip between two configurations rather
like an umbrella blowing inside-out, but with the
absorption of a specific microwave frequency, of
1.25 cm wavelength.

In 1951, Townes realized that a wave of photons
could be amplified in a practical way by the spon-
taneous emission process first suggested by
Einstein. That is, if a molecule in the higher energy
state is stimulated by photons of just the correct
frequency, it will fall back to its lower state and
emit another photon of precisely the same fre-
quency or energy. If there are fewer molecules in
the lower energy state to absorb photons than in
the upper state, a net amplification results. He also
recognized that if the wave is reflected back and
forth in a resonant cavity, it interacts with the mol-
ecules for some time, steadily gaining more energy
or amplification and resulting in a coherent output
signal consisting of a wavetrain of extremely well-
defined frequency.

To obtain ammonia with many molecules in the
higher energy state, Townes took advantage of 
molecular beam techniques, separating out a beam
of molecules in a high energy state with a non-
uniform electric field. This ‘population inversion’
method, giving a majority of the high- rather than
low-energy molecules, then provided a working
amplifier and oscillator (1954). It was called a maser
(microwave amplification by stimulated emission
of radiation). A somewhat similar idea was sug-
gested in the Soviet Union by A Prokhorov (1916–
2002) and Basov.

Masers were soon used in atomic clocks and in
sensitive receivers, for example for radio telescopes
and space communications. In 1958 Townes and
Schawlow showed that an optical version of the
maser (the laser, for ‘light amplification by stimu-
lated emission of radiation’) was possible, and dis-
cussed its properties and oscillation theoretically.
The first operating system was constructed, how-
ever, by Maiman (1960), and now many versions are
made.

Townes, Prokhorov and Basov were awarded the
1964 Nobel Prize for physics ‘for fundamental work
in the field of quantum electronics, which had led



and a harrow covered the sown seeds with soil.
With the seed-drill three operations became one.
Tull followed this with an improved horse-drawn
hoe to operate between the rows; and went on to
design improved ‘plows’ for both light and heavy
soils. All were described in his book The New Horse-
Houghing Husbandry (1733); his methods were only
slowly adopted in Europe, but more quickly in
North America. Thanks to Tull’s careful experi-
mentation, crop yields were eventually improved
and food supplies were generally adequate to meet
the needs of the rapid population growth after 1790.

Turing, Alan (Mathison) [tooring] (1912–54) British
mathematician and computer scientist: math-
ematically formalized the concept of the theoretical
computer.

After graduating from Cambridge, Turing was
elected a Fellow of King’s College there in 1935, 
and then spent 2 years in Princeton. In 1937 he
described a theoretical computer in precise math-
ematical terms (the Turing machine), an important
step that formalized the hitherto vague concept of
computability and computable numbers. During
the Second World War he worked on code-breaking,
playing a dominant part in breaking the German
naval code, which enabled the Allies ultimately to
win the crucial Battle of the Atlantic against German
submarines. This work was done at Bletchley Park,
under military control which was sensibly relaxed
on discipline for the civilian cryptanalysts. Had it
been otherwise, the Army would no doubt have
become aware of Turing’s barely concealed homo-
sexuality. Such awareness would have led to Turing’s
removal, which possibly would have cost the Allies
the Second World War.

After the war, he put his ideas on computing into
practice when he supervised the construction of
the ACE (Automatic Computing Engine) at the
National Physical Laboratory, and at Manchester
where he was assistant director of the work on
MADAM (Manchester Automatic Digital Machine).
His work on the design of such machines and the
way in which they could be programmed was of
great significance in the development of the com-
puter, but his concept of an automatic electronic
digital computer with internal program storage
could not be realized until after his death, when
advances in electronics made it possible.

In 1952 Turing attacked the problem of the forma-
tion of shapes and patterns in biology; the range
includes flower patterns, bone symmetry and the
tiger’s stripes. He argued that chemicals diffusing
through tissue and reacting can explain such pattern
formation, and he devised equations that describe a dis-
tribution of reactants that can lead from homogeneity
to pattern formation. These ideas have been much
developed since then, and the problem is far from
solved, but Turing’s work was a valuable starting point.

Turing was also interested in artificial intelli-
gence and developed a useful criterion for an intel-
ligent machine: that it would be able to answer
enquiries over a data-link in a manner indistin-
guishable from a human being.
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Turing was a near-Olympic-standard long-distance
runner. He was also an active homosexual at a time
when this was a criminal offence. In 1952 he reported
to the police that a young male Manchester print-
worker, with whom he was having an affair, was
involved in the theft of some goods from his house.
This was unwise of Turing, because it led foresee-
ably and inevitably to him being charged with gross
indecency, and convicted. He was placed on proba-
tion and required to accept hormone drug treat-
ment. He seemed remarkably unaffected by all of
this, although exasperated by some of the effects of
the drug, but a year after the probation and the
treatment ended, he was found dead in his bed,
with potassium cyanide and a partly eaten apple
nearby. A rather casual inquest concluded that his
death was due to suicide.

Tuve, Merle Antony (1901–82) US geophysicist: a
pioneer of radio techniques for ionospheric studies.

Educated at the University of Minnesota and at
Johns Hopkins University, Tuve was appointed to
the department of terrestrial magnetism at the
Carnegie Institution of Washington in 1926. He is
remembered for pioneering radio techniques for
studying the upper atmosphere. In 1925 he devel-
oped, together with Breit, an early form of radar in
order to determine the height of the ionosphere.

Tuve also investigated long-range seismic refrac-
tion by the Earth’s upper mantle, his results sub-
sequently providing evidence for the theory of
isostasy, the process whereby areas of crust tend to
float in conditions of near-equilibrium on the plastic
mantle.

Twort, Frederick William (1877–1950) British
microbiologist: discovered first virus infection of
bacteria (bacteriophage).

Qualifying in medicine in London in 1900, Twort
became a professor of bacteriology there in 1919;
he was eccentric and reclusive. In 1915 when study-
ing staphylococci he noticed that some cultures
became transparent, and he traced the effect to an
agent which was infecting the cocci. He offered 
several possible explanations for the effect, includ-
ing virus action, and planned to continue the work,
but army service in the First World War inter-
rupted him and he did not take it up again, but
expended much effort in an attempt to show that
pathogenic bacteria were descendants of non-path-
ogenic types. In 1917 F H d’Herelle (1873–1949)
found a similar result with some mixed cultures 
of dysentery bacilli, and named the infective 
agent bacteriophage (‘phage’); vigorous dispute on
priority followed, which was not resolved until
adjudication (in Twort’s favour) by one Professor
Flu of Leiden in the 1930s. Twort’s laboratory and
records were entirely destroyed by German bombs
in 1944. Since the 1950s, these viruses which infect
bacteria have been much studied; many strains
exist, and some have proved of great value in
genetic engineering.

Tyndall, John [tindl] (1820–93) British physicist:
made pioneering studies of heat and the scattering
of light.
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such scattering. Following Rayleigh’s work on the
frequency-dependence of the scattering of light,
Tyndall was the first to realize why the sky is blue:
atmospheric dust particles scatter the shorter
wavelength (blue) components of sunlight to a
greater degree than the longer wavelength (red)
components. His interest in airborne particles led
him to study airborne microorganisms and to sup-
port Pasteur’s arguments against spontaneous
generation in the 1870s. Practical innovations due
to him include an improved fog horn for use at sea,
and the fireman’s respirator.

He died tragically. His devoted wife confused two
medicines he took routinely and gave him an exces-
sive dose of his sleeping draught (chloral); anti-
dotes failed and he died within hours. She survived
him by 47 years.

Tyndall lacked a university education, leaving
school to work as a surveyor and civil engineer in
Ireland. He subsequently studied physical sciences
at Marburg in Germany and became first a pro-
fessor and later director of the Royal Institution. 
He was a talented lecturer and popularizer of 
science.

Tyndall’s early research was on diamagnetism,
but he is chiefly remembered for his studies of heat.
He measured the thermal conductivity of crystals
along their different axes, investigated the effect of
radiant heat on gases and made pioneering studies
of glaciers (he was also one of the first men to climb
the Matterhorn). His studies of the scattering of
light by fine particles in the air and in liquids
resulted in his discovery in 1859 of the Tyndall
effect, whereby a beam of light is made visible by
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Uhlenbeck, George Eugene [ulenbek] (1900–88)
Dutch–US physicist: discovered that electrons 
possess spin.

Uhlenbeck emigrated to the USA once he had
completed his PhD at Leiden (1927), and worked at
the University of Michigan (1927–60), where he
became professor of theoretical physics in 1939.
From 1960–74 he held a post at the Rockefeller
Medical Research Center in New York.

In 1925 Uhlenbeck and Goudsmit collaborated
on an experiment whereby a horizontal beam of
silver atoms was split by a vertical magnetic field
into two components. This occurred because the
electrons in the silver atoms possess ‘spin’, the
name arbitrarily given to their property of having
half a quantum unit of momentum directed either
up or down in the applied magnetic field. The
result was that the silver atoms were deflected
according to their spin. This was the first observa-
tion of this purely quantum mechanical effect, and
was an early piece of evidence that the new quantum
mechanics was both necessary and correct.  

U

THE ORIGIN OF LIFE ON EARTH:
AN UNSOLVED PROBLEM

There is now a consensus of informed opinion on
some important dates in the Earth’s history. Several
lines of astronomical evidence point to the ‘Big
Bang’, the high-temperature, high-density event
when the universe began, as occurring roughly 15
billion years ago. Then about 4.5 billion years ago,
the Sun and then the Earth formed, essentially by the
accretion of dust and small particles, and without
living forms of any kind for its first billion years.
About 3.5 billion years ago, life appeared: the oldest
known fossilized microorganisms, found in datable
rock formations in Western Australia, are of that age.
So began life on Earth, with its defining characteris-
tic, the ability to replicate itself through the storage
and passing on of genetic information from genera-
tion to generation. Rather slowly the first primitive,
single-cell microorganism led, through evolutionary
changes that are now understood in outline, to the
whole range of multicell plants and animals known
today. Modern man and woman (Homo sapiens) is
about 50 000–100 000 years old.

PASTEUR’S work in the 1860s established that
‘spontaneous generation’ of life does not occur in
laboratory conditions, although his experiments did
not exclude all possibility. He ‘did not think it impos-

sible’ in 1878 and DARWIN in 1871 had speculated
that protein, a characteristic chemical type found in
all living things, might have originated in ‘some
warm little pond’. In the early 1900s ARRHENIUS sug-
gested that life on Earth might have begun through
the arrival of organisms from elsewhere in the uni-
verse (the theory of ‘panspermia’) and in the 1970s
this proposal was revived by HOYLE, but has found
little support.

A valuable proposal was made by the Soviet bio-
chemist OPARIN and independently by HALDANE, who
argued that the early atmosphere of the Earth con-
tained little free oxygen (O2), and that this was gener-
ated much later as a result of photosynthesis by
green plants, a view now generally accepted.

By the 1950s a good deal of information more or
less relevant to the problem of the origin of life had
been accumulated. For example, reasonably well-
based estimates of the origin, age and composition of
the universe and of the solar system and of the Earth
were available, and a range of simple organic com-
pounds (but none characteristic of living forms) 
had been identified in the dust and gas of space
beyond Earth’s atmosphere and in meteorites arriv-
ing on the Earth’s surface from the outer parts of the
system.

In 1952 UREY argued that the important energy
source for early geochemical and prebiotic 

George Uhlenbeck (left) and Samuel Goudsmit (fore-
ground) in 1926.



Urey, Harold Clayton

358

afterwards in the work on securing tritium for 
the H-bomb. The same expertise led him to an 
ingenious way of measuring the past temperature
of the oceans, and to ideas on the origin of the 
Earth and life upon it. He believed that the Earth
was formed by the cold accretion of mainly 
metallic particles and that it had a primitive reduc-
ing atmosphere; and that the Moon was formed
separately. Later work has given broad support for
his views, developed by 1952; and the next year
Miller in Urey’s laboratory carried out successful
experiments on the synthesis of organic compounds
from an atmosphere on the Urey model. Urey won
a Nobel Prize in 1934. His introduction of isotopi-
cally labelled compounds has been of immense
value in chemistry, physics, biology and medicine.

Urey, Harold Clayton [yooree] (1893–1981) US
physical chemist: pioneered isotope separation
methods and their application.

Although originally a graduate from Montana in
zoology, Urey soon turned to chemistry, first in
industry and then at university, and following a
year with Bohr he afterwards spent his career in
chemical physics at four US universities. In 1932 he
isolated deuterium, the heavy isotope of hydrogen,
and went on to devise a large-scale process for
obtaining heavy water (D2O) by electrolysis, which
slightly concentrates it, and to examine a range of
deuterium compounds. His expertise on isotope
separation gave him a critical role in the Second
World War in the atomic bomb project (which
required the separation of uranium isotopes) and

chemical reactions was very probably the stream of
solar ultraviolet radiation, together possibly with
lightning discharges and meteor impacts; and that
the early (‘primordial’) Earth’s atmosphere was com-
posed mainly of CH4, NH3, H2 and H2O. The next year
his co-worker S L MILLER passed electric discharges
through this mixture and showed that within a week
an impressive range of organic molecules was
formed, including no fewer than 25 amino acids.
Amino acids react rather easily together to form
protein, whose presence is so ubiquitous in living
systems.

However, the discovery by CRICK and WATSON (also
in 1953) of the double helix of the nucleic acid DNA as
the key material forming the genes, a discovery which
effectively created the new science of molecular
biology, generated a new difficulty for theorists of the
origin of life. By 1958 Crick laid down the ‘central
dogma’ of the new science: that the direction of flow
of chemical synthesis in living systems is one-way and
irreversible, in the sense: ‘DNA makes RNA, and RNA
makes protein’. (Exceptions to this have proved to be
rare, but cases are known: the retroviruses contain
RNA as the genetic molecule, and this makes the more
complex DNA, a reversal of the general rule.)

So the idea that a thin ‘primordial soup’ of amino

acids, leading perhaps to proteins and on to the 
simplest living cells, could form a satisfactory model
for the origin of life, is clearly unsatisfactory. In any
case, as A G Cairns-Smith pointed out, it is hard to
see how a thin soup could organize its amino acids
and proteins in a way describable as ‘life’ rather than
merely undergoing unfruitful chemical interactions.

Despite much effort by many investigators (theo-
rists, analysts and experimentalists), the question of
how life originated remains very open indeed. There
is fairly widespread belief that the simpler class of
nucleic acid, RNA, probably formed at an early stage
in the path to the first, and doubtless very simple,
living cells. From RNA, it is not difficult to see in
general terms how protein and then simple cells may
have developed; and thereafter, evolution may have
followed a broadly understood network of increasing
complexity. But how did the RNA, a rather complex
biopolymer, originate? A credible route to it from the
fairly simple organic molecules that might have been
available has yet to be devised.

The mystery remains. It may prove to be unsolv-
able, permanently. Likewise the question of whether
life only exists on Earth and if not, whether it began
here or came here, may be unanswerable.

IM



van Leeuwenhoek, Antony see Leeuwenhoek
van ’t Hoff, Jacobus Henrikus see Hoff
Van Vleck, John (Hasbrouck) (1899–1980) US

physicist: a major contributor to modern theories
of magnetic systems.

Van Vleck’s father and grandfather were both
eminent mathematicians. Van Vleck emerged from
study at Wisconsin and Harvard to take up a post at
Minnesota in 1923. He later returned to chairs at
Wisconsin and Harvard.

Van Vleck largely founded the modern theory of
magnetism, taking Dirac’s quantum mechanics
and working out the implications for the magnetic
properties of atoms. In 1932 he published The Theory
of Electric and Magnetic Susceptibilities, which laid out
the theory and which remains in use today as a clas-
sic text. In it the paramagnetic properties of atoms
are discussed; the temperature-independent sus-
ceptibility is now called Van Vleck paramagnetism.

He also studied chemical bonding in crystals and
developed the crystal field and ligand field theo-
ries. These allow one to predict and explain some
features of magnetic, electrical and spectroscopic
properties of metal compounds. Furthermore, 
Van Vleck explained how local magnetic moment
formation is assisted by electron correlation (the
interaction between the motion of electrons). His
wartime work resulted in showing how water and
oxygen in the atmosphere give rise to absorption of
radar signals, and was important in devising useful
radar systems.

Van Vleck has been described as ‘one of the few
true gentlemen and scholars’; he was a quiet man
with charm. In 1977 his pioneering research was
recognized with a joint award of the Nobel Prize for
physics.

Vauquelin, Louis Nicolas [vohkl~i] (1763–1829)
French analytical chemist: discoverer of chromium
and beryllium.

As a boy Vauquelin worked in the fields with his
peasant father; he did well at school, and at 14 was
sent to work in an apothecary’s shop, at first in
Rouen and then in Paris. Soon the chemist A F de
Fourcroy (1755–1809) heard of his enthusiasm for
chemistry and took him on as an assistant, and
later as a friend and co-worker. Vauquelin rescued
a Swiss soldier from a mob during the French
Revolution, and as a result had to leave Paris in
1793; but he soon returned and in 1809 he suc-
ceeded Fourcroy as professor there.

In 1797 he examined the rare, brilliant orange
mineral crocoite and discovered in it a new metal,
which he named chromium. Crocoite is actually
lead chromate, PbCrO4; Vauquelin obtained Cr2O3
from it and, by strongly heating this with charcoal,
secured the metal as a powder. The next year he
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Van Allen, James (Alfred) (1914– ) US physicist:
discovered the magnetosphere (the Van Allen radi-
ation belts).

Van Allen was educated at Iowa Wesleyan College
and the University of Iowa. During the Second
World War he served in the US Navy, helping to
develop the radio proximity fuse for missiles and
anti-aircraft shells. Afterwards he worked at Johns
Hopkins University, and was appointed professor of
physics at the University of Iowa in 1951.

Van Allen’s contributions, to a large extent,
reflected his war-time experiences with rocketry
and miniaturized electronics. After the war he used
left-over German V-2 rockets to carry instruments
to measure cosmic radiation into the upper atmos-
phere, and in 1958 put a Geiger radiation counter
on the first American satellite, Explorer 1. This and
later Explorer satellites revealed a region of high
levels of radiation at a height of several hundred
kilometres above the Earth. More detailed investi-
gation has since shown that there are in fact two
toroidal (doughnut-shaped) belts, which are cre-
ated by charged particles (electrons and protons)
from the Sun being trapped by the Earth’s mag-
netic field. These Van Allen radiation belts consti-
tute the Earth’s magnetosphere.

van Beneden, Edouard see Beneden
Van de Graaff, Robert (Jemison) (1901–67) US

physicist: invented the Van de Graaff generator.
Van de Graaff had a varied education, studying

engineering at the University of Alabama and
physics at the Sorbonne, where he was attracted to
particle physics by Marie Curie’s lectures, and
Oxford. On returning to the USA in 1929 he worked
at Princeton and the Massachusetts Institute of
Technology, becoming associate professor of physics
at the latter in 1934.

While a research student at Oxford, Van de Graaff
realized that the conventional means of generating
static electricity, the Wimshurst machine, could be
greatly improved by storing the charge on a hollow
metal sphere. In 1929 his first model of the Van de
Graaff generator achieved potentials of up to 80 kV,
and he subsequently built versions capable of gen-
erating millions of volts. The Van de Graaff genera-
tor has been an important tool in atomic and nuclear
physics for accelerating charged particles, and in
medical and industrial X-ray equipment where
high voltages are required. In 1960 Van de Graaff
resigned his post at MIT to become chief scientist at
the High Voltage Engineering Corporation, a com-
pany he had formed in 1946 to develop and market
such devices.

van de Hulst, Hendrik Christofell see Hulst
van der Waals, Johannes Diderik see Waals
van Helmont, Jan Baptista see Helmont
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measurements by the conventional pendulum
technique impossible. Vening Meinesz realized
that a submarine might provide a sufficiently
stable base and, with the assistance of the Dutch
navy, he made the first marine gravity determina-
tions in the Pacific in 1923, finding that he could
obtain results consistent within 1 mgal, compara-
ble with land-based measurements, using three
pendulums in an ingenious cradle. From the mea-
surements made during a total of 10 such voyages
Vening Meinesz discovered a belt of negative gravity
anomalies beneath the deep submarine trenches
associated with island arcs. He correctly inter-
preted this as being due a subduction zone, ie a
compressive down-buckling of the oceanic crust
below the continental crust. He did not support ideas
on continental drift, but when this became estab-
lished his results fitted in with modern tectonic
plate theory.

Venter, Craig (1945– ) US molecular biologist:
head of Celera Genomics; a dynamic contributor to
elucidation of the human genome.

Venter grew up to be a high-school drop-out at 17
whose time was spent swimming, surfing, boat-
building and sailing in San Francisco Bay (his par-
ents had met in the Marines), until call-up in 1965.
Briefly a naval swimming instructor, he came high-
est in an IQ test of 35 000 conscripts, scoring 144,
and was rewarded by a four-month course in basic
medicine, before service as an orderly in a naval
hospital. The brutal experience of the Vietnam War
led him to study biochemistry, physiology and
pharmacology on his release in 1968; he achieved a
doctorate in minimal time (six years) and became a
molecular biologist impatient to see the subject
advance, and was soon working at NIH in Maryland
which was involved in the HGP from its inception
in 1990. He was there until 1992, and after that
headed genome research in the ‘commercial sector’
which aimed to patent some genetic information
even when its possible clinical applications were
unknown; an approach strongly opposed by
Watson, Sulston and others, and antipathetic to
the HGP ‘free access’ philosophy. In 1992, using
novel methods he had devised for rapid sequenc-
ing, Venter obtained the first complete genome for
a free-living organism, the bacterium H. influenzae,
with 1743 genes. Thereafter, elucidation of the
human genome (with many more genes) was seen
as clearly achievable; targets were set (NIH in 1993
planned for success by 2005) and a clear competition
between the ‘private’ and ‘public’ (ie Human Genome
Project, or HGP) organizations was apparent, though
at times denied.

Automated sequencing machines using capillary
electrophoresis, and massive computing power to
use the overlaps in DNA fragments to solve the
jigsaw-like problems of deducing larger sequences
from overlaps, opened the way to solving the prob-
lems of the genome in months rather than years.
The ebullient, risk-taking Venter exploited these
techniques in his company, Celera Genomics of
Rockville, MD. By June 2000 an armistice between

studied specimens of the minerals beryl and emer-
ald sent to him by the mineralogist Haüy, who sus-
pected from their crystal forms that they were
chemically identical. Vauquelin proved that this
was correct and that emerald owes its green colour
to traces of chromium; both minerals are beryllium
aluminosilicate. He realized that a new metal (beryl-
lium) was present, which he was not able to isolate;
this was achieved in 1828 by Wöhler. Vauquelin
was also the first to isolate an amino acid; this was
asparagine, which he got from asparagus.

Vavilov, Nikolai Ivanovitch [vavilof] (1887–1943)
Russian botanist and plant geneticist: a pioneer of
cross-breeding to improve crops. (Photograph on p. 365)

Trained in Moscow and with Bateson at the John
Innes Horticultural Institute at Merton in Surrey,
Vavilov returned to Russia in 1914 and quickly rose
to become, by 1920, director of the All Union
Institute of Plant Industry, controlling over 400
research institutes in the USSR with 20 000 staff by
1934. Between 1916 and 1933 he led plant-collect-
ing expeditions all over the world, the intention
being to conserve and use the valuable genetic
resources in wild and cultivated plants on which
crop improvement depends. He devised useful the-
ories on where centres of genetic diversity are to be
found by plant hunters. His programme was very
successful, his collection of new plants reaching
250 000 by 1940; it was the largest-scale enterprise
of its kind and the model for later work of this sort.
Vavilov supported the ideas in genetics due to
Mendel and to Morgan, and this was to prove fatal.
The politically active Marxist botanist T D Lysenko
(1898–1976), who had reverted to a Lamarckian
view, resented his success; Vavilov was arrested in
1940 while plant collecting, charged with ‘right-
wing activities’ and sentenced to death after a 5-
minute trial; his name was erased from all records.
He died about 2 years later of starvation in a labour
camp, an ironic fate for the man who did most to
feed Russia during the war by improved agricul-
tural methods. His seed collections were largely
eaten during the siege of Leningrad. At present he
is re-recognized in Russia and the Vavilov Institute
is named in his honour.

Vening Meinesz, Felix Andries [vayning miynes]
(1887–1966) Dutch geophysicist: pioneer of subma-
rine gravity measurements.

After graduating in engineering from the Tech-
nical University of Delft in 1910, Vening Meinesz
worked on a Government gravity survey of the
Netherlands. In 1927 he was appointed professor
extraordinary of geodesy, cartography and geo-
physics at Utrecht, and also professor of geophysics
at Delft. His life-long interest was in gravity and the
deductions he could make from its accurate mea-
surement.

Gravity determinations can yield useful informa-
tion about underlying geological structure, but
very accurate measurements are necessary since
the variation in gravity is small. However, for the
majority of the Earth’s surface, that covered by 
the oceans, the lack of a stable platform makes



Celera led by Venter, and the HGP groups centred
on the Sanger Centre in Cambridge, England and
led by Sulston, allowed publication of a ‘working
draft’ of the human genome, and comparison of
the contributions the ‘private’ and ‘public’ teams
had made. Further rapid progress followed to check
and complete the sequencing, to locate the genes
within the DNA chains (which contain much appar-
ently redundant sequenced material), and to find
ways in which this wealth of new knowledge (the
‘blueprint for the human being’) can provide bene-
ficial uses.

Vernier, Pierre [vairnyay] (1584–1638) French math-
ematician and engineer: devised a precision mea-
suring scale.

Vernier worked as a military engineer in Spain.
Requiring an accurate method of measuring small
distances for map-making, he devised in 1631 a pre-
cision scale, consisting of a movable part with nine
divisions which slid past a fixed part with 10 divi-
sions. Observing where the two marks on the two
scales most closely coincide effectively adds another
decimal place to the accuracy of the measurement.
The method is a refinement of a multiple-scale
device invented by the 16th-c Portuguese math-
ematician Pedro Nuñez (1492–1577).

Vesalius, Andreas (Lat), Andries van Wesel (Flemish)
[vuhzayliuhs] (1514–64) Flemish anatomist: the
founder of modern anatomy.

A pharmacist’s son, Vesalius studied medicine at
Louvain, Paris and Padua. He did well, and was
made professor of anatomy and surgery at Padua
when he was 24. His first lectures were novel; he
carried out dissections himself, instead of leaving
this to an assistant while reading from a text book
as was usual; and he used drawings to help his stu-
dents. During the next four years, he was busy with
his research on anatomy based on human dissec-
tion. His results were published in De humani cor-
poris fabrica libri septem (1543, The Seven Books on
the Structure of the Human Body), which included

Vine, Frederick John

descriptions and fine woodcuts, some by himself
and the rest made under his direction. The book set
a completely new level of clarity and accuracy in
anatomy and made all earlier work outdated. Many
structures are described and drawn in it for the
first time (eg the thalamus) and the book also broke
with tradition by its critical view of earlier work (eg
Vesalius notes that he was unable to find a passage
for blood between the ventricles of the heart, as
Galen had assumed). At 29, with his master-work
published, Vesalius became a court physician, at
first to Charles V and then to Philip II of Spain. His
research largely ceased. He found that Spanish doc-
tors were Galenists who were hostile and jealous,
and he tried to recover his job in Padua. To leave
Spain he needed Philip’s permission, which he got
by proposing a pilgrimage to Jerusalem. He proba-
bly got his job on the way to Jerusalem, but died on
the return journey, in Greece.

Viète, François [vyet] (1540–1603) French math-
ematician: made many early contributions to 
algebra.

Viète grew up in the Poitou region of France, and
in 1556 entered the University of Poitiers to study
law. While practising law between 1560 and 1564
he took up cryptography and mathematics as hob-
bies; the former was useful when he moved to Paris
in 1570 and became a court official to Charles IX.
The persecution of the Huguenots forced him to go
into hiding from 1584, and during this time he
absorbed himself in mathematics and did work of
historic importance.

After 5 years Henri IV succeeded Charles and
Viète returned to the royal court. In the war against
Spain, Viète broke the Spanish secret cipher, allow-
ing intercepted dispatches between Philip II of
Spain and his embassy to be deciphered. He was dis-
missed from the court in 1602 and died shortly
afterwards.

Viète’s mathematical research was in algebra,
which he applied to solve geometrical problems. He
used letters to denote constants as well as variables,
and he introduced the terms ‘coefficient’ and ‘neg-
ative’. Using algebraic methods he solved a prob-
lem that dated back to the Greek Apollonius, that
of constructing a circle touching three given circles.

Viète published a systematic account of how to
solve problems in plane and spherical trigono-
metry, making use of all six trigonometric func-
tions for the first time. The cosine law for plane
triangles and the law of tangents were included. He
also discovered a new and elegant solution to the
general cubic equation using trigonometric multi-
ple-angle formulae. The familiar relations between
the positive roots of an algebraic equation, its coef-
ficients and the powers of the unknowns are also
due to Viète. Always he preferred to establish his
identities and his proofs algebraically rather than
geometrically, thereby setting a trend.

Vigneaud, Vincent Du see Du Vigneaud
Vine, Frederick John (1939– ) British geologist:

co-discoverer of magnetic anomalies across mid-
ocean ridges.Andreas Vesalius
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Virtanen, Arthuri Ilmari

aided by the improvements in microscopes after
1850 and the introduction of the microtome for
making thin sections and dyes for selective stain-
ing. Modern pathology begins with him, and he
became Germany’s leading medical scientist.

Pasteur was his near-contemporary; however,
Virchow did not enthuse over the germ theory of
disease. He saw disease as a continuous change in
the cells, rather than as a result only of an invasive
agent (we now recognize diseases of both types, of
course). Similarly he saw the theory of evolution as
a hypothesis only and voted against its inclusion in
school biology.

He was an enthusiast for anthropology and
archaeology and worked on the 1879 dig to discover
the site of Troy. In practical politics, his efforts in
public health in Berlin led to improved water and
sewage purification.

Vleck, John (Hasbrouck) Van see Van Vleck
Volta, Alessandro (Giuseppe Anastasio),

Count (1745–1827) Italian physicist: the inventor
of the electric battery.

Born in Como of an aristocratic family devoted to
the Church, Volta was professor of natural philoso-
phy at Pavia (1778–1818) and, after some political
turbulence, became rector of Pavia. Highly reli-
gious, but not prudish, a friend records that he
‘understood a lot about the electricity of women’.

Following Galvani’s discovery in the 1780s that
an electric spark, or contact with copper and iron,
caused a disembodied frog’s leg to twitch, Volta
(who had long studied electricity) was interested in
finding the cause of the phenomenon. Experiment
showed him that an electric current could be gen-
erated by bringing different metals into contact
with one another. In 1799 he succeeded in con-
structing a battery consisting of metal discs, alter-
nately silver and zinc, with brine-soaked card
between them. This voltaic pile produced a steady
electric current and was the first reliable source of
electricity. Volta did little further work on the
device, but it was to transform the study of the sub-
ject and was invaluable to men such as Nicholson,
Davy and Faraday. It also laid to rest the contem-
porary theory that animal tissue was somehow 

After graduating from the University of Cam-
bridge in 1965, Vine spent 5 years at Princeton before
returning to England in 1970, becoming reader and
later professor of environmental science at the
University of East Anglia. In 1963, whilst a research
student under the supervision of Matthews, Vine
showed that the oceanic crust on either side of a mid-
ocean ridge was remanently magnetized in alter-
nately normal and reversed polarity in bands
running parallel to the ridge. This, they argued, was
consistent with the sea-floor-spreading hypothesis
proposed by H H Hess the year before, and was seen
as powerful support for Hess’s hypothesis (see
Matthews). Vine became professor of environmen-
tal sciences at the University of East Anglia in 1970.

Vine and Matthews’s work, combined with the
idea of continental drift, effectively created the
major concept of plate tectonics.

Virtanen, Arthuri Ilmari (1895–1973) Finnish bio-
chemist.

Virtanen studied science at Helsinki, and after
graduation concentrated on biochemical topics
during further study in Zurich and Stockholm.
Back in Helsinki from 1920, he was professor of 
biochemistry there from the 1930s, and in 1948
became President of the Finnish State Academy of
Science and Arts. His research was initially on bac-
terial fermentation reactions of glucose, which he
showed followed similar initial paths even when
the final products differed. The fermentation of
dihydroxyacetone by E.coli to give glycerol and glyc-
eric acid was the first fermentation reaction to be
elucidated chemically from beginning to end, in
1929.

From 1925 he studied the nitrogen-fixation reac-
tion associated with leguminous plants; vitamin
formation in plants; and the atypical amino acids
and organosulphur compounds found in plants.
His work in applied dairy chemistry led to improve-
ments in silage-making, fodder preservation and
vitamin content in dairy products. He won the
Nobel Prize for chemistry in 1945.

Virchow, Rudolf (Ludwig Carl) [feerkhoh] (1821–
1902) German pathologist and anthropologist:
founder of cellular pathology.

Virchow graduated in medicine at Berlin, and
then secured a junior post in Berlin’s great hospi-
tal, the Charité. He was a skilful pathologist who
recognized leukaemia in 1845 and went on to study
thrombosis, embolism, inflammation and animal
parasites. He was always politically active, and his
liberal sympathies in the unrest of 1848 helped to
lose him his Berlin post; but Würzburg gave him
another and 7 years later he returned to Berlin as
professor of pathological anatomy. He remained 
in politics and, as a Reichstag member, opposed
Bismarck so forcefully that the latter challenged
him to a duel in 1865; Virchow managed to avoid
this. In the 1850s Virchow took up Schwann and
Schleiden’s cell theory with enthusiasm, and
applied it to pathology; he saw disease as originat-
ing in cells, or as the response of cells to abnormal
conditions. His ideas led to much fruitful work, Alessandro Volta: with his 'voltaic pile' in the background.
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Panel: The development of the computer

THE DEVELOPMENT OF 
THE COMPUTER

Computers today are used to perform a dazzlingly
wide range of functions and have become indispens-
able to modern life. Although most of their develop-
ment in their current electronic form has happened
over the past 20 years, they have their origins in the
mechanical calculating machines of the 17th-c.
Calculating machines are a very primitive form of
computer in that they can only perform one arith-
metic operation at a time, whereas computers can be
programmed to perform a whole sequence of opera-
tions, using the answers from the first calculation as
the input to the second and so on. This makes them
infinitely more powerful than the humble calculator.

Among the first calculating machines were the
1624 ‘calculating clock’ of Wilhelm Schickard
(1592–1635), which could perform addition and sub-
traction, PASCAL’S calculator of 1642 and that of
LEIBNIZ in the 1670s. Although Leibniz’s invention
used a stepped gear principle which became common
in future designs, all of these were essentially curiosi-
ties rather than practical machines. In 1820 Thomas
de Colmar (1785–1870) made a practical calculator
which partially mechanized all four basic arithmetic
operations, and in 1875 another major advance was
made with the invention by the American Frank
Baldwin (1838–1925) of the pinwheel, a gearwheel
with a variable number of teeth. These developments
led in turn to perhaps the zenith of mechanical calcu-
lator technology, the ‘comptometer’ of Dorr Felt
(1862–1930) in 1885, which was a reliable desktop
calculator with the convenience of entering numbers
by striking keys as on a typewriter. The comptometer
became a standard office calculating machine until it
was superseded by electronic devices in the 1970s.

While these were the forerunners of today’s calcu-
lators, they still lacked the essential ability of the
computer to perform a sequence of operations auto-
matically. The first attempt at that was made by
BABBAGE in 1834, who conceived, but never built, an
‘analytical engine’ capable of executing any series of
arithmetic operations input via punched cards and to
print the answer. Sadly, and despite substantial
financial backing and ingenious design, Babbage
never saw any of his machines completed, and many
of his ideas were subsequently reinvented by the pio-
neers of electronic computers in the 1940s. However, 
Babbage’s machine was to store its instructions on
punched cards, and this concept was turned into
reality in the 1890s by HOLLERITH, who developed the
idea into a practical means of storing data that could
be read by mechanical calculating machines (for the
American census, in his case). Hollerith went on to
found a company to market his inventions, which
subsequently grew to become IBM.

Even with data storage, mechanical calculating
machines were far too slow to be of much practical
value, and DE FOREST’S invention of the thermionic
triode in 1907 sowed the seeds for a potentially much
faster type of electronic calculator. A number of tran-
sitional machines marked the passage from mechani-
cal devices to purely electronic machines, such as
those of Konrad Zuse (1910–95), who between 1938
and 1945 used mechanical parts and electromechani-
cal relays to make several automatic programmable
calculators. In 1943 Howard Aiken (1900–73)
devised a giant, electrically driven mechanical calcu-
lator, the Harvard Mark 1, which helped demonstrate
that large-scale automatic calculation was possible.

It took the stimulus provided by the Second World
War, however, together with the development at that
time of the thermionic valve as a reliable and mass-
produced device (for radio and radar), to open up a new
range of possibilities for electronic machines. Many 
scientists and engineers made simultaneous develop-
ments in the history of the computer around this time.
Colossus, a British computer designed in 1943 specifi-
cally for code-breaking work, first established the 
practical large-scale use of thermionic valves in com-
puters, and the American ENIAC (Electronic Numerical
Integrator And Computer) built in 1945 by John
Mauchly (1907–80) and John Presper Eckert (1919–95)
was designed to compute ballistics tables for the US
army. Also involved in the ENIAC project was the math-
ematician VON NEUMANN, who went on to formalize the
two essential components of the modern stored-
program computer – a central processing unit (CPU)
and the ability to hold the results of calculations in
memory and use them in subsequent operations.

After the war many of these experimental
machines began to be developed into commercial
computers. In Manchester the first electronic stored-
program machine was run in 1948, and a collabora-
tion with the Ferranti Company resulted in a number
of computers such as Pegasus (1956), Mercury (1957)
and Atlas (1962). In Cambridge, WILKES built the
EDSAC computer in 1949, which was developed in
1951 via a collaboration with the J Lyons Company
into the first machine designed exclusively for busi-
ness use, LEO (Lyons Electronic Office). In 1946 at the
National Physical Laboratory, London, TURING, a
mathematician who had been involved in the
wartime code-breaking work at Bletchley Park,
designed ACE (Automatic Computing Engine). First
run in 1950, ACE was commercialized as DEUCE by
the General Electric Company in 1955. In the USA,
Eckert and Mauchly founded the first electronic com-
puter business, and in 1951 produced their first
UNIVAC computer. This was used to correctly predict
the results of the US presidential election the follow-
ing year, a widely televised feat which did much to
popularize the computer.
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and became one of the most eminent mathema-
ticians of his day. Educated at the Universities of
Budapest, Berlin and Zürich, he moved to the USA
in 1930.

Aside from his work in mathematics (he was pro-
fessor of mathematics at Princeton 1933–55) Von
Neumann is principally remembered for his contri-
butions, during and after the Second World War, 
to the development of electronic computers. He is
widely credited with the concept of the ‘stored-pro-
gram computer’, whose two essential components
are a memory in which to store information and a
control unit capable of organizing the transfers
between the different ‘registers’ in memory in accor-
dance with a program also stored in memory. All
modern computers work on this principle, and are
sometimes called ‘Von Neumann machines’. The
credit for the work (which was carried out in wartime
secrecy) is now recognized not to be entirely his, how-
ever, and ought more properly to be shared with
others in the development team.

He also participated in the American atomic bomb
project (the Manhattan Project) and, together with
others, developed the ‘high explosive lens’ that was
essential to its success. In later years he became a
leading proponent of nuclear power.

He founded the theory of games in 1926: its focus
is to model strategies leading to success in situations
involving chance or free choices, which by 1944 he
applied in economics and which has since been
used widely in this and other social sciences, and in
military applications. (See panel on p. 363.)

von Sachs, Julius see Sachs
von Siemens, (Ernst) Werner see Siemens
von Szent-Györgi, Albert see Szent-Györgi

necessary for the generation of electricity. Volta was
given the title of Count by Napoleon, who invaded
Italy in the 1790s and who had become very inter-
ested in electricity and correctly foresaw its impor-
tance to science. The SI unit of electric potential, the
volt (V), is named after him. If the work done in caus-
ing one coulomb of electric charge to flow between
two points is one joule, then the potential difference
between the points is one volt.

von Baer, Karl Ernst see Baer
von Baeyer, Adolf see Baeyer
von Behring, Emil (Adolf) see Behring
von Braun, Wernher Magnus Maximilian see

Braun
von Euler, Ulf Svante see Euler
von Fehling, Hermann Christian see Fehling
von Fraunhofer, Josef see Fraunhofer
von Frisch, Karl see Frisch
von Guericke, Otto see Guericke
von Haller, Albrecht see Haller
von Helmholtz, Hermann (Ludwig Ferdinand)

see Helmholtz
von Hofmann, August Wilhelm see Hofmann
von Humboldt, (Friedrich Wilhelm Heinrich)

Alexander, Freiherr (Baron) see Humboldt
von Kármán, Theodore see Kármán
von Klitzing, Klaus see Klitzing
von Laue, Max (Theodor Felix) see Laue
von Liebig, Justus, Freiherr (Baron) see Liebig
von Naegeli, Carl Wilhelm see Naegeli
Von Neumann, John (János) [noyman] (1903–57)

Hungarian–US mathematician: suggested the con-
cept of the stored-program computer.

Born in Budapest the son of a Jewish banker, Von
Neumann was a mathematical prodigy as a child

The next step forward came in the early 1960s
with the transistor, invented by SHOCKLEY, BARDEEN

and BRATTAIN in 1947, which began to be utilized to
make a new generation of compact and relatively
power-efficient machines. Even so, computer circuit
boards were so large that their size and complexity
limited overall speed and performance. In 1958 Jack
Kilby (1923– ) of Texas Instruments established that
a number of transistors could be manufactured on
the same block of semiconductor material, and the
following year Robert Noyce (1927–90) of rival
Fairchild Semiconductors devised a way of intercon-
necting and integrating such components to form an
integrated circuit, or ‘microchip’. The next stage was
to put most of the essential components for a com-
plete computer on a single chip, and the resulting
‘microprocessor’ was announced by Intel Corporation
in 1971. This led to the pocket-sized calculators of
the early 1970s and to the development of the
desktop personal computer in 1977.

Subsequent development in computer hardware
has largely been one of continued refinement and
miniaturization of the microprocessor components,

with doubling of speed and decreasing price becom-
ing routine. Recent developments in computing have
increasingly focused on the software that runs on the
computer, rather than the hardware itself.
Developments such as the graphical user interface
(GUI), pioneered by Apple Computer, Inc., have made
sophisticated computer systems accessible and
useful to many people. In areas such as in engineer-
ing, advanced visualization techniques that use 3D
colour graphics to interactively display and analyse
problems have become commonplace. The develop-
ment of high-capacity data-storage devices such as
CD-ROM and DVD has opened up another role for 
the computer in publishing and education, and the
current development of fast public information 
networks and multimedia promises yet more uses,
which will combine the traditional roles of computer,
television and telephone. Today the ‘computer’ effec-
tively embraces a host of devices and applications
based on microprocessor technology, and few are
used just for computing. 

DM



von Wassermann, August see Wassermann
von Weizsäcker, Carl Friedrich, Freiherr (Baron)

see Weizsäcker
Vries, Hugo de [duh vrees] (1848–1935) Dutch plant

physiologist and geneticist: early investigator of
plant genetics.

Vries, Hugo de
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De Vries, son of a Dutch prime minister of 1872,
studied medicine in Holland and Germany and
taught botany in both countries, mainly in
Amsterdam. As a pupil of Sachs at Würzburg he
worked on turgor in plant cells, and used the term
plasmolysis to describe shrinkage of protoplast
from the plant cell wall, with loss of turgidity. He
used these studies on water relations in plants both
to advance knowledge of plant physiology and to
confirm van ’t Hoff’s views on osmotic pressure. In
the 1880s he became interested in heredity,
although he did not then know of Mendel’s work of
the 1860s, and he began breeding plants in 1892. He
got clear examples of the ‘3:1 ratio’ and then came
across Mendel’s work in 1900, and did much to
make the work widely known. His breeding exper-
iments included some on the evening primrose, 
and the striking results led him to propose a bold
general ‘theory of mutation’; but we now use the
word in a different sense and de Vries’s mutations
resulted from changes in chromosome number (to
which the evening primrose is prone; its genetic
make-up is complex) and not to changes in genes.
However, despite being wrongly based, de Vries’s
ideas on a rapid alternative to Darwinian evolution
led to valuable debate and experimentation, which
ultimately did much to establish the Darwinian
view.

N. I. Vavilov in 1932
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Walcott has a strange place in science. His great
discovery, made in 1909, was largely misinter-
preted by him, and it was many years before others
recognized the exceptional role in evolution repre-
sented by the creatures he had collected from the
Burgess Shale deposits.

Despite his lack of formal education he became
his country’s leading scientific administrator.
From his first interest in trilobites, when he was a
young farm worker, he developed his studies in
geology and in 1876 became assistant to the New
York State geologist. By 1894 he had risen to
become director of the US Geological Survey and, 
in 1907, he became secretary (ie head) of the
Smithsonian Institution and the most powerful
figure in science in the USA. Thereafter he added
other senior committee posts while retaining his
expertise in geology and a special interest in aero-
nautics; field geology and the problems of the
Cambrian rocks were his passionate relaxation.

From the time of his discovery, in the Burgess
Shale, of strata rich in the fossils of novel soft-
bodied animals, typically a few centimetres long,
Walcott and his family spent his vacations there
collecting specimens. In total he secured nearly
70 000 and stored them in the Smithsonian in
Washington. Nearly 90% are animals and most of
the rest algae. Most of the animals are soft-bodied
and the remainder have shell-like skeletons; they
contain 119 genera in 140 species, with nearly 40%
of the genera being arthropods – a phylum of ani-
mals with jointed appendages, some specialized for
mastication, a well-developed head and usually a
hard exoskeleton. They include insects, crustacea,
spiders etc.

Walcott studied his specimens with care, but he
was highly conservative by nature and this led him
to classify his finds within an existing taxonomy
and to place these weird animals within an evolu-
tionary sequence continuing from their Cambrian
origins to the present. Revision of these ideas began
in the late 1960s, with the work of H Whittington,
D Briggs and S Conway Morris of the UK, whose
laborious dissections gradually allowed three-
dimensional reconstructions to be devised from
the shale-flattened specimens. The conclusion
from their work is that ‘the Burgess Shale includes
a disparity in anatomical design never again
equalled, and not matched today by all the crea-
tures in all the world’s oceans’ (S J Gould). In terms
of evolution most of these designs are ‘losers’ and
only a few are ‘winners’ with descendants still
existing after 530 million years. Some major prob-
lems remain: notably, how did such disparity arise
and over such a geologically short time and what
factors decided who should win and who would

Waals, Johannes Diderik van der [van der vahls]
(1837–1923) Dutch physicist: devised a new equa-
tion of state for gases.

Van der Waals, a carpenter’s son, became a primary
school teacher and a headmaster in The Hague. He
trained for secondary school work in 1866, and then
studied physics at Leiden. His doctoral dissertation
on the physics of gases appeared in 1873. His interest
was directed to the observations of T Andrews and
others, who had shown that real gases deviate from
the simple gas law pV = RT, deduced from kinetic
theory for an ‘ideal’ gas whose particles have no
volume and no attraction for one another. Real gases
follow the law only approximately, and not at all at
high pressures or low temperatures. Andrews also
showed that a critical temperature exists below
which a real gas can be condensed to liquid only by
pressure. Van der Waals devised a modified gas equa-
tion by introducing two new constants; a is related to
intermolecular attraction and b to the volume of the
molecules themselves. The new equation of state has
the form (p + a/V2)(V – b) = RT, (again for one mole of
gas) and with suitable values of a and b gives results
in fairly good accord with observation for real gases
over a range of temperatures above the critical point.
Van der Waals was professor of physics at Amsterdam
from 1877 and was awarded the Nobel Prize for
physics in 1910.

Waksman, Selman (Abraham) (1888–1973)
Russian–US biochemist: isolated the antibiotic
streptomycin and demonstrated its effectiveness
against tuberculosis.

Waksman had a difficult time as a young Jewish
boy in the Ukraine, and was glad to emigrate to the
USA in 1910; he worked his way through his agri-
culture course at Rutgers College, gained his PhD 
in California in biochemistry and returned to
Rutgers, becoming professor of soil biology in 1930.
From 1939 Waksman began a systematic search for
antibiotics from soil organisms. He had rich experi-
ence of such organisms, and in 1943 he isolated the
new antibiotic streptomycin from the soil organ-
ism Streptomyces griseus (which he had discovered in
1915). This is active against the human tubercle
bacillus and, mixed with two other compounds, it
became widely used in treatment. Previously there
had been no effective drug for this major killing
disease, but by its use tuberculosis became a prob-
lem that had largely been solved in developed coun-
tries by the 1970s. Waksman won the Nobel Prize 
in 1952. He and his co-workers found a number 
of other antibiotics in soil organisms, including
neomycin, valuable in intestinal surgery.

Walcott, Charles (Doolittle) (1850–1927) US
palaeontologist: discovered in the Burgess Shale of
British Columbia a vast range of fossilized animals.

W



lose? The answers, or even attempts to find them,
will inevitably much expand current ideas on the
process of evolution.

Waldeyer-Hartz, Wilhelm [vahldiyer harts] (1836–
1921) German medical scientist: gave the first
modern description of cancer.

After studying science and mathematics, Wal-
deyer (as he was usually known) graduated in med-
icine at Berlin and later taught physiology and
anatomy at three universities; he moved to Berlin
in 1883 and soon made his institute famous. He
first used haematoxylin as a histological stain; he
introduced the name ‘chromosome’ for the rods
seen in cell nuclei, which are readily stained; and
he coined the name ‘neuron’ in neurology. His
anatomical work included a description of the lym-
phoid tissue of the throat (the faucial and pharyn-
geal tonsils), known as Waldeyer’s ring.

In 1863 he gave an account of the genesis and
spread of cancer in essentially modern terms. He
classified the types of cancer and concluded that
cancer begins in a single cell and may spread to
other parts of the body by cells migrating from the
original site through the blood or lymphatic system
(metastasis). This implied that removal of the ini-
tial cancerous cells at an early stage could effect a
cure, in contrast with the view that cancer was a
generalized attack on the body and that treatment
was useless. This approach to oncology (the study of
tumours in the animal body) became of great value
when radiotherapy and later chemotherapy were
available as well as surgery in the treatment of can-
cerous growths.

Walker, Sir John (Ernest) (1941– ) British molec-
ular biologist: co-elucidator of the enzymatic syn-
thesis of adenosine triphosphate (ATP).

From boyhood in West Yorkshire, Walker (son of
a stone mason and an amateur musician) was inter-
ested in science, especially chemistry, an interest
which took him to Oxford and then on to DPhil
work there with Sir Edward Abraham on the antibi-
otic subtilin. A move to Madison in 1969 enhanced
his knowledge of proteins and notably of enzymes.
He learned at this time the novel method of finding
amino acid sequences in proteins by mass spectro-
metric methods, and he worked on this with a
master of the technique during a period in France.
In 1978 he joined the MRC Lab of Molecular Biology
in Cambridge, working mainly on the biosynthesis
and function of adenosine triphosphate (ATP). This
intriguing, not very complex molecule, known
since 1929 and synthesized by A R Todd in 1948, is
the universal energy carrier in all living organisms.
It captures the energy obtained by oxidation of
nutrients and transfers it to biological reactions
requiring energy, such as the building-up of cell
components, contraction of muscles, and the trans-
mission of nerve messages.

ATP is made in living cells by an enzyme, ATP-
synthase, which like all such biological catalysts is
a protein. Walker’s work from the 1980s onwards
gave detailed knowledge (obtained notably by 
X-ray crystallography) of the active part of this

Wallace, Alfred Russel

enzyme: this together with the work of Paul D
Boyer (1918– ) of UCLA and that of Jens C Skou
(1918– ) of Aarhus University in Denmark gives a
good picture of the formation and action of ATP.
ATP synthase forms, as Boyer notes, a molecular
machine, which rotates and produces three ATP
molecules per turn. How ATP acts on muscle fibre
to produce movement has since 1997 been exam-
ined by Yoshida in Tokyo: the story will continue.
Walker moved to head the Dunn Nutrition Unit in
Cambridge in 1998. Walker, Boyer and Skou shared
the Nobel Prize for chemistry in 1997.

Wallace, Alfred Russel (1823–1913) British natu-
ralist: developed the theory of evolution indepen-
dently of Darwin.

Wallace left school at 14 and after a period as a
surveyor became a teacher at a school in Leicester,
where he met the amateur naturalist H W Bates
(1825–92). The two developed a passion for collect-
ing, especially insects and butterflies, and inspired
by Darwin’s account of his travels, they set out on
a collecting expedition in tropical South America.
After many adventures Wallace started to return to
the UK, intending to sell specimens to finance their
travels, but his ship was destroyed by fire at sea,
with most of his specimens and records. Undeterred,
he went to Malaya in 1854 on a similar expedition,
and while there wrote up his ideas on species and
evolution. Like Darwin, he was convinced that
plant and animal species were not fixed, but show
variation over time. He concluded that ‘we have
progression and continued divergence’ of organ-
isms and, with no knowledge that Darwin had
closely similar ideas, he decided that competition
and differential survival determined the path of
evolution. He sent his ideas to Darwin, whose
friends arranged concurrent publication in 1858;
no conflict over priority occurred, the two were on
the best of terms, and Wallace became by his own
wish the secondary figure and a leading advocate
for ‘Darwinism’.

Wallace’s career continued on rather mixed lines.
He became an enthusiast for spiritualism, socialism

Alfred Russel Wallace, aged 30
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‘big bombs’ were best for deep protected targets
such as those housing the flying bombs that
attacked London in 1944, and 12 000 lb (26 400 kg)
Wallis bombs were used effectively against them,
and to destroy the battleship Turpitz.

After the war he continued to work on aircraft
design, developing the principles of the swing-wing
aircraft, employed in the Tornado fighter. He also
worked on bridge design, commercial submarines
and large radio telescopes, notably the Parkes
Radio telescope in Australia, completed in 1961.
Characteristically, Wallis wanted it to have a
1000 ft (305 m) diameter dish; cost limits cut this to
210 ft (64 m).

Wallis, John (1616–1703) English mathematician:
devised an expression for π as infinite series.

Wallis had a curious career. A member of a fairly
wealthy family, he studied medicine and philoso-
phy at Cambridge, was ordained in 1640 and
became a private chaplain. Then in 1649 Cromwell
made him professor of geometry at Oxford; his
appointment was a surprise, but his work in deci-
phering intercepted letters for the Parliamentarians
in the Civil War was probably influential. From
about this time he began to meet with Boyle and
others to discuss science, and these meetings led to
the formation of the Royal Society in 1660, with
Wallis as a founder-member. He also became a
highly creative mathematician.

His book Arithmetica infinitorum (1655) made 

and women’s rights, and he was also a founder of
zoogeography: he recognized that there are some
half-dozen regions, each with characteristic fauna,
whose separation could be linked with the geology
and geography of the regions. Wallace’s line is an
imaginary line dividing the oriental fauna from the
Australian fauna and passing among the Malayan
islands.

Wallis, Sir Barnes (Neville) (1887–1979) British
engineer: innovative designer and inventor of the
‘bouncing’ bomb and the geodetic lattice.

Wallis was trained as a marine engineer but he
spent most of his professional life at Vickers in aero-
nautical design, joining them in 1913. After the
Second World War he led their aeronautical
research and development department.

Wallis’s reputation is based on diverse and bril-
liant inventions of great practical application. He
designed a very successful airship, the R100, and 
the geodetic lattice (a triangular lattice of great
strength, which he applied to buildings and air-
craft wings), and which led to the Wellington
bomber. This was the dominant British bomber of
the Second World War and over 11 000 were built;
later in the war, the Avro Lancaster with four
engines became the main RAF bomber.

Wallis’s most famous invention, however, was
the ‘bouncing’ bomb, a spinning cylindrical device
developed to enable the RAF to destroy the Möhne
and Eder dams in 1943. Wallis was convinced that

HUMAN INHERITED DISEASE AND 
THE HUMAN GENOME PROJECT

Some 4000 inherited human disorders are known.
None are curable (although many are treatable), and
they result from gene or chromosome defects. Human
cells, other than gametes (the sex cells), have in their
nuclei 46 chromosomes, in the form of 22 pairs of
autosomes and a sex-chromosome pair (XX in
females, XY in males). The chromosomes can be iden-
tified and distinguished by their microscopic appear-
ance, after staining which produces a characteristic
banding.

Carried on or within the chromosomes are the
genes, the units whereby the development of a new
organism by cell division is directed. Since 1950 it has
been recognized that genes are composed essentially
of large molecules of nucleic acid (DNA), which
control the form and function of the new cells made
in reproduction, and in 1953 CRICK and WATSON were
able to show how the double-helical molecules of
DNA are able to do this. An essential feature is that
DNA molecules are partly composed of four different
kinds of cyclic nitrogen-containing base (designated
A, C, G and T) which recur along the helical chains. 
It is the sequence of the A, C, G, T units which carry
the genetic information, by controlling (in ‘codons’ 
of three letters) the type of protein made by that

gene, and hence the form and function of the 
protein.

The DNA in the 23 human chromosomes of a
gamete contains roughly 100 000 genes, comprising
about 3 billion base-pairs in the double-helical DNA
chains. The ordinary cells of a female have two copies
of every gene; males differ in having only one copy of
the genes on the X chromosome.

Some inherited diseases (eg Huntington’s disease)
are due to a mutation defect in only one gene of the
pair in each cell; these are called autosomal-domi-
nant diseases. Autosomal-recessive diseases are less
common, and only show when the patient has a
double dose of affected genes, one from each parent.
Examples include cystic fibrosis and sickle cell
anaemia. The frequency of each inherited disorder is
low, but the total is 1–2% of all live births. In addi-
tion, a genetic predisposition appears to be linked
with some diseases which typically appear in later
life, such as rheumatoid arthritis, some forms of
schizophrenia, and Alzheimer’s and Parkinson’s 
diseases.

Inherited diseases will be much better understood
when more results are available from the Human
Genome Project (HGP) which effectively began in
1990. The genome is the totality of the DNA
sequences in the cell nucleus: the genes comprise
only about 2% of the genome. The function of the



him famous; it is mainly concerned with series,
theory of numbers, and conics, discusses infinities
(he invented the symbol ∞) and includes the 
curious formula for 2/π = 3 × 3 × 5 × 5 × 7 × 7…/
2 × 2 × 4 × 4 × 6 × 6 × 8 × 8…. He went on to write
impressive books on mechanics and on algebra; his
Treatise of Algebra (1685) includes the first graphical
representation of complex numbers a + bi. His job
continued after the Restoration and Charles II even
made him a royal chaplain (he had always been a
royalist and had joined a protest against the execu-
tion of Charles I) and he continued to decipher let-
ters for the new government. As he wrote, he was
‘willing, whatever side was upmost, to promote…
the public good’.

As well as being one of the century’s leading
mathematicians he wrote on a variety of subjects,
and had some pioneering success in teaching deaf-
mutes to speak. He was remarkably quarrelsome
(he maintained a public dispute with the philoso-
pher Hobbes for over 25 years) and the contempo-
rary biographer Aubrey claims he was a plagiarist
and that he was ‘extremely greedy of glorie’.

Wankel, Felix [vangkl] (1902–88) German engineer:
the inventor of the Wankel rotary engine.

Two types of internal combustion engine have
dominated road transport: they use either the Otto
cycle or the compression ignition system devised by
Diesel. Both have the inherent defect of requiring
the linear reciprocating motion of a piston to be

Warburg, Otto
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converted into circular motion, with resultant
stress and limitations.

Wankel was born in the Black Forest, the son of a
ranger. He never attended university, but he showed
skill in engineering mathematics and an obsessive
interest in vehicle propulsion; however his work on
a novel engine was delayed by employment in air-
craft development before the Second World War and
later by being a prisoner of the French.

From 1929 he had in mind a novel engine using
hydrocarbon fuel, and eventually made a prototype
in the 1960s. The Wankel rotary engine has an
approximately triangular central rotor, geared to a
driving shaft and turning in a close-fitting oval-
shaped chamber so that the power stroke is applied
to the three faces of the rotor in turn as they pass a
single spark plug. The engine is valveless. The
German car maker NSU used the engine in its RO 80
luxury saloon in the 1960s, but it showed problems
of high fuel consumption and exhaust pollution;
Mazda used it in sports cars in the 1980s, as have
high performance motor-cycle makers. Wider use
of the Wankel engine is clearly possible if the above
problems are fully solved; it remains the most 
radical innovation in its field since the familiar 
reciprocating internal combustion engine was
developed in the 19th-c.

Warburg, Otto (Heinrich) [vah(r)boork] (1883–1970)
German biochemist: had an important influence on
biochemistry through applying chemical techniques.

remaining 98%, which used to be called ‘junk DNA’,
is unknown.

When in 1990 Watson wrote that ‘the United
States has now set as a national objective the
mapping and sequencing of the human genome’ he
went on to note that this was similar to the 1961
decision to send a man to the Moon, although he
expected the financial cost to be less. The task is
clearly substantial. In 1990 the largest fully sequen-
ced DNA was that of a herpes virus, consisting of
under 250 000 base-pairs. For larger organisms the
most fully known was the bacterium E. coli, which
has more than 800 000 base-pairs of its 4.8 × 106

base-pair genome established: the human genome is
almost 1000 times larger. The HGP needed interna-
tional collaboration and methods akin to automated
production lines for sequencing and data analysis.
The first director of the HGP was J D Watson, who at
an early stage took the view that ‘the human genome
belongs to the world’s people’ and opposed the US
Government’s view that patent protection should be
applied to HGP’s results: Watson resigned in 1993.
Work continued both in the US and, notably, at the
Sanger Centre in Cambridge, England, under John
SULSTON. In 1998 a commercial project, Celera
Genomics of Rockville, MD, directed by Craig VENTER

also began work. Competition and conflicts of view
between Celera and the HGP were resolved enough

to allow a joint announcement in mid-2000 of a
‘working draft’ of the human genome, with 85%
sequenced, covering some 38 000 genes. The target
date for the ‘gold standard’ genome to be completed,
with an accuracy of 99.99%, is 2003.

Some of the implications of the HGP outcome are
clear. When, with massive computer aid, the genetic
messages within DNA are fully interpreted, a near-
ultimate understanding of the chemical basis of
human life will be available. The mysterious function
of the 98% of the genome that contains no genes is
likely to be resolved (present suggestions, among
others, are that it exerts some sort of control over the
genes; or that it provides a ‘clean sheet’ on which
new genes can evolve; or that it is a dumping ground
for abandoned genes). The HGP will certainly provide
a basis for detecting the carrier state for inherited dis-
eases in parents, and will allow the diagnosis of such
disorders during pregnancy. It may allow improved
treatment methods to be devised for some genetic
diseases, even though there is a substantial gap
between understanding the molecular basis of a
disease and developing an effective strategy for its
elimination or for its cure. And, intriguingly, it is
surely likely that the HGP, even before its target date
of completion, will yield some important results of a
kind not yet foreseeable. 

IM



Wassermann, August von

370

DNA, together with a suggestion of a path for the
replication of genes (the basis of heredity) and the
effective beginning of the whole new science of
‘molecular biology’ (see Crick’s entry for a brief
account). Watson’s book The Double Helix (1968) gave
a striking and uninhibited non-technical account
of its discovery; and his The Molecular Biology of the
Gene proved an influential textbook.

Watson, Crick and Wilkins shared the Nobel Prize
for physiology or medicine in 1962. From 1955
Watson was at Harvard, from 1976 he directed the
Cold Spring Harbor Laboratory of Quantitative
Biology and from 1988 directed the Human Genome
Research project of the National Institutes of
Health, which aims to elucidate the chemistry of
the 100 000 genes making up the human genome:
he resigned in 1993 in opposition to the principle of 
patenting genetic information from the project.
(See panel on p. 368.)

Watson-Watt, Sir Robert Alexander (1892–1973)
British physicist and pioneer of radar.

Watson-Watt was educated at University College,
Dundee, concentrating on physics. He remained
there as assistant to the professor of natural philos-
ophy, before joining the Meteorological Office in
1915. He subsequently became head of the radio
department of the National Physical Laboratory at
Teddington.

During the First World War, Watson-Watt worked
on the radio location of thunderstorms (detecting
the radio pulses produced by lightning discharges)
and developed a system capable of detecting storms
several hundred miles away. In 1921 he became
superintendent of the radio research station at
Ditton Park, near Slough, and in 1935 proposed the
development of a radio detection and ranging
(RADAR) system for aircraft location. Powerful
pulses of radio energy at a frequency of about
30 GHz and a duration of 10 –5 s were transmitted,
and reflections from aircraft were detected and dis-
played with an oscilloscope. The time delay
between transmission and receipt of the echo gave
the distance to the aircraft and, with the direction
from which the signal was received, yielded its posi-
tion. Under his direction, E G Bowen and A F
Wilkins quickly developed equipment capable of
detecting aircraft at a range of 130 km. By the
beginning of the the Second World War a network
of radar stations was in place along Britain’s chan-
nel coasts and proved to be crucial in the country’s
defence. Portable radar sets were soon fitted to
fighter aircraft to help them locate their targets in
cloud or at night.

It has to be said that Watson-Watt did not invent
radar: the basic principle of the reflection of radio
waves had been known for some years and devel-
oped in at least five countries, but it was his fore-
sight and direction, coupled with the demand
created for such a system in wartime, that produced
a working system. He led the successful team, and
he led the team of seven who successfully claimed
the money for the invention of radar after the
Second World War. He was elected a Fellow of the

Warburg was an enormously influential bio-
chemist; his use of chemical methods to attack bio-
logical problems led him to ideas and techniques
that were widely imitated, and his pupils domi-
nated biochemistry for a generation. He first stud-
ied chemistry, at Berlin under E Fischer, and then
medicine at Heidelberg, qualifying in 1911. Except
for the years of the First World War, when he served
in the Prussian Horse Guards, his life was spent in
Berlin, where he headed the Max Planck Institute
for Cell Physiology until he retired at 86.

Much of his work was on intracellular respira-
tion, and from 1923 he used the Warburg manome-
ter (or respirometer), in which very thin tissue
slices are incubated with a buffered nutrient and
their uptake of oxygen is measured by the fall in
pressure. With this he studied both normal cellular
respiration and model systems, the action of
enzyme poisons (such as cyanide) and catalytic
metals such as iron, and the activity of cancerous
cells. From his work and that of his students (who
included Meyerhof and Krebs) much information
emerged on cell chemistry, enzyme action, co-
enzymes and the function of nicotinamide adenine
dinucleotide (NAD), cancerous cells, and photosyn-
thesis in plant cells. He was an early user of spec-
troscopy as an invaluable aid to biochemical
analysis. Awarded a Nobel Prize in 1931, his later
career was marred by his increasingly intolerant
attitude to ideas other than his own, which eventu-
ally isolated him.

Wassermann, August von [vaserman] (1866–1925)
German immunologist: devised the Wassermann
test for syphilis.

Wassermann studied medicine in Germany, grad-
uated in 1888, was an assistant to Koch and in 1910
became head of a new Institute for Experimental
Therapy at Berlin-Dahlem. In 1906 he and his group
devised a test for the presence of syphilitic infec-
tion at any past time in an individual’s life; this
Wassermann reaction was formerly widely used.

Watson, James (Dewey) (1928– ) US molecular
biologist; a co-discoverer with Crick of the double
helical structure of nucleic acids and of their place
in molecular genetics.

Watson’s boyhood enthusiasm for bird-watching
led him to entry, aged 15, to Chicago University
where he graduated in zoology when only 19. He
worked for his PhD at Indiana University at
Bloomington, studying phages (bacterial viruses),
learning much about bacterial viruses and bio-
chemistry and becoming convinced that the chem-
istry of genes, then little understood, was of
fundamental importance for biology. A fellowship
took him to Copenhagen in 1950 to study bacterial
metabolism, but soon his enthusiasm for DNA led
him to Cambridge and to collaboration with Crick
in the Cavendish Laboratory. Their talents and 
personalities were highly complementary; their
joint ideas, assisted by X-ray diffraction studies by
Rosalind Franklin and by M H F Wilkins (1916– ),
achieved a revolution in biology with publication in
1953 of the proposed double helix structure for



Royal Society in 1941 and knighted in 1942. Today,
radar systems are used for navigation, the safe rout-
ing of air traffic and shipping, rainfall detection,
and many other non-military applications.

Watt, James (1736–1819) British instrument maker
and engineer: invented the modern steam engine.

The son of a Clydeside shipbuilder, Watt had little
formal education because of his poor health, but
his skills enabled him to set up in business as an
instrument maker in the University of Glasgow.
While repairing a working model of a Newcomen
steam engine, Watt realized that its efficiency
could be greatly improved by adding a separate con-
denser, preventing the loss of energy through
steam condensing to water in the cylinder. He
formed a business partnership with M Boulton
(1728–1809) in Birmingham to develop the idea,
improved the engine in several other ways, and in
1790 produced the Watt engine, which became cru-
cial to the success of the industrial revolution. Soon
it was being used to pump water out of mines and
to power machinery in flour, cotton and paper
mills. Watt retired, a very rich man, in 1800. The SI
unit of power, the watt, is named after him: it is the
power producing energy at the rate of 1 J s –1.

Watt also invented (in 1779) the first office copy-
ing process: he used a gelatinous ink, from which a
copy was obtained by pressing damp unsized copy
paper on the original. The copy was viewed in a
mirror.

Wedgwood, Thomas (1771–1805) British inventor:
made first attempt to link photosensitivity of silver
salts with image formation in the camera obscura,
and so create photography.

Of the several people who have places in the pre-
history of photography, Tom Wedgwood most
clearly perceived its possibility. As the youngest son
of the first Josiah Wedgwood (1730–95), the famous
Staffordshire potter and pioneer industrialist, Tom
grew up with a family interest in science. At some
date in the 1790s, it occurred to him that two con-
cepts, already well-known, might with advantage
be brought together. These were, firstly, the sensi-
tivity to light of silver salts and, secondly, the
camera obscura, a device consisting of a box with a
convex lens at one end and a screen at the other.
The lens formed an inverted image on the screen
and this image could be traced (or simply copied) by
an artist desiring to reproduce the scene facing the
lens. Thomas’s father Josiah used the method often;
when he secured an order from the Empress of
Russia for a dinner service of over 900 pieces, each
to show an English country scene, he used the
camera obscura to sketch hundreds of scenes in the
course of his travels.

Encouraged by Priestley and assisted by the
youthful Davy, young Wedgwood attempted to cap-
ture the camera image on a sheet of paper impreg-
nated with silver nitrate. However, his papers were
insufficiently photosensitive and/or his exposures
in the camera were not long enough, and so he was
unsuccessful. His ‘Account of a method of copy-
ing…’, published with Davy in 1802, could only
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describe successful contact prints obtained by
pressing leaves, insect wings etc, on sensitive paper
and exposing to strong light, and he found no way
even of ‘fixing’ these ‘heliotypes’ or ‘sun pictures’,
which darkened further in light. Wedgwood’s
health was always frail, and he died aged only 34,
leaving Daguerre, Niépce and Talbot to succeed in
converting the basic idea of photography into a
practical success.

Wegener, Alfred (Lothar) [vayguhner] (1880–
1930) German meteorologist and geophysicist: pro-
posed theory of continental drift.

Educated at the universities of Heidelberg,
Innsbruck and Berlin, Wegener obtained his doc-
torate in astronomy in 1905. Although primarily a
meteorologist, Wegener is remembered for his
theory of continental drift, which he proposed in
1912. Unable to reconcile palaeoclimatic evidence
with the present position of the continents, he sug-
gested that originally there had been a single
‘supercontinent’, which he termed Pangaea. He
then provided a number of arguments to support
his hypothesis that Pangaea had broken up in
Mesozoic times (about 200 million years ago), 
and that continental drift had subsequently led to
the present continental arrangement. Initially
Wegener’s ideas met with great hostility, largely
due to the lack of any obvious driving mechanism
for the movement of the continents, but the sug-
gestion of a viable mechanism by Holmes in 1929,
together with geomagnetic and oceanographic evi-
dence obtained during the late 1950s and early
1960s, has since established plate tectonics as one
of the major tenets of modern geophysics. Wegener
went on several expeditions to Greenland, and it
was while crossing the ice sheet on his fourth visit
that he died.

Weierstrass, Karl Wilhelm Theodor [viyershtrahs]
(1815–97) German mathematician: introduced
rigour into mathematical analysis.

Pressed by his overbearing father, a customs offi-
cer, to study law, Weierstrass spent 4 unsuccessful
years at Bonn, learning little law but becoming a
skilful fencer and reading mathematics. Emerging
in disgrace, he was sent to Münster to prepare for
the state teacher’s examination and had the good
fortune to be able to pursue mathematics under
the guidance of C Gudermann (1788–1852), whose
enthusiasm at that time was that power series
could be used as a rigorous basis for mathematical
analysis.

Weierstrass developed this approach during his
stint of nearly 15 years as a teacher in the small
Prussian villages of Deutsch-Krone and Braunsberg,
completely isolated from contemporary mathe-
matical research. In 1854 he published in Crelle’s
Journal a paper on Abelian integrals that he had
written 14 years earlier. The quality and impor-
tance of this work, which completed areas that
Abel and Jacobi had begun, was immediately rec-
ognized, and he was appointed a professor at the
Royal Polytechnic School and lecturer at the
University of Berlin in 1856.
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get so near the modern view. He was wrong in his
belief that the germ plasm is unalterable and
immune to environmental effects, as others were
later to demonstrate.

Early in his work Weissman believed (rather
ineptly) he had demonstrated that acquired char-
acters are not inherited: he cut off the tails of a
family of mice for 22 generations, mutilating 1592
mice, but they still failed to produce tail-less 
offspring.

Weizmann, Chaim (1874–1952) Israeli biochemist:
devised fermentation synthesis of acetone; became
President of Israel.

Born in Belorus, chemistry was Weizmann’s
enthusiasm from childhood, and he studied it at
Darmstadt and Berlin and became a university lec-
turer in organic chemistry at Geneva, combining
academic work with commercial dye chemistry,
and with rising involvement in Zionism. In 1904 he
moved to Manchester as lecturer in biochemistry,
with particular interest in fermentation processes,
and a leading position also in the Zionist move-
ment. In 1912 he found a strain of the Clostridium
bacterium which fermented starch to give ethanol,
butanol and acetone. In the First World War acetone
was urgently needed by the allies for aircraft dope
(the varnish used on the fabric of aircraft bodies)
and for making cordite, the major military and
naval weapon propellant. The small pre-war need
had been met by pyrolysis of timber: Weizmann’s
process saved the situation. It also aided him when
in 1917 he led negotiations with A J Balfour (then
the UK’s Foreign Secretary) which culminated in
the Balfour declaration, which formally gave
British support for the concept of a Jewish national
home to be created in Palestine. The state of Israel
was proclaimed in 1948, with Weizmann as its 
first president. He was also the founder of the
Weizmann Institute of Science in Rehovot in 1934.

Weizsäcker, Carl Friedrich, Freiherr (Baron) von
[viytseker] (1912– ) German physicist: proposed
theories for stellar energy generation, and for the
origin of the solar system.

Weizsäcker studied and later taught physics at
both Berlin and Leipzig; from 1957 he was professor
of philosophy at Hamburg. Independently of Bethe
he suggested in 1938 that the energy of stars is gen-
erated by a catalytic cycle of nuclear fusion reac-
tions, whereby hydrogen atoms are converted into
helium with much evolution of energy. More
specifically, this reaction (the proton fusion reac-
tion) has as its net result the conversion of four
hydrogen nuclei (ie protons) into a helium nucleus.
The reaction requires a high temperature (≈ 109 K)
and yields also a massive amount of thermal
energy, along with gamma radiation. The energy is
sufficient to maintain a star’s energy output (such
as the Sun’s) for billions of years. It is widely accepted
as the key process in stellar energy generation.

Weizsäcker proposed a scheme in 1944 for the
origin of the solar system; this scheme developed
the older ideas of Laplace that the Sun had been
surrounded by a disc of gas, which rotated, became

The significance of Weierstrass’s work was that
he gave the first rigorous definitions of the fun-
damental concepts of analysis; for example a 
function, derivative, limit, differentiability and
convergence. He investigated under what condi-
tions a power series would converge, and how to
test for this. Above all, he made great contributions
to function theory and Abelian functions.

Weinberg, Steven [wiynberg] (1933– ) US physicist:
produced a unified theory of electromagnetism
and the weak nuclear interaction.

The son of a New York court stenographer,
Weinberg was educated at Cornell and Princeton
universities. He held appointments at Columbia,
Berkeley, the Massachusetts Institute of Technology
and Harvard before becoming professor of physics
at the University of Texas at Austin in 1986.

In 1967 Weinberg produced a gauge theory (ie
one involving changes of reference frame) that cor-
rectly predicted both electromagnetic and weak
nuclear forces (such as are involved in nuclear
decay), despite the two differing in strength by a
factor of about 1010. The theory also predicted a
new interaction due to ‘neutral currents’, whereby
a heavy chargeless particle (the Z0 boson) is
exchanged, giving rise to an attractive force
between particles. This particle (short-lived when
free) was duly observed at CERN in 1983 (generated
by proton–antiproton collision), so giving strong
support to the theory now called the electroweak or
Weinberg–Salam theory. As the work was indepen-
dently developed by Weinberg and Salam, and sub-
sequently extended by Glashow, all three shared
the 1979 Nobel Prize for physics.

Weinberg’s book on the early universe, The First
Three Minutes (1977), has become a classic.

Weismann, August [viysman] (1834–1914) German
biologist: devised a theory of heredity.

Weismann qualified in medicine and practised
for a few years before the attractions of biological
research drew him to university teaching in
Freiburg, a town which he greatly liked. He was a
skilled microscopist, but failing sight from 1864
eventually pushed him to become a theorist, with a
special interest in heredity. Basing his ideas in part
on his earlier work on the sex cells of hydrozoa, 
he proposed that all organisms contain a ‘germ-
plasm’, associated especially with the ovum and
sperm cells, which he later located in what are now
called the chromosomes. In his view, it was germ-
plasm that gave the continuity from parent to off-
spring. All other cells are merely a vehicle to convey
the germ-plasm, and it alone is in a sense immortal;
other cells are destined to die. As Samuel Butler the
satirist phrased it, ‘a hen is only an egg’s way of pro-
ducing another egg’. Weissman saw the major
events in reproduction as the halving of the chro-
mosome number in germ-cell (ova and sperm) for-
mation, and in the later union of chromosomes
from two individuals; he suggested that variability
resulted from the combination of different chro-
mosomes. His ideas are of course broadly correct,
and it is surprising that he was able in the 1880s to



turbulent and aggregated to form the planets.
Weizsäcker’s theory (like Laplace’s) failed to
account for the angular momentum of the solar
system, but it was developed by Alfvén and then by
Hoyle, who proposed that the Sun’s magnetic field
could generate the required momentum.

During the Second World War Weizsäcker
worked with Heisenberg to develop nuclear energy
from uranium for power or weaponry, but with
trivial success in comparison with the Allies.

Werner, Alfred [verner] (1866–1919) German–Swiss
inorganic chemist: founded the modern theory of
co-ordination compounds.

Werner was born in Alsace; it was French when he
was born, became German when he was 4, and
French again in 1919. Werner had allegiances to
both French and German culture; he usually wrote
in German. He lived in Switzerland from the age of
20, graduating at Zürich, and held a professorship
there from 1895 until his death.

From 1892 he worked on the inorganic complexes
of metals. This large class of chemical compounds
had seemed confused; the sort of structure theory
that had served well in organic chemistry did not
appear to apply, and neither did ordinary valence
rules. Werner brought a new view to them. He pro-
posed that the central atom (usually a transition
metal atom) had its normal valence, and also 
secondary valences that bonded it to other 
atoms, groups or molecules (collectively, ‘ligands’)
arranged in space around it. This theory of co-
ordination complexes allowed two to nine ligands
to be co-ordinated to the central atom; the com-
monest co-ordination number is six, with the 
ligands arranged octahedrally. During 20 years,
Werner worked out the consequences of this theory
extensively, and rejuvenated inorganic chemistry
as a result. Metal complexes are of great impor-
tance also in plant and animal biochemistry. 
He was awarded the Nobel Prize for chemistry in
1913.

Welsbach, Carl Auer, Baron von (1858–1929)
Austrian chemist: inventor of the gas mantle.

Carl Auer studied chemistry at the polytechnic in
his birthplace, Vienna, and later in Heidelberg with
Bunsen. His interest in minerals, especially in the
‘rare earth’ minerals of northern Europe, led him
to discover in 1885, as their oxides, two new metal-
lic elements which he named praseodymium and
neodymium.

At that time artificial lighting was by candles, oil,
or town gas (usually coal gas) which gave a lumi-
nous flame, but electric lighting was clearly com-
petitive after 1882. Auer found that a mixture of
hot rare-earth oxides was strongly luminescent. In
1885 he patented his ‘gas mantle’ made by soaking
a cylinder of cotton in a solution of thorium nitrate
with 1% cerium nitrate and burning off the cotton
to give a fragile cup-shaped frame of the metal
oxides. These mantles, heated by a hot non-lumi-
nous flame, gave new life to gas as an illuminant,
and it was used for public and home lighting until
the 1950s. 
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Auer, by now von Welsbach, also introduced the
use of a pyrophoric alloy of iron with cerium and
lanthanum in igniters, in which the ‘flint’ is
abraded by a steel wheel and the sparks ignite gas
or petrol vapour.

Werner, Abraham Gottlob [verner] (1749–1817)
German mineralogist and geologist: proposed
Neptunist theory of geology.

Werner came from a well-off family operating
ironworks in a traditional mining area, and he was
educated at the Freiberg Mining Academy and the
University of Leipzig, studying law and languages
and returning to Freiberg in 1775 as a lecturer in
mining. He became the foremost geologist of his
time, now remembered for his Neptunist theory of
the origin of the Earth, which was widely accepted
for much of the 18th-c. He proposed that all rocks
were precipitated as sediments or chemical precip-
itates in a universal ocean created by the biblical
Flood, and that all geological strata thus followed a
universal and specific sequence. The lowest layer
contained ‘primitive’ rocks such as granites and
slates, the next higher layer included shales and
fossilized fish, then followed limestones, sand-
stones and chalks, and finally alluvial clays and
gravels. Although such a scheme fitted moderately
well with the geology around Freiberg, increased
knowledge of the geology of other parts of Europe
revealed the flaws in his ideas, and it was largely
modified by Hutton’s uniformitarian theory.
However, much of his work was of lasting value, his
ideas and his many students having a great influ-
ence in shaping modern geology.

Weyl, Hermann [viyl] (1885–1955) German mathe-
matician: contributed to symmetry theory, topo-
logical spaces and Riemannian geometry.

Weyl was a student under Hilbert at Göttingen
and, on becoming a Privatdozent there, also worked
with him. In 1913 he declined a professorship at
Göttingen and moved to Zürich, where he worked
with Einstein. He returned to take up the profes-
sorship when Hilbert retired in 1930, but increas-
ing Nazi power led him to move to Princeton with
Gödel and Einstein, retiring in 1951. As well as his
outstanding mathematical work, Weyl published on
philosophy, logic and the history of mathematics.

Weyl acquired from Hilbert research interests in
group theory and Hilbert space and operators. Once
developed, these techniques proved central to the
rapidly evolving theory of quantum mechanics and
the unification of matrix mechanics and wave
mechanics. Weyl showed how symmetry relates to
group theory and continuous groups, and how 
this can be a powerful tool in solving quantum
mechanical problems.

When Weyl moved to Zürich, Einstein interested
him in the mathematics of relativity and
Riemannian geometry. In seeking to generalize
this, Weyl developed the geometry of affinely con-
nected spaces and differential geometry. Weyl
anticipated the non-conservation of parity in parti-
cles, a feature that has since been observed by par-
ticle physicists working with leptons.
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that every well-educated man should know some-
thing of engineering theory. In mineralogy, he
founded mathematical crystallography (on the
basis of Haüy’s theory of crystal structure) and
developed Mohs’s classification of minerals. He
became the authority on names for new scientific
concepts, creating the now-familiar ‘scientist’ 
and ‘physicist’ by analogy with ‘artist’. They soon
replaced the older term ‘natural philosopher’.
Other useful words were coined to help his friends:
biometry for Lubbock; Eocine, Miocene and Pliocene
for Lyell; and for Faraday anode, cathode, dia- and
para-magnetic, and ion (whence the sundry other
particle names ending in -on).

In meteorology Whewell devised a self-recording
anemometer. He was second only to Newton in his
work on tides and tidal theory, including organiz-
ing and collating tidal observations worldwide and
winning a Royal Medal.

His History and Philosophy of the Inductive Sciences
(1837–60) examined the nature of scientific discov-
ery, which he saw as requiring imaginative guesses
which were capable of disproof or verification. Now
a classic, it still has authority in its survey of scien-
tific ideas from the Greeks to the 19th-c.

Rather unusually for a scientist he died as a result
of being thrown from his horse.

Whipple, Fred Lawrence (1906– ) US astronomer:
proposed ‘dirty snowball’ model for comets.

Whipple had a distinguished career in astronomy
in California and Harvard. In 1950 he proposed that
cometary nuclei consist of a mixture of water ice
and dust, frozen carbon dioxide, methane and
ammonia. This model, known as the ‘dirty snow-
ball’ theory, accounts for the fact that comets only
develop their characteristic tails as they approach
the Sun, when the solar wind vaporizes the volatile
components in the nucleus. Radiation pressure is
then responsible for the fact that the tail always
points away from the Sun. Another feature of
comets, their slight variability of orbital period,
was also explained by the formation of an evapo-
rated surface crust, through which jets of volatile
material are sometimes ejected. Whipple’s ideas
were largely confirmed by observations made from
space probes during the visit of Halley’s comet in
1986.

Whipple, George Hoyt (1878–1976) US medical sci-
entist.

From his medical student days at Johns Hopkins,
Whipple was particularly interested in the oxygen-
carrying pigment of red blood cells (haemoglobin)
and in the bile pigments that are formed in the body
from it. Working in the University of California
from 1914–22, he examined the effect of diet on
haemoglobin formation. To do this he bled dogs
until their haemoglobin level was reduced to a
third of normal, and then studied the rate of red
cell regeneration when the dogs were fed various
diets; he found that meat, kidney and especially
liver were effective in stimulating recovery. Since
the fatal human disease of pernicious anaemia is
associated with red cell deficiency, it was reasonable

Weyl produced a small number of highly influen-
tial papers on number theory, proving results on
the equidistribution of sequences of real numbers
modulo 1. This was taken up in later work by Hardy
and J E Littlewood (1885–1977).

Wheatstone, Sir Charles (1802–75) British physi-
cist: a contributor to cable telegraphy.

Wheatstone was privately educated and started
work in the family tradition as a maker of wood-
wind and other musical instruments. In 1834 he
was appointed professor of experimental physics at
King’s College, London. His science was self-taught.

Much of Wheatstone’s early work was (under-
standably) concerned with acoustics and the theory
of resonance of columns of air, and led to his
London appointment. This gave him a wider inter-
est in physics, particularly optics and electricity. He
was a prolific inventor, patenting the concertina
and other musical devices, and in 1838 invented a
stereoscope in which two pictures of slightly differ-
ing angles of perspective could be combined to give
an impression of three-dimensional solidity. In
1837 he collaborated with W F Cooke (1806–79) on
a commercial electric telegraph project, which was
a great success, with thousands of miles of tele-
graph lines being constructed. The telegraph used
a Daniell cell to provide current and a Sturgeon
electromagnet in the recorder. Wheatstone was
responsible for several related inventions, such as
the printing telegraph and the single-needle tele-
graph. He popularized (but did not invent) the
Wheatstone bridge, a device invented by S Christie
(1784–1865) and utilizing Ohm’s law for comparing
resistance.

Whewell, William [hyooel] (1794–1866) British
polymath, now best known for his survey of the sci-
entific method and for creating scientific words.

Whewell was the son of a Lancastrian carpenter;
he gained a scholarship to Trinity College,
Cambridge and showed his breadth of talent by
winning prizes for poetry and for mathematics. He
remained there and from 1820–40 taught and
wrote on mechanics, geology, astronomy, theology,
ethics and architecture. He was also active in the
work of the Royal Society, the British Association
for the Advancement of Science and the Geological
Society. He was successively professor of mineral-
ogy and of moral philosophy, Master of his college
from 1841 and vice-chancellor of the university in
1842 and 1855.

The liking many felt for him was not universal; he
was both self-conscious and forceful. As Master, he
did not allow Fellows to have keys to their college,
or dogs or cigars within it, or to marry (he was twice
married himself). Undergraduates could not sit in
his presence and he required nude paintings to be
removed from view in the Fitzwilliam Museum. A
Royal Commission’s proposal that all Fellows be
allowed to vote at college meetings infuriated him.

More positively, he inspired many able young
men and his texts and his teaching in applied math-
ematics gave the necessary basis for Cambridge’s
later successes in physics; and he pressed his view



to attempt to treat it similarly, and G Minot
(1885–1950) and W Murphy (1892–1987) found in
1926 that large additions of near-raw liver in the
patient’s diet were effective: Minot, Murphy and
Whipple shared a Nobel Prize for physiology or med-
icine in 1934. It was another 20 years before other
workers isolated the active curative compound, 
vitamin B12, and made it available for treatment and
study.

Whipple spent the rest of his career at the
University of Rochester, continuing to work on
blood and especially on thalassaemia, a genetic
anaemia due to a defect in the haemoglobin mole-
cule found especially in Mediterranean races.

White, Gilbert (1720–93) British naturalist: author
of the first English classic on natural history.

White’s enthusiasm for all kinds of natural his-
tory is remarkable. He followed a family tradition
by becoming a curate and living in the family
home, ‘The Wakes’ at Selborne in Hampshire. He
declined more senior posts in order to stay there so
that he could study nature in his large garden and
the nearby countryside. His accounts of this were
shared with friends in his letters to them; shortly
before his death the diffident White was at last per-
suaded to edit 110 of his letters to form The Natural
History and Antiquities of Selborne. The book so
pleased its many readers that it has been in print
ever since. White’s keenest interest was in birds,
whose song and habits he studied; other orni-
thologists at that time interested themselves only
in plumage and anatomy. He studied mammals,
bats, reptiles (especially his pet tortoise, Timothy),
insects, plants and the weather. His observations
gave some evidence for Darwin’s theory of evolu-
tion, but its main value has been to provide plea-
sure and inspiration to generations of naturalists.
As one zoologist wrote in 1901: ‘White is interest-
ing because nature is interesting; his descriptions
are founded upon natural fact, exactly observed
and sagaciously interpreted’.

Whittle, Sir Frank (1907–96) British aeronautical
engineer: invented the jet engine.

After entering the RAF as a boy apprentice,
Whittle qualified as a pilot at Cranwell College and
studied engineering at Cambridge. He served as a
test pilot with the Royal Air Force, later working as
a consultant for a number of companies. In 1977 
he became research professor at the US Naval
Academy, Annapolis. He joined the Order of Merit
in 1986.

Whittle’s principal claim to fame was the inven-
tion of the turbojet aircraft engine, on which he
took out his first patent in 1930 while still a stu-
dent. In 1936 he formed his own company to
develop the concept, and in 1941 a Gloster aircraft
with his engine made its first test flight. Due to the
war development was rapid, and the Gloster was in
service with the RAF by 1944.

In Germany, Hans Joachim Pabst von Ohain
(1911–98) completed his designs for a jet engine in
1933 and, better supported by his employers and by
industry (notably the aircraft makers Heinkel) than
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was Whittle, von Ohain had jet-driven aircraft in
service with the Luftwaffe in mid-1944, slightly
ahead of Whittle. Jet engines made supersonic flight
practicable, initially in fighters and then for civil
air travel.

Widdowson, Elsie (1906–2000) British nutritionist:
made scientific studies of human diet and nutri-
tion, and with Robert McCance ensured that the
austere British Second World War civilian diet was
the healthiest diet the population had ever had.

After a first degree in chemistry at Imperial
College, London, in the mid-1920s, Elsie Widdowson
remained there for a doctoral thesis on the chemi-
cal changes in ripening and stored fruit. A meeting
with Robert McCance (d. 1993) at St Bartholomew’s
Hospital, where he was studying the loss of nutrients
in food during cooking, led to a scientific partner-
ship that lasted 60 years, looking at the composi-
tion of human foods. McCance became a Reader in
medicine at Cambridge in 1938 and Widdowson
joined him in studying the absorption and excre-
tion of iron, copper and zinc in the body and the
chemical composition of foodstuffs in the British
diet. With the onset of war and a meagre diet (only
potatoes, carrots and cabbage being plentiful), they
devised a basic diet which would provide the neces-
sary nutrients for survival. Using themselves as
guinea-pigs and testing their fitness by fell-walking
in the Lake District, their work led to important
changes in the national diet. They caused the statu-
tory inclusion of calcium in bread (still in force),
and the use of dried eggs. The results of their stud-
ies were published in The Chemical Composition of
Foods (1940), a dietician’s bible which was updated
in constant re-editions. Her later research included
studying changes in body composition during child
development, and malnutrition in Germany (she
showed that white bread was as nutritious as any
other). In 1968 she moved to the Medical Research
Council’s Dunn Nutrition Laboratory in Cambridge
as head of infant nutrition research. She was
elected a Fellow of the Royal Society in 1976.

Wieland, Heinrich Otto [veelant] (1877–1957)
German organic chemist: carried out important
work on the structure of cholesterol and other
steroids.

The son of a gold refinery chemist, Wieland stud-
ied and taught in several German universities before
succeeding Willstätter at Munich in 1925. His early
work was on organic compounds of nitrogen, includ-
ing the fulminates; and in 1911 he made the first
nitrogen free radicals. He also worked on natural
products; plant alkaloids, butterfly-wing pigments
(pterins) and especially the steroids. In steroid chem-
istry, he showed that three bile acids can all be con-
verted into cholanic acid, which he also made from
cholesterol. It therefore followed that the bile acids
and cholesterol had the same carbon skeleton, and
Wieland proposed a structure for this parent steroid
skeleton. His first structure was shown to be incor-
rect, but a revised version which he and others 
produced in 1932 is correct. For his steroid work he
was awarded the 1927 Nobel Prize. His other work
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including journalism and writing encyclopedia
entries, before obtaining a post in mathematics at
Massachusetts Institute of Technology in 1919. He
held this until retirement.

Wiener began research on stochastic, or random
processes such as Brownian motion, including
work on statistical mechanics and ergodic theory
(which is concerned with the onset of chaos in a
system). Other areas that he advanced were integral
equations, of a kind now known as Wiener inte-
grals, quantum theory and potential theory. As part
of his war work, Wiener applied statistical methods
to control (eg of anti-aircraft guns) and communi-
cation engineering. Extending this broadly, for
example into neurophysiology, computer design
and biochemical regulation, led to his founding
cybernetics as a subject. Cybernetics is the study of
control and communication in complex electronic
systems and in animals, especially humans.

His standing as a mathematician is hardly dis-
puted, but his writings are hard to read and uneven
in quality. As a person he was extraordinary; small,
plump, myopic, playful and self-praising, he spoke
many languages and was hard to understand in any
of them. He was a famously bad lecturer, perhaps
because his mind worked in a very unusual way.

Wigner, Eugene Paul [wigner] (1902–95) Hun-
garian–US physicist: applied group theory to quan-
tum mechanics and discovered parity conservation
in nuclear reactions.

Wigner was the son of a businessman and took
his doctorate in engineering at the Berlin Institute
of Technology in 1925. He moved to Princeton in
1930, became professor of theoretical physics there
in 1938 and held this post until his retirement in
1971. He was a brother-in-law of Dirac.

He made major contributions in quantum theory
and nuclear physics, in particular by showing the
value of symmetry concepts and the methods of
group theory applied to physics. In 1927 he con-
cluded that parity is conserved in a nuclear reac-
tion: the laws of physics should not distinguish
between right and left; or between positive and
negative time. As a consequence a nuclear reaction
between particles and the mirror image of those
particles will be identical, and this was accepted to
apply to all types of reaction. However, very sur-
prisingly, Lee and Ting identified a class of excep-
tions to this law of parity conservation in 1958.
Reactions involving the weak nuclear force, such as
beta decay when an electron is emitted from a
nucleus, do not conserve parity.

Wigner’s research during the 1930s mainly con-
cerned neutrons and he investigated the strong
nuclear interaction which binds neutrons and pro-
tons in the nucleus. He showed that the force has a
very short range and does not involve electrical
charge. The formula describing how moving neu-
trons interact with a stationary nucleus was given
by Breit and Wigner in 1936. Using this and other
discoveries, Wigner assisted Fermi in constructing
the first nuclear reactor to produce a sustained
nuclear chain reaction in Chicago in 1942. For his

included studies on toad venom, on curare and on
biological oxidation (which he showed is often, in
fact, dehydrogenation).

Wien, Wilhelm [veen] (1864–1928) German physi-
cist: discovered the energy distribution formula for
black body radiation.

Wien grew up in a farming family and originally
planned to spend his life farming. He studied
briefly at Göttingen and continued his degree work
at Berlin from 1884. In 1886 Wien received his doc-
torate for research on light diffraction and associ-
ated absorption effects, and returned to manage
his parents’ farm. A severe drought 4 years later
forced the sale of the farm, and he became assistant
to Helmholtz in Berlin. In 1900 he took up the pro-
fessorship at Würzburg and after 20 years he was
appointed as Röntgen’s successor at Munich.

In 1892 Wien began research on thermal (or black
body) radiation (see Boltzmann), a study which ini-
tiated the transition from classical physics to
Planck’s quantum theory. Wien showed that the
wavelength λ, at which a black body radiation
source at absolute temperature T emits maximum
energy, obeys a law: λT = constant = 0.29 cm K (the
constant was measured by Lummer and E
Pringsheim). This is known as Wien’s displacement
law; in accord with it a red-hot black body on fur-
ther heating emits shorter-wavelength radiation
and becomes white hot as the wavelength of maxi-
mum radiation shifts from the long wavelength
(red) end to the centre of the visible spectrum.

Developing this, in 1896 he produced Wien’s for-
mula describing the distribution of energy in a
radiation spectrum as a function of wavelength
and temperature. It was based on an assumption
that a hot body consists of a large number of oscil-
lators emitting radiation of all possible frequencies
and all in thermal equilibrium. Interestingly,
Wien’s formula is well obeyed at short wavelengths
but is clearly wrong for longer values while
Rayleigh produced a formula accurate at longer
wavelengths but not at lower ones.

Planck gave much thought to these discrepancies
and showed that, if one assumed that radiation
could be emitted only in ‘packets’ of a minimum
energy (which he called quanta), then a radiation
law could be calculated that was obeyed accurately
at all wavelengths. Planck published his quantum
theory in 1900, aware that its assumptions had no
justification in classical physics and yet, as they
appeared correct, a major revolution in physical
science was inevitable. Wien was awarded the
Nobel Prize for physics in 1911.

Wiener, Norbert [weener] (1894–1964) US mathe-
matician: established the subject of cybernetics.

As a child Wiener showed his mathematical
talent early, but his career then became erratic. At
15 he entered Harvard to study zoology; he changed
to philosophy at Cornell and got a PhD from
Harvard in mathematics at 19. He then studied
logic briefly under B Russell (1872–1970) and
Hilbert. Suffering perhaps from too rapid an edu-
cation, Wiener drifted through various activities,



contributions to quantum theory and applying it to
nuclear physics Wigner shared the 1963 Nobel
Prize for physics.

Wiles, Sir Andrew John (1953– ) British math-
ematician: proved Fermat’s Last Theorem.

Wiles was born and in part educated in
Cambridge. When only ten years old, he became
fascinated by Fermat’s Last Theorem, which states
that there are no solutions for xn + yn = zn where n > 2.
This theorem (more accurately a conjecture) had
first been proposed by Pierre de Fermat sometime
around 1637. Typically of Fermat, he had not writ-
ten down his proof, but had scribbled the equation
in the margin of a book together with the note ‘I
have discovered a truly marvellous demonstration
of this proposition, which this margin is too narrow
to contain.’ Although a small number of specific
cases were soon proved (for n = 3 and 4, etc.), and
later for all values of n up to 125 000, the combined
efforts of generations of mathematicians, over the
following three and a half centuries, failed to pro-
vide a general proof, and many believed that
Fermat must have been mistaken, and that the 
theorem was inherently unprovable.

After completing a first degree at Oxford, and a
Cambridge doctorate on the subject of elliptic
curves, Wiles moved to Princeton in the 1980s. Late
in 1986 he decided to focus on the proof of Fermat’s
Last Theorem, a topic he worked on single-mindedly
and in secret until 1993, when he announced his
proof. Unfortunately, a flaw was soon found in his
logic, but a year and a half later he was able to
resolve this satisfactorily, and the final proof was
published in 1995.

Wiles’s proof, which runs to over 100 pages, can
probably only be fully understood by a small 
group of fellow number theorists, but it builds on
work by a German mathematician, Gerhard Frey,
who had shown that that if Fermat’s Last Theorem
is true, then the Taniyama–Shimura Conjecture
(which proposes that every elliptic equation has an
equivalent modular form) must also be true. Wiles
succeeded in proving the Taniyama–Shimura Con-
jecture to be true, and therefore the Last Theorem
also.

Williams, Cicely

Whilst proving the Last Theorem may appear to
be of little practical purpose, the series of new
mathematical techniques developed by Wiles in
the process of his proof, together with the proof of
the Taniyama–Shimura Conjecture, and his result-
ing linkage between elliptic equations and modular
forms, has revolutionized mathematics, and enabled
others to attack a wide range of other problems.

Wiles was knighted in 2000. He held a professor-
ship of mathematics at Princeton from 1982–8 and
from 1990 onwards.

Wilkes, Maurice Vincent (1913– ) British mathe-
matician and computer scientist: designed the first
delay storage computer.

Wilkes was educated at Cambridge, subsequently
taking positions there as lecturer and director of
the Mathematical Laboratory, and head of the
Computer Laboratory.

After wartime work on radar and operational
research, Wilkes worked on the early development
of computers, leading the team which built EDSAC
(Electronic Delay Storage Automatic Calculator),
the first machine to use delay lines to store infor-
mation. The delay lines were mercury-filled tubes
(1.5 m long) with piezoelectric crystals at either
end; incoming signals generated a pressure pulse
which was transmitted through the mercury to the
second crystal, where it was converted back into an
electrical impulse. Several such devices and suit-
able amplification allowed an electrical signal to be
stored indefinitely, an essential requirement of a
computer ‘memory’. EDSAC ran its first program 
in 1949 and was a milestone in the development 
of computers. EDSAC II, in service from 1957,
included among its improvements the use of 
magnetic storage in place of delay lines. Wilkes
continued to play a leading role in computer devel-
opment.

Wilkinson, Sir Geoffrey (1921–96) British inor-
ganic chemist: carried out important work on the
structure of metallocene compounds and transi-
tion complexes.

Wilkinson, born in Todmorden, Yorkshire, studied
at Imperial College London. After 13 years in Canada
and the USA he returned to London in 1956 as pro-
fessor of inorganic chemistry. While at Harvard
University in 1952 he published with Woodward
and others a paper on the remarkable compound
(C5H5)2Fe, ferrocene. They showed that this has a
structure with an iron atom sandwiched between
two flat five-carbon rings. Thousands of ‘sandwich
type’ molecules have now been made, containing
other metals and other-sized rings (the ‘metal-
locenes’); even three-decker sandwiches are known.
For his work on metallocenes Wilkinson shared the
1973 Nobel Prize with E O Fischer (1918–94) of
Munich, who had worked independently on similar
lines. Wilkinson also worked on transition metal
complexes, and discovered the first homogeneous
system for catalytic hydrogenation of C=C bonds by
use of the rhodium complex RhCl[P(C6H5)3]3.

Williams, Cicely (1893–1992) British paediatrician:
identified the condition known as kwashiorkor.

Andrew Wiles announcing his results on Fermat’s Last
Theorem in 1993 at the Isaac Newton Institute for
Mathematical Sciences, Cambridge, England.
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Williamson, Alexander William (1824–1904)
British chemist: demonstrated the chemical rela-
tionship between alcohols and ethers.

Born in London, Williamson lived with his par-
ents on the Continent, studied chemistry in France
and Germany and became head of chemistry at
University College, London. He is remembered for
the Williamson synthesis of ethers, in which a
sodium alkoxide reacts with an alkyl halide, ie
RONa + R1I → ROR1 where R,R1 are alkyl groups.

By use of this reaction (1851) the relation between
alcohols and ethers became clear. As he lacked one
eye and had only one usable arm, Williamson’s
prowess as a practical chemist is surprising.

Willis, Thomas (1621–75) English anatomist: made
important studies of anatomy of the brain.

Willis studied classics and then medicine at
Oxford; for a time he served in the Royalist army in
the Civil War. He was one of the small group of
‘natural philosophers’ (including Boyle) who met
in Oxford in 1648–9 and who were founder mem-
bers of the Royal Society of London. His main work
was on the anatomy of the brain; the softness of
brain tissue makes study of its circulation difficult,
but Willis improved on earlier work by injecting
the vessels with wax; he thus saw the ring of vessels
now known as ‘the circle of Willis’. He also worked
on fevers and he described a type of diabetes in
which the excessive urine has a sweet taste. In 1776
this was found to be due to sugar, and in the 1920s
this disease (diabetes mellitus) was brilliantly
explored and effectively treated by Banting and C
H Best (1899–1978). Willis was also the first to pro-
pose that the essential feature of asthma is spasm
of the bronchial muscles.

Willstätter, Richard [vilshteter] (1872–1942)
German organic chemist: discovered the structure
of chlorophyll.

Willstätter was 11 when his father left Germany
for New York to establish a clothing factory, follow-
ing the successful example of his brothers-in-law.
An expected short separation lengthened to 17
years as success came to him slowly; and it was his
wife and her family who brought up his two sons.
Richard’s interest in chemistry was prompted by
visits to his uncle’s factory for the production of
carbon for batteries.

He graduated at the University of Munich, stud-
ied under Baeyer and gained his PhD in 1894 for
work on alkaloids. He obtained a professorship at
the University of Zürich (1905–12) and worked on
plant pigments, quinones and the chemistry of
chlorophyll. Using the chromatographic technique
developed by Tswett he worked out the structure
of both the a and b form of chlorophyll. He showed
that chlorophyll contains a single atom of magne-
sium in its molecule, rather as haemoglobin con-
tains a single iron atom. His work on cocaine
derivatives, begun in Munich, led to the synthesis
of new medicinals and the chemical curiosity cyclo-
octatetraene. He was awarded the Nobel Prize for
chemistry in 1915 for his work on plant pigments.

He returned in 1912 to the Kaiser Wilhelm

Cicely Williams was born in Jamaica, of a land-
owning family that had been there since the 17th-c.
She was educated in England at the Bath High
School for Girls and at Somerville College, Oxford,
where she read medicine. She was one of the first 50
female undergraduates to have their degrees con-
ferred in the Sheldonian Theatre in 1920. She
trained at Queen’s College Hospital for Children,
Hackney and at King’s College, Camberwell, but
found it difficult to get a medical post, partially
because of the priority given to returning ex-ser-
vicemen. After a year as a medical officer in Greece
she joined the Colonial Health Service and, after a
wait of 2 years, was appointed to the Gold Coast
(now Ghana). Here she found a condition that
results from dietary protein deficiency due to a
high intake of carbohydrate of low nutritional
value. This nutritional deficiency disease causes 
the abdomen to swell, the hair to turn red, the 
liver to enlarge and life-long ill-effects in children
under 2. This disease has ravaged children in
drought and war-torn areas of maize-eating Third
World countries.

Cicely Williams first described the condition in
the 1931–2 volume of the annual medical report of
the Gold Coast. The reaction of medical editors in
London was to reject her paper; as she said, ‘They
could not concede that a woman in the Gold Coast
of all places had anything to say which concerned
them’. However the paper was then published in
The Lancet and here the condition was named and
described for the first time in medical terms. She
used a word, kwashiorkor (from the local language,
Ga), which means ‘neglect of the deposed’, to
describe the condition.

After 7 years in Africa Williams was transferred to
Malaya and was in a remote province when in 1941
Pearl Harbor was attacked. After weeks of hardship
and danger she reached Singapore just as the
Japanese invaded. Imprisoned in the notorious
Changi jail she became its chief doctor and was
proud of the fact that the 20 babies born there all
survived. In 1943 she was taken to the headquarters
of the Kempe Tai, the equivalent of the Gestapo,
and interrogated as a spy, spending 4 months in a
cage in which she could only crouch, along with the
dead and the dying.

After the war she was sent to America for recu-
peration and postgraduate study at Johns Hopkins
University. In 1948 she was appointed the first head
of the Mother and Child Care unit at the World
Health Organization in Geneva. From 1959 she
became visiting professor of maternal and child
health at the American University of Beirut and
from 1964 overseas training adviser to the Family
Planning Association. Cicely Williams was the first
woman to be given an honorary fellowship of the
Royal Society of Medicine (1977). In 1985, aged 92,
she became a Fellow of Green College, Oxford.

She was a pioneer of women’s place in the 
medical profession and her ideas and methods 
of treatment in paediatrics are now followed 
internationally.



Institute at Berlin–Dahlem where he worked on the
carotenes and anthocyanins. During the First
World War Willstätter worked on gas masks and
devised a filling of hexamethylenetetramine to
absorb phosgene; layered with active carbon it was
effective against the gases of the time. In 1916 he
succeeded Baeyer to the chair in Munich and
worked on photosynthesis, with A Stoll (1887–?),
and on enzymes, notably catalase and peroxidase.

In 1925 he resigned his professorship in Munich
in protest against increasing anti-semitism, in par-
ticular his faculty’s rejection of the appointment of
V M Goldschmidt, the geochemist, because he was
Jewish. Willstätter had resigned his post at 53 with-
out a pension, and losing the house, the status and
the protection that went with it.

He was now alone – his wife had died many years
before after only 5 years of marriage, shortly to be
followed by the death of a small son. His daughter
had married and was living in the USA. Despite
many offers of posts in other countries he wished to
stay in his own country. The next few years were
spent in travelling, lecturing and continuing what
research he could, with the help of Margarete
Rohdewald who was allowed space in the labora-
tory and who reported her findings by telephone.

It was she who in November 1938 heard that
members of the National Socialist party had been
requested to volunteer for the arrest of Jews and
warned Willstätter. He was able to avoid an imme-
diate journey to Dachau, but he then knew he had
to leave Germany to survive. He was determined to
emigrate to Switzerland in a proper manner, but
his patience and dignity were to be tested in the fol-
lowing months while he was gradually stripped of
his possessions in return for his passport. With help
from his former student Stoll and influential
friends in Switzerland he crossed the border in
March 1939.

Wilmut, Ian (1944– ) British embryologist: led
team which produced the first clone from a
mammal (a sheep) using adult cells.

Wilmut studied biology at Nottingham, and
worked for his doctorate at Cambridge in embryol-
ogy. There he studied the effect of freezing on pig
semen, and by 1973 he had produced the first calf
obtained by using a frozen embryo. From 1974 he
was at the Roslin Institute, Edinburgh (formerly the
Animal Research Breeding Station). From the 1980s
he was concerned with cloning. A clone is derived
from a single progenitor by asexual means: it there-
fore has a near-identical genetic constitution. A
rooted vegetative cutting is a plant example. In
1995 Wilmut and his co-workers produced two
sheep cloned from differentiated embryo cells; but
their best-known success was achieved in 1996,
when they produced a cloned lamb from the adult
cells of its single parent. (The lamb was named
Dolly after the singer Dolly Parton.) Cloning of a
mammal from adult tissue had been achieved for
the first time. The nucleus of a mammary gland cell
from a 6-year-old Finn Dorset sheep was implanted
into an emptied egg from another sheep, and cell
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division then triggered by an electric spark. (This
step somewhat recalls Mary Shelley’s 19th-c sci-
ence-fiction novel, Frankenstein.) The embryo was
then brought to term in a sheep’s womb to give a
lamb (Dolly) genetically identical with the donor of
the nucleus. Success came after 450 attempts by the
team led by Wilmut at the Roslin Institute. By 1998
clones of mice and calves were made by related
methods, at Edinburgh and elsewhere. Animal
cloning could be used to replicate ‘elite’ animals:
and to produce humanized tissues, organs and pro-
teins for medical use. In principle human cloning is
a possibility but is widely seen as undesirable.

Wilson, Charles Thomson Rees (1869–1959)
British physicist: the inventor of the Wilson cloud
chamber.

Wilson left a Scottish sheep farm as a child of 4,
and was educated in Manchester, eventually as a
biology student there. Then he went to Cambridge,
did well in physics and became a teacher in
Bradford for 4 years before returning to Cambridge
in 1896 and staying there for a long career.

In 1894 he had been attracted by the brilliant
cloud effects he observed from the summit of Ben
Nevis, and in Cambridge he examined methods of
producing artificial clouds in the laboratory by the
sudden expansion of moist air. The expansion
drops the temperature of the gas and the water
vapour partly condenses as droplets on the walls
and on any available nuclei. Wilson showed that if
filterable dust is absent, then charged ions (pro-
duced eg by X-rays) will serve as nuclei. By 1911 he
had devised his cloud chamber, in which the path
of an ion is made visible as a track of water droplets.
It was soon used to detect and examine the alpha-
and beta-particles from radioelements, and it
quickly became a favourite device for particle
physicists, especially in the 1920s and 1930s. It was
also the ancestor of the bubble chamber devised by
Glaser in the 1950s.

Another of Wilson’s researches also began on Ben
Nevis, as a result of his own electrification (his hair
stood on end) during a storm in 1895. He studied
electrical effects in dry and moist air and he noted
that a sensitive, well-insulated electrometer shows
slow leakage, by day or night, even underground;
he concluded that radiation from sources outside
the atmosphere might be the cause. In 1911 V F
Hess studied this further, and the discovery of
cosmic rays proved that Wilson was right. His inter-
est in atmospheric electricity remained; in his long
retirement in Scotland, he flew at age 86 over the
Outer Isles to observe thunderstorms, and presented
his last paper on this subject, aged 87. He shared the
Nobel Prize in 1927 for his cloud chamber.

Wilson, Edward Osborne (1929– ) US biologist:
creator of sociobiology.

Educated at Alabama and Harvard, Wilson taught
at Harvard from 1956. He is best known for his
remarkable work on social insects and its wider
implications in animal behaviour and evolution. 
In developing his theory on the interaction and
equilibrium of isolated animal populations, he and



Wilson, John Tuzo

380

rather than one sinking beneath the other in a sub-
duction zone. Mid-ocean ridges often consist of a
series of offsets connected by transform faults.

Wilson, Kenneth Geddes (1936– ) US theoretical
physicist: discovered the renormalization group
technique for treating phase transitions.

While one phase or another of a physical system
may be easily analysed theoretically, similar analy-
sis of the transition between phases had proved vir-
tually impossible. This is because the length scale
on which physical interactions are taking place
changes rapidly through many orders of magni-
tude. In 1974 Wilson developed the first technique
able to cope with such transitions, which are called
critical phenomena. An example is the onset of fer-
romagnetism in a magnet cooled below the Curie
point, when the atoms interact with each other and
become aligned over large volumes of the magnet.
The distance over which ordering of atomic spins
occur goes from an atomic diameter to many thou-
sands of diameters under a very small change in
temperature.

L Kadanoff (1937– ) had suggested that the effec-
tive spin of a block of atoms should be found and
then a renormalization (or scaling) transformation
made to calculate that of a larger block made up of
the small blocks. Wilson developed this method
and showed how to calculate the properties of large
numbers of atoms strongly interacting with each
other, as in magnetic systems, metal alloys or
liquid-to-gas transitions. He was awarded the Nobel
Prize for physics in 1982.

Wilson, Robert Woodrow (1936– ) US physicist:
co-discoverer of the cosmic microwave background
radiation.

Wilson graduated at Rice University, Houston
and California Institute of Technology. Thereafter
he took up a post at the Bell Laboratories, Holmdel,
NJ and became head of the radiophysics research
department in 1976.

At Bell, Wilson collaborated with Penzias in
experiments using a large radio telescope designed
for communication with satellites. In 1964 they
detected a radio noise background coming from all
directions; it had an energy distribution corre-
sponding to a black body at a thermal temperature
of 3.5 K. The explanation given by Dicke and P J E
Peebles (1935– ) was that the radiation is the
residual radiation from the ‘Big Bang’ at the uni-
verse’s creation, which has been cooled to 3.5 K by
the expansion of the universe. This cosmic back-
ground radiation had been predicted to exist by
Gamow, Alpher and R C Herman (1914–97) in 1948.
Wilson and Penzias together won half the 1978
Nobel Prize for physics for their work.

Windaus, Adolf (1876–1959) German organic
chemist: a major contributor to steroid chemistry.

Windaus first studied medicine, but was
attracted into organic chemistry by attending lec-
tures by Emil Fischer. He became professor at
Göttingen in 1915, and remained there. From 1901,
when he was 25, he worked (like Fischer) with nat-
ural products and became the dominant figure in

D S Simberloff (1942– ) experimented on some
small islands in the Florida Keys. They first sur-
veyed the insect species present (75 of them) and
then eliminated all insect life by fumigation. Study
of the recolonization of the islands by insects over
some months showed that the same number of
species became re-established, confirming their
prediction that ‘a dynamic equilibrium number of
species exists for any island’. Wilson went on to
consider biological and genetic controls over social
behaviour and organization in a variety of species
in his book Sociobiology: the New Synthesis (1975),
which virtually created a new subject, integrating
ideas on the behaviour of a range of species from
termites to man. The work has both stimulated
valuable research and provoked vigorous discus-
sion through its extension of ideas on animal
behaviour to include human cultural and ethical
conduct.

Wilson, John Tuzo (1908–93) Canadian geophysi-
cist: proposed the concept of the transform fault in
plate tectonics, and the ‘hot spot’ theory for the
creation of mid-ocean islands.

Wilson worked for the Canadian Geological
Survey before being appointed professor of geo-
physics at Toronto in 1946, a post he held until his
retirement in 1974. Although initially a staunch
opponent of continental drift, Wilson is now
known for his notable contributions to plate tec-
tonics. In 1963 he provided some of the earliest sup-
port for the sea-floor spreading hypothesis of H H
Hess by pointing out that the age of islands on
either side of mid-ocean ridges increases with their
distance from the ridge. He subsequently suggested
that there exist ‘hot spots’ in the mantle where
plumes of mantle material rise due to convection
currents, and that as the lithospheric plates pass
over them volcanic islands are formed. His other
important contribution has been the concept of the
transform fault, introduced in 1965, which occurs
where continental plates slide past one another

E O Wilson



unravelling the intricate chemistry of the steroid
group. His successes here included, especially, his
work on the vitamin D group. He also worked on vit-
amin B1 and discovered the biogenic amine hista-
mine, a key compound in allergy. He won the Nobel
Prize for chemistry in 1928.

Withering, William (1741–99) British physician:
made classic study of the medicinal use of digitalis.

A graduate of Edinburgh, Withering practised in
Stafford and then moved to Birmingham at the sug-
gestion of Erasmus Darwin of Lichfield (grandfather
of Charles Darwin). He was a member of the Lunar
Society, a group of Midland scientists including
Priestley, J Wedgwood (1730–95) and M Boulton
(1728–1809), who met monthly at the full moon (to
assist their homegoing) and he was a keen botanist.
Finding that an extract of herbs had long been used
to treat ‘dropsy’ (oedema), Withering made a careful
study of the matter and found that the active herb
was the foxglove and that some cases of oedema
could indeed be treated effectively with foxglove
leaf extract. He gave an excellent report of this work
in his classic An Account of the Foxglove... (1785); it is
modern in style, with good case histories and
includes failures as well as successes. It was later
found that the extract contains digitalis, which
steadies and strengthens heart action and which is
still used for this.

He was also a mineralogist, and witherite (barium
carbonate, BaCO3) is named after him. He suffered
greatly from chest disease (probably tuberculosis)
and lived for years in a controlled atmosphere. His
decline inspired the epigram ‘the flower of Physick
is Withering’.

Wöhler, Friedrich [voeler] (1800–82) German
chemist: achieved a synthesis of urea and first made
many novel inorganic and organic compounds.

Wöhler, Friedrich

Young Wöhler was not very successful as a school-
boy; his passion for chemistry distracted him from
all else. He graduated in medicine and at once
moved to chemistry by joining Berzelius for a year.
On his return to Germany he began teaching chem-
istry, which was to fill his life; he was professor 
at Göttingen from 1836 until his death. Wöhler 
discovered the cyanates, and in 1828 he showed
that ammonium cyanate when heated gave urea:
NH4CNO → CO(NH2)2. Urea is a typical animal prod-
uct, so that this reaction could be interpreted as
marking the end of the idea of a ‘vital force’ essen-
tial for the chemistry of life. In fact several odd 
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Woodward’s career was marked throughout by
brilliance. He went to the Massachusetts Institute
of Technology when he was only 16, was ‘sent
down’ for a year for ‘inattention to formal studies’
but nevertheless emerged with his PhD at 20. Soon
he moved to Harvard, and remained there. He did
major work in most areas of organic chemistry, but
his most striking work was in the synthesis of 
complex natural products. His successes in synthe-
sis included quinine (1944), cholesterol and corti-
sone (1951), lysergic acid (the parent of the
hallucinogen LSD) and strychnine (1954); the first
major tranquillizer, reserpine (1956), chlorophyll
(1960) and the tetracycline antibiotics (1962). The
high point was the synthesis of vitamin B12 (cyano-
cobalamin) in 1971, after 10 years’ work in collabo-
ration with a team of Swiss chemists, led by 
A Eschenmoser at ETH Zurich. Woodward, fuelled
in the hundred-stage synthesis by a mixture of
whisky, cigarettes and arrogance, died before the
Nobel committee could consider the award to him
of a second prize: he had been awarded one Nobel
Prize in 1965.

In each case the work was marked by the elegance
and ingenuity of the synthesis, in making a valu-
able and highly complicated product from simple
starting materials, using a large number of chemi-
cal steps. His methods frequently provided novel
general syntheses of other compounds. In 1965 
he developed the Woodward–Hoffmann rules 
concerning the path of a large class of addition
reactions.

He had a remarkable memory, an unsurpassed
knowledge of organic chemistry and a cool wit. In
many ways modest, at conferences he sported a
blue silk tie embroidered with the full formula of
strychnine, which he had synthesized in 50 stages,
each well planned.

Wright, Sewall (1889–1988) US geneticist: discov-
erer of genetic drift.

A graduate of Illinois and Harvard, Wright joined
the US Department of Agriculture in 1916, where
he worked particularly on stock improvement.
Later he taught at Chicago, Edinburgh and
Wisconsin. In his stock improvement studies his
aim was to find the best combination of inbreeding
and crossbreeding to achieve this. He used guinea
pigs as a convenient test animal and developed a
mathematical scheme to describe evolutionary
development. In his work on small isolated animal
populations he found that some genes can be lost
randomly, because the few individuals having
them may not reproduce successfully. This loss can
lead to new species without the normal processes
of natural selection being involved, and is known
as the Sewall Wright effect, a process of random
‘genetic drift’ which can be important in small 
populations.

Wright, Wilbur (1867–1912) and Orville Wright
(1871–1948) US aviators: made and flew the first
successful aeroplane.

The Wright brothers were a very remarkable pair
indeed. Through the second half of the 19th-c a

features confuse this. Wöhler’s cyanate was made
by a process which was not wholly inorganic. Also,
J Davy (1790–1868) had made urea in 1812 from NH3
and COCl2 but had not realized what he had made
from these truly inorganic reactants. Syntheses by
Kolbe and by Berthelot in the 1840s and 1850s
marked the real logical end of vitalism; but
Wöhler’s work in 1828 ended it in the minds of
many chemists.

In 1832 Wöhler’s young wife died and, to distract
him, Liebig invited him to Giessen for some joint
work. This was a study of ‘oil of bitter almonds’,
probably suggested by Wöhler; and from the oil
(benzaldehyde) they made the related acid, chlo-
ride, cyanide and amide. Structure theory was yet
to come; but the two recognized that a group of
atoms (the benzoyl group, C6H5CO) was present in
all these compounds. This was the first substantial
‘compound radical’ to be recognized, and this
recognition was the beginning of the end of a
period of confusion in organic chemistry.

Wöhler first made aluminium and beryllium,
crystalline boron and silicon, and calcium carbide,
and he saw (in 1863) the analogy between com-
pounds of carbon and those of silicon.

In his long and valuable friendship with Liebig,
Wöhler displayed none of the enthusiasm Liebig
had for controversy. Wöhler had a lighter view; he
was the writer of a skit on Dumas’s substitution
theory which was published in the Annalen under
the name S Windler. Later he remarked that he
should have given a French name such as Ch
Arlaton. He enjoyed writing and teaching even
more than research, and probably taught about
8000 students in his life.

Wollaston, William Hyde (1766–1828) British
chemist: discoverer of palladium and rhodium and
pioneer of powder metallurgy.

Wollaston’s father’s family included several sci-
entists and physicians and he followed both inter-
ests, at Cambridge and in London. However, in 1800
he gave up his medical practice and in partnership
with S Tennant (1761–1815) made his income from
the sale of platinum and devoted his time to work
in chemistry, optics and physiology. He discovered
palladium in 1802 and announced this weirdly by
anonymous notices offering it for sale; his discov-
ery of rhodium (also from crude platinum ore) he
announced in the usual way, in 1804. Malleable
platinum had not been made previously, but
Wollaston produced it by methods now basic to
powder metallurgy. Not unreasonably, he did not
give details of his methods until shortly before his
death.

Woolaston was very inventive and wide-ranging
in his scientific work, and his lasting contributions
include a reflecting goniometer (for measuring
crystal angles), a modified sextant, an improved
microscope and the discovery of the vibratory
nature of muscular action.

Woodward, Robert Burns (1917–79) US organic
chemist: probably the greatest deviser of organic
syntheses.



number of individuals in Europe and the USA had
attempted flight with heavier-than-air devices but
without real success, at best operating unmanned
models. The Wrights, sons of a non-conformist
bishop in Dayton, OH, and owners of a small bicy-
cle-making firm, began to experiment in 1896. They
recognized that control was as important as stability
and that systematic experimentation was needed,
and settled down to a programme of wind tunnel
experiments on wing sections (aerofoils) and made
over 1000 flights with unmanned biplane gliders
near Kitty Hawk on the North Carolina coast. One
important step was their study of buzzards in 1899,
which made it clear to them that three-axis control
was needed (to bank, turn, and elevate or descend)
and that the bird achieved control over roll by
twisting its wings.

By early 1903 they had a biplane with control
achieved by warping (twisting) the wings in unison
along with a rudder, and with an elevator at the
front. They devised an efficient propeller and made
a small (12 hp, ie 9 kW) petrol engine, which was
fitted to a new biplane, driving two ‘pusher’ pro-
pellers; the craft had skids and not wheels and the
pilot lay on the lower plane. On a cold windy
December morning in 1903 the first controlled,
powered and manned flights were made at Kitty
Hawk, two by each brother. They made two more
aircraft; the last, Flyer III of 1905, could make fig-
ures of eight and remain airborne for half an hour.
Despite French and British enthusiasm, European
results were poor until Wilbur visited Europe and
demonstrated their success in the year they ceased
to fly, 1908. They deserve great credit; in compari-
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son, the attempts of their predecessors seem inept
and those of their successors to be natural develop-
ments from the Wright brothers’ work. (See panel
overleaf.)

Wu, Chien-Shiung (1912–97) Chinese–US physicist:
team member of group who confirmed experimen-
tally that parity is not conserved by the weak
nuclear force.

Born in Shanghai, Wu moved to the USA in 1936,
having completed her degree in China. Under
Lawrence she obtained her doctorate from the
University of California at Berkeley in 1940 and
took up a post at Princeton. From 1946 she taught
at Columbia University, becoming professor of
physics in 1957.

Wu had intended to return to China after her
postgraduate work in physics, but war and after-
wards communism stopped that. Columbia
became her home, and she and her husband
became US citizens in 1954; but she retained her
Chinese dress style, her Chinese name and her
preference for Chinese food.

From 1946 she became expert on beta-decay in
radioactive atoms, the process whereby an electron
and a neutrino are ejected from a neutron in the
nucleus, leaving behind a proton.

In 1957 she developed her research on nuclear
decay by emission of beta particles by observing
that the direction of emission is closely tied to the
direction of the spin of the emitting nucleus. The
critical experiments used radioactive cobalt-60,
(half-life 10.5 min) cooled close to absolute zero. In
a difficult experiment, she and four colleagues
showed that beta particles are not emitted in equal

Wright Flyer of 1908 with Orville Wright at the controls: he sits facing the elevators, placed at the front of this aircraft.



Panel: The history of aeronautics

THE HISTORY OF AERONAUTICS

As early as the 16th-c, Leonardo da Vinci was design-
ing flying machines based on emulating the flapping
motion of birds’ wings, but the vehicle which first
carried people clear of the Earth’s surface was a hot-
air balloon constructed by the MONTGOLFIER brothers
and flown on an ascent over Paris in 1783 by their vol-
unteer friends de Rosier and d’Arlandes. In France
CHARLES was developing a hydrogen balloon (or aero-
stat) at about the same time, but it was 1852 before
the practical problems of controlling direction of travel
and coping with adverse weather were overcome by
the development of the balloon into an airship by
Henri Giffard (1825–82). Early in the 20th-c Zeppelin
in Germany had military and commercial success with
airships, and small helium-filled versions still find use.

In the intervening period, research was being con-
ducted using models which would be recognized
today as a conventional aircraft configuration and, by
1853, SIR G CAYLEY, the father of aeronautics, had
established the theory and constructed a man-carrying
glider. Also during this period (1847) John Stringfellow
(1799–1883) and William Henson built a steam-
powered aircraft which, although incapable of sus-
tained flight, influenced subsequent aircraft design.
LANGLEY also had limited success.

The development of man-carrying gliders was
pursued vigorously by Otto Lilienthal (1849–96) who,
from his study of bird flight, recognized the impor-
tance of curved aerofoil sections to increase the effi-
ciency of wing surfaces. With the continuing
refinement of the internal combustion engine,
invented in 1876 by OTTO and successfully harnessed
to car propulsion by Karl Benz (1844–1929) in 1885,
the way was cleared for the most significant landmark
in manned, powered, controlled flight. In 1903,
ORVILLE WRIGHT took off and flew for 12 seconds in a
12-hp engined biplane constructed with his brother
Wilbur, in their cycle workshop, after a full programme
of experimentation. As the reliability of the structures
and engines improved, the latter particularly through
Lawrence Hargrave’s (1850–1915) radical rotary
engine design, so pioneers exploited the new medium.
Amongst these were Henri Farman (1874–1958), who
made the first cross-country flight in 1908, and Louis
Blériot (1872–1936), who flew across the English
Channel the following year.

The First World War provided a powerful stimulus
to all aspects of aeronautical research and develop-
ment, and in 1919 Alcock and Brown crossed the
Atlantic in a twin-engined Vickers Vimy bomber. This
feat was followed by flights of ever-increasing range,
including the overflight of the North Pole by Richard
Byrd (1888–1957) in 1926 in an aeroplane and by
Roald Amundsen (1872–1928) in an airship. Later 

pioneering aircraft flights included Lindbergh’s solo
crossing of the Atlantic; Amelia Earhart’s over the
Atlantic and the Pacific oceans; Amy Johnson’s from
England to Australia, and Mollison’s to South Africa
and India.

The Second World War created a similar impetus.
By the end of that conflict the later Marks of the
Spitfire, designed by Reginald Mitchell (1895–1937);
the Hurricane, designed by Sidney Camm (1893–1966)
and the Messerschmitt, designed by Wilhelm
Messerschmitt (1898–1978) and Walter Rethel, were
representative of the highest states of evolution of
piston-engined aircraft. This war also heralded the
arrival of the jet fighter; in 1939 the Heinkel HE 178,
built by Ernst Heinkel (1888–1958) became the
world’s first combat jet aircraft. It was followed less
than two years later by the Gloster E 28/39 powered by
a jet engine designed by WHITTLE.

Rocket-powered aircraft had been introduced into
limited service by the Luftwaffe during the later stages
of the war, and research was continued in the USA. In
1947, Charles (Chuck) Yeager (1923– ) flew a Bell X-
1 rocket powered research aircraft to became the first
man to fly faster than the speed of sound
(1200 km h–1/760 mph at sea level) breaking the so-
called sound barrier. This marked a significant
advance in aeronautical engineering.

The considerable use of long-range bomber 
aircraft during the war led directly to the improvement
of passenger-carrying aircraft, and to the 
rapid growth of international air travel. By 1968 the
world’s first supersonic airliner, the Tupolev TU-144,
had flown, followed a little later by the Anglo-French
Concorde. The latter continued in scheduled service,
with a normal cruising speed twice that of sound.

Among other significant developments were Sidney
Camm’s Harrier, the first Vertical-Take-Off-and-
Landing (VTOL) aircraft successfully to enter service;
and the incorporation on some aircraft, notably the
General Aerodynamics F-111 fighter bomber and the
BAC Tornado, of swing wings. This concept, first con-
ceived by B N WALLIS, enables the angle of sweep-back
of the wings to be varied in flight, in order to optimize
aerodynamic efficiency during the various stages of
flight.

With some military aircraft capable of reaching and
operating on the fringes of space, the distinction
between aeronautics and astronautics is becoming
increasingly blurred. Indeed, future developments will
probably draw on both sciences. The concept of air-
craft taking off from normal airfields and climbing to
achieve Earth orbit, before re-entering the atmosphere
prior to a conventional aircraft style approach and
landing, has been explored by British Aerospace in the
Horizontal-Take-Off-and-Landing (HOTOL) project. 

Geoff Leeming
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numbers when the cobalt nuclei are aligned in a
magnetic field: more are emitted in the direction
opposite the field (and therefore opposite to the
direction of nuclear spin). The emission process,
therefore, is not identical for a mirror image
system; and the physical laws do not remain
unchanged under a parity change. This extraordi-
nary result had however been predicted by Yang
and Lee, who had deduced that the weak nuclear
interaction would not be identical under a parity
change. The results of this work were far-reaching
and many basic assumptions in physics were called
into question.

Wu then set out to confirm Feynman and Gell-
Mann’s theory of beta decay (1958), which predicted
conservation of a vector current. She confirmed
this in 1963. She also observed that electromag-
netic radiation that is polarized is released on elec-
tron–positron annihilation, as predicted by Dirac’s
theory of the electron.

Wurtz, Charles Adolphe (1817–84) French organic
chemist: a pioneer of organic synthesis.

Wurtz’s father gave him the choice of studying
theology or medicine. As he wished to be a chemist
Wurtz chose medicine, graduated and diverted to
chemistry. He became assistant to Dumas and suc-
ceeded him as professor in the École de Médicine.
He was an exuberant lecturer; and his research lab-
oratory in Paris was unique in Europe in attracting
as many able young men as the laboratories in
German universities. His early research was on the
oxoacids of phosphorus, and he also discovered
POCl3.

Soon he moved to organic synthesis, where his
many successes included the discovery of the first
amines, from the reaction of base with an alkyl iso-
cyanate; in this way he made CH3NH2 and
CH3CH2NH2. In 1855 he showed that reactive alkyl
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halides react with sodium metal to give hydro-
carbons (the Wurtz reaction): for example,

2n–C4H9Br + 2Na → n–C8H18 + 2NaBr.
The reaction has been used to make very long-

chain hydrocarbons from, for example, 1-iodo-n-
pentacontane: 

2C50H101I + 2Na → C100H202(n-hectane) + 2NaI. 
The longest-chain non-polymeric compound

known by 1985 was tetraoctacontatrictane
CH3(CH2)382CH3, ie C384H770.

Wurtz was a major supporter of both Dumas’s
and Gerhardt’s early theories on the nature of
organic compounds.

Wynne-Edwards, Vero Copner (1906–97) British
biologist: proposed animal altruism as basis for
population homeostasis control.

An Oxford graduate, Wynne-Edwards taught at
McGill University, Montreal from 1930–46 and
thereafter at Aberdeen. In Montreal he worked on
the distribution of sea birds, making four round
trips by Cunarder over the Atlantic in 1933 to see
the changes in species with the seasons, and began
to gather the results that were to be fully developed
in his book Animal Dispersion in Relation to Social
Behaviour (1962). He proposed that animal popula-
tions use hormonal devices and social mechanisms
including territoriality, dominance hierarchies
and grouping in flocks as methods of controlling
population size; and that they will sacrifice their
own survival and their fertility for the good of the
group, whose survival depends on avoiding overuse
of the available resources. This view of animal 
altruism provoked vigorous discussion and research
in ethology and ecology; the book has been highly
influential in its proposal for ‘population homeo-
stasis’ and its ideas have been both criticized and
developed by others, including D L Lack (1910–73), 
J Maynard Smith (1920– ) and E O Wilson.



Yang–Mills theory. This proved to be an important
new departure in theories of elementary particles
and quantum fields.

Yanofsky, Charles [yanofskee] (1925– ) US geneti-
cist: experimentally verified the hypothesis that
the DNA base sequence codes for protein synthesis.

A graduate in chemistry from New York who
went on to work in microbiology at Yale, Yanofsky
afterwards worked at Yale and Stanford on gene
mutations. His best-known work was his demon-
stration of the validity of Crick and Watson’s 
suggestion of 1953 that the sequence of bases in 
the genetic material DNA determines the order of
the amino acids that make up proteins, including
of course the enzymes critical to living systems.
Yanofsky secured his evidence on this by ingenious
experimentation using mutant strains of a bac-
terium; these were isolated and the positions of the
mutations in the gene were mapped. Likewise, the
amino acid sequences were determined in the vari-
ous mutant forms of the enzyme produced by these
strains. It could then be shown that the changes in
amino acid sequences correspond with the mutant
sites on the genetic map, in accord with the theory.

Young, James (1811–83) British chemist: a pioneer
petroleum technologist.

Young was a part-time student in Glasgow,
attending ‘night-school’ classes in chemistry given
by Graham; he became Graham’s assistant. From
1843 he was employed in the chemical industry
and in 1848 he set up a small works in Derbyshire
to purify oil from a seepage, and marketed it for
lighting and as a lubricant. When after 3 years the

Yalow, Rosalyn, née Sussman [yalow] (1921– ) US
nuclear physicist: developed the radioimmunoassay
method.

A physicist with a special interest in radioiso-
topes, Rosalyn Yalow turned to nuclear medicine
and from 1972 was Senior Medical Investigator 
for the Veterans Administration. Working with 
S A Berson (1918–72) in a New York hospital, she
developed from the 1950s the method of radioim-
munoassay to detect and measure peptide hor-
mones (such as insulin) in the blood. The method
has proved of great value both in locating the
origin of hormones in the body, and in clinical diag-
nosis and treatment of a variety of diseases and
male and female infertility. Extension of the
method in the UK has led to better control of
digoxin therapy in heart disease and diagnosis of
neural crest disease (eg spina bifida) in the fetus.
The method can be used to measure very small
amounts (10 –12 g) of any substance for which an
antibody can be made. Its value in diagnosis and in
the control of medication is immense.

Rosalyn Sussman had been a forthright child and
her attempts, as a female and Jewish New Yorker, to
enter her chosen career before the Second World
War did not soften her. Experience as a physicist in
the Veterans Hospital, dominated by medical men
and service officers, made her abrasive. After
Berson’s death she saw that he had been assumed to
be the creative member of their 22-year, highly
effective professional partnership. Stung by this,
she increased her research output in the 20 years
before her retirement and became even more con-
frontational, unsoftened by her Nobel Prize in 1977.

Yang, Chen Ning (1922– ) Chinese–US physicist:
showed that parity is not conserved by the weak
nuclear force.

Yang, the son of a professor of mathematics,
received his college education in Kunming in China.
Taking up a fellowship for travel and research in
America he completed a PhD under Teller at
Chicago. He joined the Institute for Advanced Study
at Princeton in 1949. He became director of the
Institute for Theoretical Physics at the State
University of New York, Stony Brook in 1966.

It is Yang’s work in collaboration with Lee which
is justly celebrated as a turning point in the devel-
opment of theoretical physics: they showed that
the law of conservation of parity (ie that physical
laws are unaltered in mirror-image systems) does
not hold for the weak nuclear interactions (1956).
The prediction was confirmed by Wu’s thorough
experimental study and quickly led to the award of
a Nobel Prize for physics to Yang and Lee (1957).

Yang is also noted for his development of a non-
Abelian gauge theory with R L Mills (1924– ), the

Y
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seepage was exhausted he moved to West Lothian
in Scotland and began to extract oil from oil shale
deposits by distillation. He founded the Scottish oil
shale industry and was one of the first to apply
chemical methods to oil handling.

His other ventures included a measurement of
the speed of light by Fizeau’s method; and he gave
financial support for the explorations of David
Livingstone (1813–73), who had been a fellow stu-
dent and friend in Glasgow.

Young, Thomas (1773–1829) British physiologist,
physicist and Egyptologist: established the wave
theory of light.

Young surely had one of the most acute minds of
his century, but his diversity of interests and his
tendency to move to new ones rather than consoli-
date his ideas, caused credit for some of them to 
go to others. His father was a banker, and for
unknown reasons the boy lived largely with his
grandfather. He was a precocious child who could
read at the age of 2; he had a good knowledge of five
languages at 13 and of eight more oriental lan-
guages at 14. At this time a young schoolmaster
also introduced him to telescope-making.

In 1792 he began to study medicine, intending to
follow a friendly and prosperous uncle into his
London practice, and in his first year as a medical
student in London he published on the physics of the
eye. By neat experiments he showed that accom-
modation (change of focus) is a result of change in
the curvature of the lens; at the same time he
described and measured astigmatism and in 1801
he devised his three-colour theory of human colour
vision. He continued as a medical student, with a
full social life, in Edinburgh, Göttingen and
Cambridge, and in 1799 set up a practice in London.
He was not very successful as a physician, perhaps
because (as a friend said) his mind was usually on
other matters, and he was not a success as a lec-
turer at the Royal Institution. During these lec-
tures, when discussing Hooke’s Law in 1802, he
gave physical meaning to the constant in that law,
which has come to be named as Young’s modulus,
E, defined as the ratio stress/strain; here stress is the
force per unit area of cross section of a material,
which produces a strain measured as (change in
length)/(original length). E is a measure of a mater-
ial’s resistance to change in length, and an average
value for natural rubber would be 1×106 Nm –2

while for a mild steel E=2×1011 Nm–2.
But his major work was on the wave theory of light,

which Newton had thought to be corpuscular and
Huygens wave-like. Young argued in 1800–04 in
favour of the wave theory and supported this by clear
and detailed accounts of elegant experiments on
interference due to superposition of the waves. The
current view entirely supports Young’s interpreta-
tion of these effects, while also using a ‘corpuscular’
explanation in terms of photons and quantum
theory for such results as photoelectric emission.

From 1814 Young busied himself with his medical
practice and with Egyptology, where his major con-
tributions to the interpretation of the Rosetta Stone

Yukawa, Hideki

ultimately revealed the ancient Egyptian system of
writing, although at the time others were given more
credit for this: in part because his work on it was 
published anonymously, as the entry on Egypt in a
supplement to the Encyclopaedia Britannica for 1819.

Yukawa, Hideki (1907–81) Japanese physicist: first
described the strong nuclear force and predicted
the pi-meson (pion).

Yukawa studied at Kyoto University and took his
degree there in 1929. He moved to Osaka University
to take his doctorate but returned to Kyoto for the
remainder of his career, becoming professor of the-
oretical physics in 1939.

When he was 27, Yukawa developed his theory of
nuclear forces. In 1932 Chadwick had discovered
the neutron; Yukawa proposed a strong short-range
force between protons or neutrons, which over-
came electrical repulsion between the protons in
the nucleus without influencing the electrons in
the atom. This nuclear ‘exchange’ force involves
the exchange of a particle between the nucleons
(nuclear constituents) and from the short range of
the force (less than 10–12 m) Yukawa inferred that
its mass was about 200 times that of an electron.

In 1936 C D Anderson discovered a particle of 
the correct mass and called it the mu-meson 
(now, muon); but it did not interact with nucleons
sufficiently strongly to correspond with Yukawa’s
prediction. In 1947 Powell and his co-workers dis-
covered another meson (the pi-meson, now pion) in
cosmic rays which did correspond with Yukawa’s
proposed particle and so established his theory of
the strong nuclear force. During the next 10 years
many types of pion and muon were discovered,
most with short lifetimes. They are now considered
(as are protons and neutrons) to be composed of
quarks; and the forces in nuclei to be due to inter-
actions between quarks and gluons.

Yukawa successfully predicted (in 1936) that
nuclei may absorb one of the innermost electrons
(in the 1 K shell) and such K capture by a nucleus
was soon observed. He was the first Japanese to be
awarded a Nobel Prize, in 1949.

Hideki Yukawa
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Imperial Historian. It was a bronze device almost
2 m in diameter, containing a mechanism of pendu-
lums and levers, with eight dragon figures arranged
around its circumference. Strong seismic tremors
caused a metal ball to be released from the mouth
of the dragon facing the direction of the shock wave.
It is known that the device registered an earthquake
in Gansu Province in 138.

Zinder, Norton David (1928– ) US geneticist: dis-
covered bacterial transduction.

A graduate of Columbia University, New York,
Zinder did graduate work with Lederberg and was
professor of genetics at Rockefeller University from
1964. Lederberg was the first to observe sexual
union (conjugation) in a bacterium (Escherichia coli);
Zinder looked for it in Salmonella. He soon devised a
valuable new technique for isolating mutants of
this bacterium, but his attempt to observe conjuga-
tion led him instead to the discovery of bacterial
transduction. This is the transfer, by a phage parti-
cle, of genetic material from one bacterium to
another; the discovery led to new knowledge of the
location and behaviour of bacterial genes.

Zsigmondy, Richard Adolf [zhigmondee] (1865–
1929) Austrian colloid chemist; the inventor of the
ultramicroscope.

After studying chemistry and physics Zsigmondy
joined the Schott glassworks at Jena; it was through
his interest in coloured glass that his work on col-
loids began, and this was continued through his
career as a professor at Göttingen. In 1903 he made
an ‘ultramicroscope’ in which the sample is strongly
lit from one side against a dark background. This
allowed colloid particles to be seen as points of
light, even if they were smaller than the resolving
power of the microscope. Such studies were of great
value before the introduction of the ultracentrifuge
and the electron microscope. Zsigmondy examined
many colloidal solutions (especially gold sols),
deduced particle sizes and concluded that the parti-
cles are kept apart by electrostatic charge. Colloidal
solutions are of great importance in biochemistry.
His pioneer studies did much to advance under-
standing of sols, gels, smokes, fogs and foams, and
he was awarded a Nobel Prize in 1925 for his work.

Zu Chongzhi (429–500) Chinese mathematician and
astronomer: improved the accuracy of π and mea-
sured the length of the year.

Zu computed π to be 355/113 (about 3.1415929), a
value not bettered until 1000 years later by al-Kashi
(d. c.1430) and Viète, and also gave 22/7 as a simpler
value for calculations where less accuracy was suf-
ficient. In astronomy, he measured the length of
the year to be 365.2429 days, by extensive observa-
tions of the lengths of shadows around the winter
solstice, an improvement over contemporary values.

Zeeman, Pieter [zayman] (1865–1943) Dutch physi-
cist: discovered the splitting of spectral lines by
magnetic fields.

Zeeman’s experiment of 1896 proved to be an
early crucial link between light and magnetism,
which also gave further identification of the elec-
tron and a basis on which to test the quantum
mechanical theories of atomic structure. It was per-
formed soon after Zeeman had graduated at Leiden
(under Lorentz) and had become a Privatdozent at
Amsterdam. He first observed that, when a mag-
netic field was applied to sodium or lithium flames,
the lines in the emission spectrum of the flame
were apparently broadened; and this on inspection
was due to splitting of the lines into two or three.
Zeeman’s observation agreed with results from
Lorentz’s classical theory of light as being due to
vibrating electrons in atoms.

The normal Zeeman effect is shown when a spec-
tral line splits into two with a strong magnetic field
applied parallel to the light path or into three if the
field is perpendicular. The old quantum theory 
and Bohr’s model of the atom could explain this.
However, in general, atoms show the anomalous
Zeeman effect, which involves splitting into several
closely spaced lines. The explanation of this required
the full quantum mechanics (of 1925) and the 
concept of electron spin, due to Uhlenbeck and
Goudsmit (1926). Zeeman and Lorentz shared the
1902 Nobel Prize for physics for their work on the
magneto-optical properties of atoms.

Faraday had experimented in 1862 on the appli-
cation of a magnetic field to emission spectra, but
failed to find an effect; Zeeman succeeded and 
the explanation of his results was a major step for
theoretical physics.

The Zeeman effect has been used (first by Hale in
1908) to examine the Sun’s magnetic field and
(with much greater difficulty) that of other stars.

Zhang Heng (78–139) Chinese astronomer and geo-
physicist: invented the earthquake seismograph.

Zhang was born in Nanyang, Henan Province,
during the Han Dynasty. He was Imperial Historian
and official astronomer.

Zhang recognized that the source of the Moon’s
illumination was sunlight and that lunar eclipses
were caused by the Earth’s shadow falling upon it.
He devised a water-driven celestial globe, which
revolved in correspondence with the diurnal
motion of the celestial sphere. In mathematics, he
calculated π as 365/116 (about 3.1466), a substantial
improvement on the hitherto accepted Chinese
value of 3. Perhaps his best remembered contribu-
tion, however, was to geophysics: in 132 he invented
an early seismograph. This was to help him locate
and record earthquakes, one of his official duties as
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Zworykin, Vladimir (Kosma) [tsvorikin] (1889–
1982) Russian–US physicist: invented the elec-
tronic-scanning television camera.

Soon after graduating in engineering from St
Petersburg Institute of Technology, Zworykin spent
the First World War serving as a radio officer in the
Russian army. One of his teachers in St Petersburg
was B Rosing, who took out the first patent for a
television system in 1907; it used a cathode-ray
tube as its receiver. After Russia’s collapse into 
revolution in 1917 Zworykin emigrated to America
in 1919 and joined the Westinghouse Electric
Corporation. His career developed as he gained a
doctorate (1926) and moved to a post with the Radio
Corporation of America (1929).

While at Westinghouse in 1923 he reproduced an
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image from a screen by dividing it into many insu-
lated photoelectric cells, which held a charge propor-
tional to the light falling on them. An electron beam
scanning the screen discharged the cells in turn,
giving an electrical signal.

Zworykin then took a cathode-ray tube (invented
by Braun in 1897), which could produce focused
spots on its fluorescent screen using electric and
magnetic fields. As the beam scanned the screen
the intensity of the spot varied according to the
electrical signal and so could reproduce the images
from his first device, so that he had a television
transmitting and receiving system. By 1929 the
camera had been developed to the point of prac-
tical use, and it displaced the mechanical system
developed by Baird.
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1600 Giordano Bruno burned for heresy by
the Inquisition: he had supported
Copernicus’s ideas, and he had sug-
gested that other planets might circu-
late around other Suns, a concept
proved correct in the 1990s. 
De magnete (Gilbert) surveys magnetism,
and proposes that Earth is a giant 
magnet.

1603 Fabrizio describes valves in human
veins, but is unclear on their function.

1607 English settlements in Virginia.
1608 Lippershey and Jansen make first useful

telescope (3 ×) and offer it for military
use.

1609 Kepler publishes his first two laws of
planetary motion.
Lippershey and Jansen make early com-
pound microscope.

1610 Galileo publishes his astronomical
observations made with a telescope
(30 ×).

1614 Santorio describes first scientific study
of human metabolism.

1621 Snel discovers law of refraction.
1624 Logarithmical Arithmetic (Briggs) eases

computation.
1628 De motu cordis (Harvey) describes 

circulation of the blood.
1630 Large-scale emigration from England

to Massachusetts begins.
1632 Galileo publishes his Dialogo...

supporting Copernicus’s heliocentric
system.

1633 Galileo is charged with heresy, and
recants.

1637 Descartes introduces analytic 
geometry.

1642 Civil War begins in England.
Galileo dies, Newton is born.

c.550 bc Anaximander proposes Earth is poised
in space.

c.450 bc Empedocles proposes four-element 
theory of matter.

c.330 bc Theophrastus founds scientific botany.
c.300 bc Euclid systematizes geometry.
c.250 bc Archimedes founds mechanics and

hydrostatics.
c.200 bc On Conic Sections (Apollonius).
30 or 33 Christ is crucified.
43 Romans begin conquest of Britain.
132 Zhang Heng invents seismograph.
c.825 Al-Khwarizmi gives general solution for

quadratic equation.
c.1000 Alhazen’s work in optics.
c.1350 Black Death devastates Europe.
1440 Gutenberg and Koster independently

introduce printing by movable type.
1498 Columbus lands in West Indies and

South America.
1517 Luther’s 95 theses begin the

Protestant Reformation in Germany.
1519–22 Magellan’s ship circumnavigates the

world; Cortez conquers Mexico.
1543 Copernicus publishes heliocentric 

system in his De revolutionibus...
Vesalius establishes anatomy by his 
De fabrica corporis humani.

1556 De re metallica (Agricola) surveys mining
and metallurgy.

1569 Mercator publishes a map of 
the world based on his new 
projection.

1572 Brahe observes supernova (Tycho’s star).
1576 T Digges proposes that stars are at 

varying distances, and that universe is
infinite.

1579 Drake, circumnavigating the world,
lands in California.

1588 Spanish Armada is defeated.

Chronology

This lists a number of major events in science, and notes also (in bold type) some other events of 
historical interest. Titles of important scientific books are given in italics; in general these surveyed
earlier work in their field and also initiated fruitful advances.



1644 Torricelli constructs mercury 
barometer.

1646 Pascal experiments with barometers,
and later shows that air pressure drops
with rising altitude.

1650 Guericke makes an effective air-pump
after 15 years’ work.

1651 Harvey publishes on embryology:
ahead of his time, he claims that ‘all
creatures come from an egg’.

1654 Probability theory initiated by Pascal
and Fermat in response to a request
from gaming friends.
Guericke’s hemispheres demonstrate
pressure of atmosphere.

1658 Swammerdam sees red blood cells in
frogs.

1660 Boyle finds law relating pressure to 
volume for a gas.
Royal Society is founded.

1661 The Sceptical Chymist (Boyle) defines
chemical elements.
Evelyn publishes on air pollution: his
proposed remedies are not acted upon.
Malpighi describes animal capillaries.

1665 Micrographia (Hooke) advances
microscopy, and also discusses 
meteorological instruments.
Great Plague sends Newton home from
Cambridge. In 1665–6 he devises the
binomial theorem, the calculus, and
the theory of gravitation.

1668 Newton makes the first reflecting 
telescope.

1669 Bartholin describes double refraction
by calcite.
Steno publishes ideas on mountain-
building, strata and fossils.

1673 Leeuwenhoek studies red blood cells.
1675 Roemer shows light has finite speed,

and calculates that it takes 11 minutes
to cross the Earth’s orbit.

1677 Brand discovers phosphorus.
1678 Huygens expounds wave theory of

light.
1687 Principia mathematica (Newton) creates

celestial mechanics.
1694 Camerarius experiments on sexuality

in plants.
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1699 Amontons observes relation of gas 
pressure to temperature.

c.1701 Halley produces magnetic map of world.
1702 First English daily newspaper (Daily

Courant) .
1704 Opticks (Newton) surveys nature and

behaviour of light. An appendix pro-
poses that all matter is composed of
small, hard particles (atoms).
First American newspaper (Weekly
Review) published in Boston.

1705 Halley publishes book on comets, and
correctly predicts a bright comet for
1758 with a period of about 76 years
(Halley’s comet).

1707 Union between England and Scotland
creates the kingdom of Great Britain.

1727 Vegetable Staticks (Hales) surveys plant
physiology.

1729 Bradley measures speed of light
Gray publishes his work on 
electricity.

1733 Hales’s Haemastaticks surveys his work
on blood circulation and pressure in
animals.

1735 Systema naturae… (Linnaeus) classifies
plants effectively.
Hadley’s work on trade winds.

1738 D Bernoulli’s Hydrodynamica initiates
the science of fluid flow.

1748 Maria Agnesi publishes her widely-used
and comprehensive textbook on math-
ematics.

1752 Franklin uses kite to show electrical
nature of lightning.
Desmarest argues that a land bridge
between England and France must
have existed at one time.

1753 A Treatise on the Scurvy (Lind) shows
value of citrus fruits in its prevention
and treatment.

1756 Joseph Black studies chemistry of 
carbon dioxide and lime.

1757 Monro distinguishes lymphatic and 
circulatory systems.
Dolland patents his achromatic lens.

c.1763 Black recognizes ‘latent heat’.
1767 Spallanzani disproves theory of 

spontaneous generation.
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its velocity increases and the pressure
falls.

1798 Cavendish weighs the Earth.
Rumford publishes his work on the
conversion of work into heat.

1800 Volta makes cell for supply of electric
current.
Nicolson and Carlisle show that water
is decomposed by electricity to give
hydrogen and oxygen.
Davy discovers N2O and suggests its use
as an anaesthetic (not used until 1844).
Leslie devises wet and dry bulb 
hygrometer.
F W Herschel discovers infrared 
radiation.

1801 Dalton publishes law of partial 
pressures.
Piazzi discovers first asteroid (Ceres).
Lamarck argues that species change
with time by inheritance of alterations
made by their adjustment to their envi-
ronment.
Haüy publishes his studies on crystal-
lography and mineralogy.
Arithmetical Researches (Gauss).
Ritter discovers ultraviolet radiation.
Political Union between Great Britain
and Ireland.

1803 Young demonstrates interference of
light, supporting wave theory of 
light.

1804 Dalton publishes law of multiple 
proportions.

1806 Beaufort proposes his wind scale.
Argand devises diagram for represent-
ing complex numbers.

1807 C Bell shows that nerves convey either
sensory or motor stimuli but not both.
Young proposes that heat is probably a
wave vibration, and not a material sub-
stance.
Davy makes sodium and potassium by
electrolysis.

1808 W Henry publishes law discovered by
him in 1803 on solubility of gases in 
liquids.
Dalton publishes his atomic theory,
first offered by him in 1803.

1768 Lambert proves π and e to be irrational.
Cook circumnavigates New Zealand.

1772 Titius proposes Bode’s law.
1773 Boston Tea Party.

Harrison is awarded the balance of the
prize for his chronometer, having
worked on it since 1728.

1774 Priestley discovers oxygen, but misin-
terprets his results.

1776 American Declaration of
Independence.

1779 Ingenhousz’s work on photosynthesis.
Iron bridge built across the R Severn
at Coalbrookdale, England.

1781 Herschel discovers Uranus.
American victory over British troops
at Yorktown.

1783 First manned hot air balloon flight 
(at Versailles).
F W Herschel shows that the entire
solar system is moving in space relative
to the stars.

1784 Cavendish publishes his work on the
synthesis of water from hydrogen and
oxygen.
Michell deduces possibility of black
holes in universe.

1785 F W Herschel makes a systematic study
of the likely shape of our Galaxy (the
Milky Way).

1787 Charles formulates law on gas 
temperature–pressure relation.

1788 Penal settlements established in
Australia.

1789 Elementary Treatise on Chemistry
(Lavoisier) initiates chemical 
revolution.
Fall of the Bastille; French 
Revolution.

1791 Galvani publishes on ‘animal electric-
ity’, which he has studied for 11 years.

1795 Theory of the Earth (Hutton) begins much
of modern geology.
The metric system officially adopted in
France.

1796 Jenner experiments on vaccination
against smallpox.

1797 Venturi observes that when a fluid
(water) passes through a constriction,



Gay Lussac’s law of combining 
volumes of gases.
Davy uses electrolysis to isolate Ba, Sr,
Ca, Mg.

1809 George Cayley begins to publish his
experiments, continued over the next
30 years, which will found the theory of
aerodynamics.

1810 Davy shows that chlorine is a chemical
element and not a compound.

1811 Avogadro proposes law on atomicity of
gases.
C Bell’s New Idea of the Anatomy of 
the Brain proposes that different 
parts of the brain have different 
functions.

1812 Cuvier develops his studies on fossil
bones, leading to vertebrate 
palaeontology.

1813 Dulong discovers NCl3 and loses an eye
and two fingers in the process.

1814 Fraunhofer observes dark lines in Sun’s
spectrum.
Guy Lussac suggests (correctly) that the
arrangement of atoms in a compound
may be important.

1815 Biot shows that optical activity is a 
molecular property.
Napoleon defeated at Waterloo.
Gay Lussac discovers cyanogen and
studies cyano compounds.
W Smith publishes his stratigraphic
map of Britain.

1816 Laënnec invents stethoscope.
Sophie Germain creates mathematical
theory of elastic surfaces.

1817 W Smith shows value of fossils in
stratigraphy.

1818 Berzelius publishes his table of 
relative atomic weights.
Bichat founds histopathology.

1819 Dulong and Petit find relation between
specific heat capacity and 
relative atomic mass.
Fresnel and Arago deduce that light
vibrates transversely to its direction of
forward movement.

1820 Oersted shows that a current in a wire
induces a magnetic field around it.
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Ampère begins work on electro-
dynamics.
Mitscherlich publishes law of 
isomorphism.

1822 Seebeck discovers thermoelectric
effect.
Fourier suggests using mass, length
and time as fundamental dimensions.
Olbers’s paradox postulated.
Chevreul deduces nature of fats, and
begins use of melting point to check
purity of a solid substance.
Macintosh exploits J Syme’s rubberiz-
ing of cotton fabric.

1824 Reflections on the Motive Power of Fire
(Carnot) initiates thermodynamics.
Flourens’s work on central nervous 
system.
Prévost and Dumas argue that sperm is
necessary for fertilization.
Daguerre produces ‘daguerrotype’ 
photographic plates, and announces
improved version in 1839.

1825 First steam locomotive railway, 28 km
long, opened in County Durham,
England for freight and passengers.
Faraday discovers benzene.
Ohm begins work which leads to Ohm’s
Law in 1827. 
Balard discovers bromine. 

1826 Von Baer begins study of mammalian
ovum and embryo.
Lobachevsky introduces non-Euclidean
geometry.

1827 Ampère’s Law in electromagnetism.
Ohm establishes law of electrical 
resistance.
Brown observes movement of pollen
grains under microscope.
Friction matches introduced.

1828 Wöhler synthesizes urea.
Caroline Herschel publishes catalogue
of star clusters and nebulae.
Berzelius lists ‘atomic weights’ of 28
elements.

1829 Nicol describes his polarizing prism.
Quetelet analyses Belgian census statis-
tically, and correlates deaths with age,
sex, occupation and economic status.
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A Cayley invents n-dimensional 
geometry.
Joule measures mechanical equivalent
of heat.
British Algae: Cyanotype Impressions (Anna
Atkins): first scientific book illustrated
with photographs.
Screw steamer Great Britain crosses
Atlantic.

1845 Faraday classifies magnetic materials
and discovers rotation of polarized
light by a magnetic field.

1846 Neptune discovered by Galle.
Mallet theorizes on earthquakes and
Dana on volcanoes.

1848 Marx and Engels publish the
Communist Manifesto.
Joule estimates speed of gas molecules
from kinetic theory.

1849 Addison associates a disease with 
failure of the adrenal gland.
Snow asserts (correctly) that cholera is
transmitted by polluted water.
Fizeau makes accurate measurement of
speed of light.

1850 Clausius develops thermodynamics,
using ‘first and second laws’ as key 
concepts, ideas further developed by 
W Thomson in 1851.

1851 Great Exhibition in London.
Hofmeister unifies ideas on plant
reproduction.
Helmholtz invents ophthalmoscope.
Kelvin proposes an ‘absolute’ 
temperature scale, later known by 
his name.

1852 Frankland introduces idea of chemical
valence.
Foucault demonstrates rotation of
Earth by use of pendulum.

1855 Pringsheim confirms sexuality of algae.
Logan and Hunt describe geology of
Canada.

1856 Bessemer patents steel-making by 
‘converter’.
Ferrel explains atmospheric circulation
using Coriolis force.

1857 Buys Ballot announces law on rotation
of cyclones and anti-cyclones.

Babbage writes on scientific frauds;
‘cooking’, ‘trimming’ and forging
results.

1830 Principles of Geology (Lyell) surveys geo-
logical changes, seen as due to ordinary
effects acting over a long time, rather
than ‘catastrophes’.
Faraday begins work on electricity and
independently of J Henry discovers
electromagnetic induction.

1831 Darwin begins 5-year voyage on HMS
Beagle.

1833 Babbage makes his ‘difference engine’
for computing.
Ada King, Countess of Lovelace writes
first computer program for Babbage’s
more advanced ‘analytical engine’.
Beaumont concludes that digestion is
purely chemical.

1834 Wheatstone measures speed of 
electricity in lengths of wire.

1835 Geological Survey of UK established.
Morse makes model electric 
telegraph.

1836 Marc Dax concludes that the brain is
asymmetric, eg the left hemisphere
controls speech.

1837 Magnus analyses blood gases and finds
more oxygen in arterial blood than in
venous blood, implying that respira-
tion occurs in tissues.

1838 Remak shows that nerves are not 
hollow tubes.
Bessel measures first stellar distance.

1839 Schwann, and Schleiden, expound cell
theory in biology.

1840 Postage stamps introduced in UK.
Henle offers essentially correct views
on the nature and causes of infectious
diseases.
Agassiz postulates ice ages.
New Zealand colonized.

1842 Doppler discovers effect named after
him.
W and H Rogers describe the structure
and probable origin of the Appalachian
Mountains.

1843 Schwabe finds 11-year sunspot cycle.
Electric telegraph introduced.



1858 Kekulé’s theory of organic molecular
structure.
Virchow, in his book Cellularpathologie,
argues that all disease occurs in the
cells.
Wallace sends Darwin his ideas on the
origin of species, which spurs Darwin
to publish his own similar ideas.
Sorby shows how microscopy allows
deductions on rock formation.

1859 The Origin of Species (Darwin) argues that
much observation of plant and animal
species is consistent with a belief in
their evolution, and with natural selec-
tion as the cause of it.
Bunsen and Kirchhoff introduce spec-
trum analysis.
Drake drills oil-well in Pennsylvania.
British Medical Register created; it
includes Elizabeth Blackwell.

1860 Lincoln becomes president of the USA.
Selective staining, and use of micro-
tomes, begin to improve microscopy in
biology.
Cannizzaro clarifies relation of atoms
to molecules.

1861 Gegenbaur shows that all vertebrates’
eggs are single cells.
Crookes discovers thallium.
American Civil War begins.
Pasteur ends debate on spontaneous
generation.

1862 Alvan Clark and his son discover 
Sirius B.
Sachs shows that plant starch is a prod-
uct of photosynthesis, derived from
atmospheric CO2.
Angström discovers hydrogen in 
Sun.

1863 Waldeyer describes cancer in modern
terms.
Tyndall discusses greenhouse effect of
Earth’s atmosphere.

1864 Maxwell derives equations on electro-
magnetism, linking magnetism, elec-
tricity and optics.

1865 Clausius introduces concept of entropy.
Mendel publishes on heredity, and is
largely ignored.
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Kekulé proposes ring structure for 
benzene.
End of American Civil War.
Loschmidt calculates Avogadro 
constant as ≈ 6 × 1023.
Elizabeth Garrett completes a legally
qualifying medical course in UK.

1866 Transatlantic telegraph cable begins
operation.

1867 Lister shows value of antisepsis in
surgery, used by him from 1865.

1868 Mendelayev describes periodic table.
Marsh founds American palaeontology.
University of Paris (Sorbonne) admits
women.

1869 T Andrews discovers critical state for
gases.
Suez Canal opened.
First transcontinental railway
opened, in USA.

1870 Franco-Prussian War.
1871 The Descent of Man (Darwin) surveys 

possible paths of human evolution,
regarding man as an evolved animal.

1872 Cornell becomes first university in
Eastern USA to admit women. (West of
the Mississippi most state universities
were co-ed from the start.)

1874 Perrault deduces that rain and snow
provide supply for river water, follow-
ing close study of Upper Seine.
Van ’t Hoff advances stereochemistry.
Braun uses semiconductors as rectifiers.

1875 Hertwig first observes union of sperm
and ovum (in sea-urchin).

1876 Draper photographs solar spectrum.
Hertwig shows that genetic material
reaches offspring from both parents.
A G Bell patents telephone.

1877 Manson shows insect vectors involved
in some diseases.
First British university accepts women
medical students (King’s and Queen’s
College of Physicians, Dublin).

1878 Cailletet liquifies common gases.
University of London opens its degree
courses to women.

1879 First electric railway exhibited, in
Berlin.
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1897 Buchner shows that intact yeast cells
not needed for fermentation.
J J Thomson studies electrons.

1898 Curies discover activity of radium, and
isolate a sample in 1902.

1899 First widely used synthetic drug
(Aspirin) marketed by Bayer AG.

1900 J A Fleming invents thermionic diode.
Planck initiates quantum theory.
Mendel’s work on heredity 
rediscovered.
Pearson introduces chi-square test in
statistics.

1901 Bordet experiments on complement
fixation.
Marconi transmits signal (‘SOS’) by
radio across the Atlantic.

1902 Landsteiner describes ABO blood 
system.
Richet discovers anaphylaxis.
Heaviside and Kennelly find radio-
reflecting layer in atmosphere.
Bateson applies Mendel’s laws to ani-
mals as well as plants.

1903 Einthoven describes use of ECG.
Wright brothers make first manned,
powered and controlled flight.
Rutherford and Soddy propose that
radioactivity is due to atomic disinte-
gration, an idea widely ridiculed.
Boveri, Sutton and others argue that
‘hereditary factors’ (later to be 
called genes) are located on the 
chromosomes.

1905 Blackman demonstrates limiting 
factors in plant growth.
Einstein’s theory of special relativity;
and E = mc2 relation.

1906 Oldham deduces existence of Earth’s
core.
Tswett uses chromatography.
Hopkins deduces existence of 
vitamins.
Nernst states third law of thermody-
namics.
Integrative Action of the Nervous System
(Sherrington).
Brunhes discovers past geomagnetic
reversal in rocks.

1881 Cambridge University admits women
to examinations, but not to degrees.

1882 Mechnikov describes phagocytosis.
Ants, Bees and Wasps (Lubbock).
Flemming describes mitosis.
First generating station supplying
electricity to private consumers opens
in New York.

1883 University of London awards first 
medical degrees to women.

1884 Balmer finds sequence in hydrogen
spectra (Balmer series).
Oxford University admits women to
examinations, but not to degrees.

1885 Galton demonstrates individuality of
human fingerprints.

1886 Moissan isolates fluorine.
1887 Tesla makes first AC motor.

Michelson and Morley show that ether
is probably non-existent.

1888 Hertz discovers radio waves.
Nansen explores Greenland icecap.

1890 Behring and Ehrlich develop 
diphtheria antitoxin.
Hollerith punch card system used to
process US census.
Dewar improves insulating flask, 
thereafter widely used in laboratories
and on picnics.
London Underground railway opens.

1892 Weismann observes meiosis, and 
proposes germ-plasm theory of 
heredity.

1893 Nansen begins Fram expedition to
Arctic.

1894 Rayleigh and Ramsay discover first
noble gas, argon.

1895 Röntgen discovers X-rays.
Diesel invents compression-ignition
engine.

1896 Becquerel discovers radioactivity (of
uranium).
Arrhenius calculates result of 
additional CO2 on greenhouse effect.
Birkeland theorizes on origin of aurora.
Zeeman effect links light with magnet-
ism experimentally.
Boltzmann’s equation relates entropy
to probability.



1907 De Forest patents triode valve (radio
tube).
Ross Harrison devises new tissue 
culture method using frog nerve cells.
Pavlov publishes his work on 
conditioned reflexes.

1908 Inborn Errors of Metabolism (Garrod).
Kamerlingh-Onnes liquefies helium.
First Model T automobiles made by
Ford Motor Co.

1909 Ehrlich begins modern chemotherapy
with Salvarsan.
Morgan begins using Drosophila in
genetics.
C D Walcott discovers fossils of strange
soft-bodied animals in the Burgess
Shale of British Columbia; re-studied
after the 1960s these small and weird
animals, 530 million years old, are seen
to form lines of evolution which mostly
became extinct.
Mohorovic̆ić describes discontinuity
between Earth’s mantle and crust.
Blériot crosses English Channel by
aeroplane.
Sörensen invents pH scale of acidity.

1910 Millikan measures charge on the 
electron.

1911 Amundsen reaches South Pole.
Morgan and Sturtevant plot first 
chromosome map.
Rutherford proposes nuclear 
structure of atoms.
Millikan measures electron charge.
C T R Wilson devises cloud chamber.
Kamerlingh-Onnes discovers 
superconductivity.
V F Hess discovers cosmic rays.

1912 Wegener proposes theory of 
continental drift.
Von Laue shows that X-rays can be 
diffracted and so behave as waves, 
and the Braggs develop the concept and
create X-ray crystal structure analysis.
Henrietta Leavitt devises method for
measuring stellar distances.
Slipher measures speed of rotation of
planets and spiral galaxies.

1913 Bohr calculates spectrum of atomic
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hydrogen, based on his ‘Bohr atom’.
Moseley shows meaning of atomic
number.

1914 J J Abel isolates amino acids from blood.
Russell publishes H–R diagram.
World War First begins.

1915 Adams identifies first white dwarf star.
Twort discovers bacteriophage.

1916 Schwarzchilde proposes possible exis-
tence of ‘singularities’ (‘black holes’).

1917 Bolshevic Revolution in Russia.
1919 Eddington describes bending of light

by Sun, as predicted by Einstein’s 
general relativity theory of 1916.
Adrian uses cathode ray tube to study
nerve impulses.
Rutherford discovers the proton, 
and artificial transmutation of 
elements.

1920 Michelson measures first stellar diame-
ter (other than the Sun’s).
Goddard develops theory of rocket
propulsion, and launches liquid-
fuelled rocket in 1926.
Oxford University admits women to
membership and degrees.

1922 Banting and Best treat diabetic patients
with insulin.
Carrel studies white blood cells.
First public radio service begins (BBC).

1924 Pauli states his exclusion principle.
Appleton discovers radio reflecting
layer in ionosphere.

1926 First demonstration of TV by Baird.
H J Muller discovers biological muta-
tions induced by X-rays.
Dirac unifies new quantum theory.
The Theory of the Gene (Morgan) begins
modern period in genetics.

1927 Heisenberg proposes uncertainty 
principle.
Lemaître initiates ‘Big Bang’ theory of
origin of universe.
Electronic Theory of Valency (Sidgwick)
surveys chemical bonding, seen as due
to electron-transfer (electrovalence) or
electron-sharing (covalence).

1928 Alexander Fleming discovers 
penicillin.
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1940 Beadle and Tatum begin work in 
bacterial genetics.
Rossby discovers the atmospheric
waves named after him.

1942 Alfvén predicts magnetohydrodynamic
waves in plasma.
First nuclear reactor begins operation,
in Chicago.

1943 Baade classifies stars as Population I or
II.

1944 Martin introduces paper chromato-
graphy.
What is Life? (Schrödinger).
Principles of Physical Geology (Holmes).
Avery shows importance of DNA.

1945 First atomic bombs (using nuclear 
fission) exploded.
Royal Society of London accepts women
as Fellows.
Beadle and Tatum propose one-gene-
one-enzyme hypothesis.

1946 Bloch and Purcell independently
develop nuclear magnetic resonance
(NMR).
Lederberg and Tatum discover 
sexuality in bacteria.

1947 Pi-meson discovered by Powell.
Bardeen, Brattain and Shockley
develop point-contact transistor.
Libby develops radiocarbon dating.
Cambridge University admits women
to membership and degrees.

1948 H W and H D Babcock detect Sun’s 
magnetic field.
Alpher, Bethe and Gamov propose
scheme to explain evolution of 
chemical elements in early universe
(alpha-beta-gamma theory).
Alpher and Herman suggest that ‘Big
Bang’ should have left residue of weak
radiation.
Shockley develops junction 
transistor.
Gabor invents holography.
The Steady-State Theory of the Expanding
Universe (Bondi and Gold).

1949 Burnet discovers acquired 
immunological tolerance.

1950 North Korea invades South Korea.

Raman discovers scattering effect of
molecules on light.

1929 Berger introduces EEG.
Hubble announces his law on recession
of galaxies.
Matuyama discovers remanent 
magnetization reversals of rocks.

1930 Tombaugh discovers Pluto.
1931 Gödel proves incompleteness of 

arithmetic.
Van de Graaf builds high voltage 
electrostatic generator.

1932 C D Anderson discovers positron.
Chadwick identifies neutron.
Cockcroft and Walton induce nuclear
reaction artificially.
Deuterium isolated by Urey.
Jansky announces radio emission from
stars.

c.1933 Ruska develops transmission electron
microscope, achieving 12000 ×.

1934 Beebe reaches 1000m below sea level
Joliot-Curies discover artificial radioac-
tive isotopes.

1935 Stanley obtains a crystalline virus
(TMV).
Richter devises scale of earthquake
strength.
Bergeron proposes theory of rain 
precipitation.
K Z Lorenz describes imprinting in 
animal development.

1936 First public high-definition (405 line)
television service (BBC, London).

1937 Dobzhansky’s Genetics and the Origin of
Species links Darwinian evolutionism
with modern Mendelian genetics.

1938 Carlson makes first Xerox copies.
Meitner and Frisch recognize nuclear
fission as explanation for Hahn’s 
experiments.

1939 Alvarez measures magnetic moment of
neutron.
A L Hodgkin and A F Huxley show that a
nerve impulse involves a depolarization
wave.
World War Two begins.
The Nature of the Chemical Bond (Pauling).
Energy Production in Stars (Bethe).



Barton introduces conformational
analysis in chemistry.

1951 Purcell detects 21 cm radiation from
interstellar hydrogen.
Burnet proposes clonal selection 
theory in immunology.
The Study of Instinct (Tinbergen).
Pauling proposes some protein 
molecules are helical.

1952 Hershey and Martha Chase prove DNA
is genetic information carrier.
Lederberg and Zinder discover bacterial
transduction.
Glaser makes first bubble chamber.

1953 Watson and Crick deduce structure of
DNA and its implications.
Gell-Mann introduces concept of
‘strangeness’ in particle physics.
Kettlewell shows industrial melanism
in moths.

1954 Backus publishes first high-level 
programming language (FORTRAN).
Pincus introduces oral contraception.
Townes devises maser.
Seismicity of the Earth (Richter and
Gutenberg).

1955 De Duve identifies lysosomes.
Sanger determines amino acid
sequence of first protein (insulin).
Thermodynamics of Irreversible Processes
(Prigogine).
Segrè and Chamberlain discover
antiproton.

1956 Berg discovers first transfer RNA.
Palade discovers ribosomes.
Tijo and Lavan report that human cells
have 46 chromosomes (not 48, as
believed since 1920s).
Ewing plots mid-Atlantic ridge.
F Reines detects neutrino.

1957 First artificial satellites (Sputnik I, and
II containing dog Laika) in orbit
around Earth.
Meselson and Stahl verify Watson and
Crick’s ideas on replication.

1958 Explorer I discovers Van Allen belts:
other space probes follow.
Dausset discovers human histo-
compatibility system.
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Esaki discovers tunnelling effect in
semiconductor junctions.

1960 Sandage and Matthews discover
quasars.
Maiman constructs first laser.
Moore and Stein determine sequence of
all 124 amino acids in ribonuclease.

1961 First men in space.
Brenner and Crick show that genetic
code of DNA consists of a string of non-
overlapping base triplets.
Good shows importance of thymus
gland in the development of immunity.
Gell-Mann and Ne’eman develop
scheme for classifying elementary 
particles.

1962 Josephson discovers effect named after
him.
Rossi detects cosmic X-ray source in
Scorpio.
Venus examined by passing US space
probe Mariner 2.
Bartlett makes first noble gas 
compounds.
H H Hess proposes sea-floor spreading
hypothesis.
Marguerite Perey elected as first woman
member of Académie des Sciences.

1963 Cormack and Hounsfield indepen-
dently develop X-ray tomography (CAT
scanning).
Matthews and Vine find evidence for
sea-floor spreading.
Gajdusek describes first human slow
virus infection.

1964 Penzias and Wilson detect cosmic back-
ground radiation, providing important
evidence for ‘Big Bang’ 
origin of universe.

1965 North Sea gas discovered.
Mars photographed by Mariner 4.

1967 Hewish and Jocelyn Bell discover first
pulsar.
First human heart transplant.

1969 First manned lunar landing.
Edelman finds amino acid sequence of
immunoglobulin G.

1970 Baltimore discovers reverse transcrip-
tase which transcribes RNA into DNA.
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1982 Probes land on Venus.
1983 Discovery of W vector boson.

Compact disc (CD) system for sound
recording introduced
Navigational satellites give speed of 
tectonic plate movement (eg Europe
moving away from USA at ≈ 10cm
year–1).

1984 Alec Jeffreys devises genetic finger-
printing.
Details given of the deepest hole,
drilled at Kola Peninsula in Soviet
Arctic, and now at 12 000m and sam-
pling very old rocks. It finally reached
over 15 000m.

1985 Laser clock developed with accuracy
around 1s in 50 million years, of value
to cosmologists.
Increasing evidence for a black hole at
the centre of our Galaxy.

1986 Halley’s Comet investigated by space
probes and shown to have a rotating
nucleus of ‘dirty ice’, ie dust with water
and CO2 ice; the probe Giotto passes
within 605 km of the nucleus, found to
be potato-shaped and about 15 km long
and 8 km wide.
Fire at a nuclear reactor at Chernobyl,
Ukraine, produces massive radioactive
contamination.
Voyager 2 examines planet Uranus, and
finds strange features such as its large,
oddly-shaped magnetic field and 
satellites with ‘bizarre geology’.

1987 Much work done on superconductors,
mainly ceramics based on copper, oxy-
gen, barium and a rare earth metal,
with critical temperatures up to 240 K
(classical superconductivity had 
been seen only near 0 K): and with 
possible uses of great interest in 
electronics.
Canadian astronomers find new and
better evidence for planets round stars
other than the Sun, and by 1988
believed the case proved.
The star Sanduleak, a B3 supergiant
hotter and heavier than our Sun,
explodes as the 1987a supernova: this

Khorana completes synthesis of first
artificial gene.
North Sea oil discovered.

1973 Boyer uses recombinant RNA to 
produce chimera.

1974 J/psi particle first observed.
1975 Sociobiology (E O Wilson).

Milstein produces first monoclonal
antibodies.

1977 Sanger describes full sequence of bases
in a viral DNA.
Quantum Hall effect discovered by 
von Klitzing.
First personal computer (the Apple II)
introduced.

1978 Pluto discovered to have a satellite
(Charon) with half Pluto’s diameter.

1979 Saturn and Jupiter examined by 
passing space probes.
Antarctic meteorite (uncontaminated
by Earth) found to contain traces of
amino acids.
Evidence from deep sea bed cores
shows that all fossils are absent for a
period of nearly 100 000 years about 
65 000 000 years ago; evidence favours
asteroid impact resulting in dust
clouds cutting off sunlight as cause of
destruction.
Microbial fossils from W Australia
found to be 3500 million years old.

1980 S B Prusiner proposes that some fatal
neurodegenerative diseases of animals
are due to infective proteins (prions)
free from DNA or RNA. Only after 
15 years is this idea accepted: scrapie 
in sheep, BSE (‘mad cow disease’) and
Creutzfeldt–Jakob disease in humans
have this cause.

1981 First reusable spacecraft (space shuttle)
launched and recovered.
First flare (lasting ≈1min) observed on a
distant star.
Chain of 11 carbon atoms detected in
molecules in star 600 light years 
distant: biggest space molecule.
Rohrer develops scanning tunnelling
microscope, giving 108× and able to
show individual atoms.



rare chance event allows observation of
a rapid phase in the evolution of some
stars.

1988 Increasingly, international scientific
efforts directed to problems of world-
wide concern, notably: ozone loss in
the upper atmosphere over both poles,
which allows more UV light to reach
Earth with effects on the weather and
health; acid rain, now shown to be due
as much to lightning (see p. 66) as to
fuel burning, and having effects espe-
cially on plant life; and the nature and
spread of the viral disease AIDS
(Acquired Immune Deficiency
Syndrome).
New knowledge of dinosaurs result
from the discovery at one site near Egg
Mountain, MT, USA, of fossil eggs,
embryos, juveniles and adult
dinosaurs.

1989 The probe Pioneer 10, the first space-
craft to leave the solar system, trans-
mits data that allows the position of
the Sun above the plane of our Galaxy.
to be recalculated, as about 40 light
years above this plane.
Voyager 2 passes Neptune and pho-
tographs rings around the planet and
six new moons.
Discovery of a new particle, Z0,
announced by physicists at CERN and
at Stanford University, CA; related
work indicates that the universe con-
tains only three families of neutrinos.
The wooden track over the Somerset
Levels in the UK, 1000 m long and the
oldest man-made track known in
Europe, shown by dendrochronologists
to be made of timber felled in 3807–
3806 bc.
Volcanic activity, familiar on Earth and
more recently observed on Venus, is
seen by Voyager 2 on Triton, the largest
of Neptune’s moons; an earlier Voyager
had detected volcanoes on Io, the 
innermost of Jupiter’s four large
moons.

1990 Ball lightning, long known as ‘balls of
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fire’ seen during thunderstorms and
behaving strangely, is removed from
fantasy and made in the laboratory,
confirming that the phenomenon
results from a plasma discharge caused
by interference between radio waves of
microwave frequency; Y H Ohtsuki and
H Ofuruton in Tokio make typical balls
of fire, about 25 cm in diameter and
brightly coloured, using a microwave
generator and suitable waveguides.
Final collapse of USSR with Russian
parliament’s declaration of sover-
eignty.
Fullerene-60, a pure carbon molecule
with the formula C60 is composed of 20
six- and 12 five-membered rings of car-
bon atoms in a cage configuration with
the same pattern as a modern soccer
ball. It was first detected and its struc-
ture deduced in 1985 by H W Kroto, J R
Heath, S C O’Brien, R F Curl and R E
Smalley. In 1990 it was isolated in 
crystalline form, by a group led by W
Krätschmer and D R Huffman. It was
near simultaneously isolated and struc-
turally characterized by R Taylor, J P
Hare, A Abdul Suda and H W Kroto. The
possibility that C60 might be stable was
first postulated by E Osawa in 1970; and
D Jones in 1966 had suggested that 
carbon could exist in the form of 
‘hollow graphite spheroids’.
The death of dinosaurs about 65 million
years ago is thought to be due to a
major meteorite impact with Earth;
new support for this now comes from
study of a buried meteor impact crater
some 135 km across, in Mexico.
The oldest known land dwellers are
found in the Ludlow bone bed in
Shropshire, UK, aged 414 million years
and consist of two centipedes and an
arachnid. These animals may have left
the sea for the land much earlier.
Discovery of a well-preserved 4 t
mastodon in a peat bog in Ohio, USA
allows study of its last meal some 
11 000 years ago.
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A fourth black hole is found in our
Galaxy, the Milky Way: named Nova
Muscae 1991, it is about 18 000 light
years from Earth.
Human babies are shown to grow in
‘spurts’ (up to 2.5 cm in 24 h) rather
than steadily.

1993 Human genes are identified which are
associated with some human diseases,
including cystic fibrosis.
‘Gravitational lensing’, an effect pre-
dicted by Einstein, is detected and con-
firms that quasars are very distant
galaxies.
The Cosmic Background Explorer satel-
lite (COBE) went into orbit round the
Earth in 1989, carrying instruments to
detect if the cosmic background radia-
tion is at a uniform temperature, or
not. This radiation, in the microwave
region, represents the residue of radia-
tion from the ‘Big Bang’ when the 
universe began; its discovery in 1964
confirmed this theory of the universe’s
origin. However, the universe is not
uniform; its matter is ‘clumped’ in
galaxies, dust and gas clouds, and so
the radiation should not be entirely
‘smooth’. Careful analysis of COBE’s
results shows that the microwave 
radiation does have variations, 
corresponding to ripples of about 30 ×
10–6 K. However, these small fluctua-
tions give important support for the
broad correctness of the ‘Big Bang’ 
theory, and are held by cosmologists to
be a major discovery.
The Hubble space shuttle telescope is
ingeniously repaired in space to
improve its image quality, and highly
successful photographs of deep space
are received from it in early 1994.

1994 A rail tunnel is completed to give a 
31-mile land route between England
and France for the first time since the
Ice Ages.
M Irwin at the Royal Greenwich
Observatory shows that a small galaxy
in Sagittarius is being absorbed by our

1991 A man’s body found in the alpine 
glacier on the Italian–Austrian border
is dated about 3300 bc (Stone Age). He
was arthritic (and so over 30), with bev-
elled teeth (and so had eaten processed
grain). His dagger and arrowheads were
flint, with a 6 ft/1.8 m yew bow and a
copper-headed axe. His clothes were
leather and fur, and he carried flint
and tinder.
A cheap and simple method is devised
for focussing X-rays by bundles of fine
glass tubes.
IBM report moving a single xenon atom
from one position on a surface to
another position: the ultimate minia-
turization, with implications for novel
computer switches.
A new application of computer technol-
ogy – virtual reality or cyberspace – is
devised, giving a three-dimensional
simulation of an object with its visual,
aural and behavioural attributes; the
applications of this are unclear.
The space-craft Galileo obtains the first
close photograph of an asteroid, 951
Gaspra, at 1600 km; heavily cratered,
its size is about 12 × 11 × 20 km.
A new largest prime number is found
by a team using computers at Amdahl
Corp., CA. It is (391 581 × 2216193) –1.

1992 The claim by M Fleischman and S Pons
to have achieved a ‘cold fusion reaction
in a test tube’ using D2O and Pd elec-
trodes to generate neutrons is widely,
but not universally, held to be 
disproved.
One form of Alzheimer’s disease is
shown by D Selkoe and I Lieberburg of
Harvard to result from a defect in a
gene on chromosome 21, which leads
to over-production of a protein (amy-
loid) known to congest the brain in vic-
tims of the disease.
Measurement of the mass of Pluto’s
satellite, Charon, show it to have a den-
sity of only 1.4 g cm–3 so it must be
mainly water-ice, whereas Pluto itself
(density 2.1) is mainly rock.



own Galaxy, the Milky Way, as a result
of gravitational pull.
A new study of past climatic evidence
casts doubt on the reality of the ‘Little
Ice Age’ of 1550–1850: in Europe a sus-
tained cold period then appears absent
and a general warming (of less than
1°C) has been concentrated in the 
20th-c.
The first nearly complete skeleton of a
pliosaur, with a 6 ft/1.8 m skull and 150
million years old, is found in a quarry
in Wiltshire, UK.
A hominid shinbone found at
Boxgrove, UK, shows that archaic Homo
sapiens occupied the site about 500 000
years ago; Boxgrove Man was 
6 ft/1.8 m tall, robust and used flint
hand axes; it is not clear whether he
hunted or scavenged for food.
A fragmented comet, in pieces over 
1.5 km/1 mi wide, collides with the dis-
tant side of the planet Jupiter, causing
major impact explosions.
Glycine, the simplest amino acid and a
building block for proteins, is detected
in Sagittarius B2, a cloud of interstellar
gas near the centre of our Galaxy, the
Milky Way.
The oldest DNA from a vertebrate is iso-
lated from 80 million year-old bone
fragments by S R Woodward of Utah;
their genetic sequence matches no
known bird, reptile or mammal and
may belong to a Cretaceous-period
dinosaur.
The spacecraft Ulysses, launched in the
USA in 1990 and the fastest
(100000mph) yet, travels out of the
plane of the ecliptic for the first time
and passes below the Sun’s south pole.
For the first time the Royal Institution
Christmas Lectures are given by a
woman, Susan Greenfield.
Fossilized bones found at Afar,
Ethiopia, appear to come from the old-
est (4.4 million years) and most ape-like
hominid yet found; this human rela-
tive is named Australopithecus ramidus.
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A ‘living fossil’, the Wollemi pine tree,
is found in an Australian rainforest;
this newly-found species and genus of
conifer is unchanged from the Jurassic
period, before Australia became a sepa-
rate continent.
The first dwarf brown star, a ‘failed
star’ not massive enough to sustain
nuclear reactions, is observed.

1995 E Cornell and C Wieman at Boulder,
CO, cool a rubidium-87 sample to 170
nanokelvins (1 nK =10–9 K), a new low.
They confirm the Bose–Einstein predic-
tion of 1924: at this temperature the
near-stationary atoms are at the same
energy level and the condensate
behaves as a new state of matter 
(a ‘superatom’) without atomic 
individuality.
Stone tools are found at Orce, Spain,
implying that our own genus (Homo)
reached Europe from Africa over 
1 million years ago, about twice as 
long ago as previously thought.
A US group led by C Venter reports the
first full genetic blueprint of a free-liv-
ing organism, the bacterium
Haemophilus influenzae, which has 1743
genes (about 1.8 million base-pairs: the
human genome has 3 billion base
pairs).
UN Panel on Climate Change (IPCC)
concludes that global warming is 
certainly occurring and is partly 
man-made.
Galileo orbiter and probe reach Jupiter
after 6-year trip in December 1995; the
first Earthly object to enter a giant
planet’s atmosphere and report its
composition, temperature and pres-
sure, windspeed and lightning bursts.
The spacecraft Pioneer 10, launched
from Cape Canaveral, FL, USA in 1972,
now 5.8 × 109 miles away and heading
into deep space, maintains radio con-
tact. It carries a plaque with atomic,
mathematical and solar system dia-
grams and male and female human
images. The most remote object made
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from cattle infected with bovine
spongiform encephalopathy ('BSE'). The
UK government is widely judged to
have been lax in instituting and enforc-
ing controls on the spread of BSE.
The Hubble space telescope finds evi-
dence for a black hole in the centre of
the elliptical galaxy NGC 4261: the
black hole is the second largest known. 
Although a few antiparticles have been
known for some years (eg the positron,
the positively charged counterpart of
the electron), the first antiatom is
made by W Oerlert at CERN, the
European Centre for Particle Physics at
Geneva. This is antihydrogen, with
atoms each composed of a positron and
an antiproton nucleus. Its life is short
(30 nanoseconds) because antimatter is
destroyed on contact with normal 
matter, such as a detector, with release
of much energy.

1997 New evidence from genetics and from
linguistics implies that human colo-
nization of America (from Siberia into
Alaska) began over 20 000 years ago, ie
much earlier than was previously
believed.
Some chemistry of the elusive element
106 is studied, using only seven atoms
of it.
DNA 'fingerprints' for forensic use are
obtained from single cell samples.
Migrating rainbow trout, and salmon,
are shown to use the Earth's magnetic
field to navigate, through magnetic
receptors in the brain.
The NASA space probe Mars Pathfinder
lands a six-wheeled 12 kg vehicle on
Mars to examine rock and soil samples.
Results show that the surface geology
of Mars is similar to that of Earth.
Migrating birds use two navigation sys-
tems: one based on star positions; and
one using the Earth's magnetic field.
Ingenious experiments at Goethe
University (Frankfurt), using an artifi-
cial sky with false stars and an
adjustable magnetic field, show that

by man, it should survive after Earth is
destroyed.
A team at Fermilab, Chicago, secure
experimental evidence for the existence
of the top quark: in completing the set
of six types of quark, this provides con-
firmation of the ‘standard model’ for
atomic nuclei. The new quark is 35 times
heavier than ‘bottom’ being nearly as
heavy as a gold atom. Also known as
‘truth’, it has charge  �� and is the most
difficult quark to produce and to detect.
M Mayor and D Queloz of Geneva dis-
cover the first planet outside our Solar
System, circling 51 Pegasi, a Sun-like
star 50 light years from Earth.
Andrew Wiles proves Fermat’s Last
Theorem.

1996 Organic chemistry deals with over 7
million compounds. It is now found
that, curiously, about 15% more of
them contain an even number of 
carbon atoms than contain an odd
number.
A meteorite found in Antarctica in
1984, and widely agreed to have been
splashed to Earth from the surface of
Mars by an impact, is claimed by a
NASA group to contain bacteria-like
microfossils indicative of primitive 
life on Mars. The claim is treated 
sceptically by many scientists.
Seismologists confirm by computer
models that Earth's solid inner core
(diameter about 2400 km) rotates east-
ward at about one or two degrees per
year faster than the surrounding 
mantle and crust.
For the first time an organism more
complex than a bacterium has its
entire genome sequenced. It is brewer's
yeast, Saccharomyces cerevisiae: it has 16
chromosomes, and the work was done
worldwide, in nearly 100 laboratories,
and took 7 years. The chromosomes
carry about 6000 genes, in DNA with
over 12 million base pairs.
The fatal human Creutzfeldt-Jakob dis-
ease ('CJD') is linked with eating beef



(for garden warblers, and probably
other birds) both systems are needed.
Dolly, a lamb cloned from an adult cell
of its single parent, is made by I Wilmut
and co-workers at the Roslin Institute,
Edinburgh. She dies in 2003.

1998 Cosmologists deduce that the expan-
sion of the universe is speeding up, and
will never stop.
Assembly in space of a large
International Space Station begins.
An anti-impotence drug for men,
Viagra, is marketed.
Neutrinos (or, at least, a new fourth
type of neutrino) are claimed by a
Tokyo group to have mass.
Groups working at 250 labs led by those
at Washington University (USA) and the
Sanger Centre (UK) achieve near-com-
plete sequencing of an animal genome,
that of the nematode C. elegans. This 1-
mm-long invertebrate roundworm has
959 cells: its genome has about 97 × 106

base pairs of DNA making up over
19000 genes, including about 7000
whose function is known. Over 40% of
the genes are matched in other organ-
isms, including man. (See also
Brenner's work on this animal.)
The year was the warmest in the
warmest decade in the warmest cen-
tury for 1000 years. Storms, floods and
fires are increasing in frequency and
severity. 

1999 New superheavy elements (114, 116
and 118) are made in Russia and
California, all relatively stable and so
confirming the idea of an 'island of 
stability' for elements of atomic 
number 110–118. (But see note, 
p. 239.)
Bacteriologists find oversize bacteria
(0.75 mm spheres, easily visible) in ooze
off the Namibian coast. These marine
megabacteria, which scavenge hydro-
gen sulphide, are named Thiomargareta
namibiensis.
The NASA Mars Climate Orbiter is lost
in space, apparently as a result of an
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embarrassing confusion between
pound-seconds and newton-seconds. 

2000 Ball lightning: a new theory proposes it
results from a normal strike on soil
which, by reducing silicaceous mater-
ial with soil carbon compounds at high
temperature, releases silicon nanopar-
ticles. The silicon particles then emit
light as they oxidize. The theory
explains most of the observed features
of ball lightning.
Studies of rainfall and drought in equa-
torial East Africa over 1100 years reveal
three periods of high aridity lasting up
to 80 years, more severe than any previ-
ously recorded. It bodes ill for contin-
ued settlement in the region.
Adaptive optics which use multi-
element telescope mirrors, deformable
to compensate for optical distortions
due to the atmosphere, are increas-
ingly improved and can be used even
when bright 'guide stars' are absent; 
so a better future for ground-based 
telescopes is foreseeable.
About 50 stars are now known to 
possess planets, in some cases more
than one. The closest to Earth of these
extrasolar planets is 10.5 light years
away, orbiting the just-eye-visible
Epsilon Eridani.
Physicists at Nagoya University (Japan),
using samples made in the tevatron
accelerator at Fermilab (Chicago),
detect the 'missing' tau neutrino: the
last of the 12 fermions predicted by the
standard model of particle theory as
making up all matter.
A Helsinki group makes the first com-
pound of argon: HArF. This leaves only
two elements (He and Ne) for which no
neutral molecule or compound is
known.
Ice cores from a Himalayan glacier con-
firm that the last decade has been the
warmest for 1000 years.
A 'working draft' of the human genome
is announced jointly in mid-2000 by the
Human Genome Project (HGP) and by
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atures have risen between 0.4 and 0.8 C
since 1860, mainly due to carbon diox-
ide from fossil fuel burning. From
1990–2100 global mean temperature
will rise by 1.5 C to 5.8 C, more than
previous estimates. Sea levels will rise
by almost one metre, swamping some
land areas. Rising nitrogen oxide levels
will lead to toxic ozone gas 'smogs'.
The Earth, as a planet with an outer sur-
face both solid and cool enough for liq-
uid water to be present, is found to be
much older than previously believed. 
A group at Edinburgh, by analysis of a
crystal of the mineral zircon from
Australia, showed it to be 4.4 billion
years old; the oldest rock previously dis-
covered was 3.8 billion years old.
Biomedical interest intensifies in
human stem cells, so named because a
plant stem can develop into leaves and
buds. While lizards can regrow entire
limbs, humans can regrow only some
tissues (eg muscle – but not heart 
muscle). However, human embryos at
an early stage, before differentiation
occurs which leads to them forming
into specialized cells (eg neurons), are
'totipotent', and can form all types of
human tissue. Harvesting such stem
cells from unwanted human embryos,
and culturing them in lab conditions as
is now found possible, offers much
promise both for research and for
replacing tissue damaged by disease.
Ethical issues proliferate in this field of
work. Fortunately, a minority of some
adult cells have recently been shown to
be multipotent, and can be separated
and cultured.
NASA's Near Earth Asteroid
Rendezvous spacecraft, NEAR-
Shoemaker, lands on asteroid 433 Eros,
a potato-shaped rock 33 × 13 × 13 km
orbiting between Mars and Jupiter. It is
found to be one large rubble-strewn
rock.
Many geneticists have thought that the
human genome probably contained

Celera Genomics of Rockville, MD.
With 97% of the genome mapped, 85%
sequenced and 24% finished, the draft
is estimated to include 90% of the
genes. Agreed to be a scientific advance
of the first rank, it remains unclear
how and when its practical benefits
will be found: and conflict between
patented (commercial) usage and pub-
lic 'free' usage remains unresolved. (See
also HGP panel p. 368. )
Inclusions in a salt crystal, itself within
a stable New Mexico rock formation
250 million years old, are found to con-
tain viable bacterial spores. (Previously,
the oldest living organisms known
were bacteria within a bee preserved in
amber, 25–40 million years old.)
Native Americans were crop farmers at
least 7000 years ago: dateable mill-
stones from Panama contain starch
grains from maize, manioc and yams.
Uncertainty about the nature of the
Black Death, which killed a fair propor-
tion of Europe's population around
1350, is solved by a team in Marseilles.
Within a tooth from a victim who died
in Montpellier at that time, they identi-
fied the bacterium Yersinia pestis, the
cause of bubonic plague, long sus-
pected to be the likely cause of the
Black Death.

2001 US astronomers at Berkeley led by G
Marcy report the discovery of two
bizarre planetary systems. One of them,
based on the red dwarf star Gliese 876,
consists of two large planets that orbit
the star with periods in the ratio 2:1.
The other novel solar system has a huge
and heavy gas planet circuiting the star
HD 168443. As is the case with other
solar systems outside our own, these
strange new systems have not been
seen directly, but are detected by their
gravitational effect on their central star.
The IPCC records that the 1990s were
the hottest decade in the last 1000
years; and that this is the result of
human activity. Global average temper-



100000 (or more) genes. However,
recent evidence points to about 30000
as the true figure: the HGP (publicly
funded) research group proposes
30–40000, and Celera Genomics (the
commercial group) 26–40000. This
compares with 29000 for the mouse,
19000 for a nematode worm, and 6000
for a yeast. The 30000 human genes
could produce up to 250000 proteins
which make up the body components,
and elucidating these will be a major
problem. The idea that many diseases
are derived from a single gene making
a single defective protein and so cor-
rectable perhaps by a single drug, is
seen to be simplistic; such situations
must be rare.
Magnesium boride MgB2 is shown by 
J Akimitsu in Tokyo to superconduct at
39 K, the highest temperature recorded
for a material easy to fabricate at room
temperature.
A Canadian experiment using 1000 t of
heavy water as detector confirms that
neutrinos have mass: but insufficient
mass to prevent the limitless expansion
of the universe with time.
Studies of mitochrondrial DNA by an
Oxford team led by B Sykes show that
most modern Europeans are descended
from one of seven women who lived
between 15000 and 45000 years ago.
A cloned human embryo is made by
transfer of nuclei, to obtain stem cells
for medical use.

2002 Two physicists in the USA are fired for
falsifying research data: one for work
in Germany and the USA in the field of
superconductivity, the other in a
claimed discovery of element 118.
A group of Indian mathematicians led
by Manindra Agrawal publish a brief
and ingenious algorithm which shows
whether any number, however large, 
is prime: thereby solving a problem

Chronology

407

which had teased mathematicians for
centuries. The method will be valuable
for encryption and security uses.
The fossilised skeleton of a Jurassic sea
monster, Liopleurodon ferox, is discov-
ered at Aramberri, Mexico. Fossil frag-
ments of the species were known from
1873, but a complete skeleton of this
fearsome marine predator is novel. It
had four flippers, was 21 m long and
weighed up to 50 t, and lived in the late
Jurassic, 150–165 million years ago.
Carnivorous, its diet was mainly
smaller dinosaurs.
Ingenious experimentation involving
the alignment of Jupiter and a quasar 
is interpreted by the US astrophysicists 
S Kopeikin and E B Fomalont as proof 
of Einstein’s assumption that gravity
travels at the same speed as light.
However, other physicists are critical 
of the theory involved in this work.
The year saw important advances in
palaeoanthropology. Two decorated
ochre ornaments found at Blombos
Cave near Cape Town and dated at over
70 000 years old show that man had
evolved mentally, to include abstract
and artistic thinking, much earlier
than had previously been believed.
Later in 2002, new analyses of animal
bones butchered with tools and found
in Somerset are shown to be 700 000
years old, older than Boxgrove Man
(p 403).
Another important find is a skull and
bone fragments from Chad in west
Central Africa, dated at between six
and seven million years old. This makes
it the earliest known hominid, and a
creature that had already become sepa-
rate from the earlier common ancestor
of both chimpanzees and human beings.
Whether this new fossil represents a
direct distant ancestor of modern man,
Homo sapiens, or a relative is uncertain.



1932 Werner Karl Heisenberg

1933 Paul Adrien Maurice Dirac

Erwin Schrödinger

1934 No award
1935 James Chadwick

1936 Victor Francis Hess

Carl David Anderson

1937 Clinton Joseph Davisson

George Paget Thomson

1938 Enrico Fermi

1939 Ernest Orlando Lawrence

1943 Otto Stern

1944 Isidor Isaac Rabi

1945 Wolfgang Pauli

1946 Percy Williams Bridgman

1947 Edward Victor Appleton

1948 Patrick Maynard Stuart, 

Baron Blackett

1949 Hideki Yukawa

1950 Cecil Frank Powell

1951 John Douglas Cockcroft

Ernest Thomas Sinton 

Walton

1952 Felix Bloch

Edward Mills Purcell

1953 Frits Zernike

1954 Max Born

Walther Bothe

1955 Willis Eugene Lamb, Jr

Polykarp Kusch

1956 William Bradford Shockley

John Bardeen

Walter Hauser Brattain

1957 Tsung-Dao Lee

Chen Ning Yang

1958 Pavel Alekseevich Cherenkov

Ilya Mikhailovich Frank

Igor Yevgenyevich Tamm

1959 Emilio Segrè

Owen Chamberlain

1960 Donald Arthur Glaser

1961 Robert Hofstadter

Rudolf Mössbauer

1962 Lev Davidovich Landau

1963 (Johannes) Hans (Daniel) 

Jensen

Maria Goeppert-Meyer

Eugene Paul Wigner

1964 Charles Hard Townes

Nikolai Gennadiyevich Basov 

Alexander Mikhailovich 

Prokhorov

1965 Julian S Schwinger

Richard P Feynman

Sin-Itiro Tomonaga 

1966 Alfred Kastler

1967 Hans Albrecht Bethe

1968 Luis Walter Alvarez

1969 Murray Gell-Mann

1970 Louis Eugène Félix Néel

Hannes Olof Alvén

1971 Dennis Gabor

1972 John Bardeen

Leon Neil Cooper

John Robert Schrieffer

1973 Leo Esaki

Ivar Giaever

Brian David Josephson

1974 Martin Ryle

Antony Hewish

1975 Aage Niels Bohr

Benjamin Roy Mottelson

(Leo) James Rainwater

1976 Burton Richter

Samuel Chao Chung Ting

1977 Philip Warren Anderson

Nevill Francis Mott

John Hasbrouck van Vleck

1978 Pjotr Leonidovich (Peter) 

Kapitza

Arno Allan Penzias

Robert Woodrow Wilson

1979 Steven Weinberg

Sheldon Lee Glashow

Abdus Salam

1980 James Watson Cronin

Val Logsdon Fitch

1981 Nicolas Bloembergen

Arthur Leonard Schawlow

Kai M Siegbahn

1982 Kenneth Geddes Wilson

1983 Subrahmanyan 

Chandrasekhar

William Alfred Fowler

Physics
1901 Wilhelm Konrad von 

Röntgen

1902 Hendrik Antoon Lorentz

Pieter Zeeman

1903 Antoine Henri Becquerel

Pierre Curie

Marie Curie

1904 John William Strutt, 3rd 

Baron Rayleigh

1905 Philipp Eduard Anton 

Lenard

1906 Joseph John Thomson

1907 Albert Abraham Michelson

1908 Gabriel Lippmann

1909 Guglielmo, Marchese 

Marconi

Karl Braun

1910 Johannes Diderik van der 

Waals

1911 Wilhelm Wien

1912 Nils Gustav Dalén

1913 Heike Kamerlingh Onnes

1914 Max von Laue

1915 William Henry Bragg

(William) Lawrence Bragg

1916 No award
1917 Charles Glover Barkla

1918 Max Karl Ernst Planck

1919 Johannes Stark

1920 Charles Édouard Guillaume

1921 Albert Einstein

1922 Aage Niels Bohr

1923 Robert Andrews Millikan

1924 Karl Manne Georg 

Siegbahn

1925 James Franck

Gustav Ludwig Hertz

1926 Jean Baptiste Perrin

1927 Arthur Holly Compton

Charles Thomson Rees 

Wilson

1928 Owen Williams Richardson

1929 Louis Victor, 7th Duc de 

Broglie

1930 Chandrasekhara Venkata 

Raman

1931 No award

Nobel Prizewinners in Science

408



1984 Carlo Rubbia

Simon van der Meer

1985 Klaus von Klitzing

1986 Gerd Binnig

Heinrich Rohrer

Ernst Ruska

1987 George Bednorz

Alex Müller

1988 Leon Lederman

Melvin Schwartz

Jack Steinberger

1989 Hans Dehmelt

Wolfgang Pauli

Norman Ramsay

1990 Jerome Friedman

Nobel Prizewinners

Henry Kendall

Richard Taylor

1991 Pierre-Gilles de Gennes

1992 Georges Charpak

1993 Joseph Taylor

Russell Hulse

1994 Bertram N Brockhouse

Clifford G Shull

1995 Martin Perl

Frederick Reines

1996 David Lee

Douglas Osheroff

Robert Richardson

1997 William Phillips

Steven Chu

Chemistry
1901 Jacobus Henricus van t’Hoff

1902 Emil Hermann Fischer

1903 Svante Arrhenius

1904 William Ramsay

1905 Johann Friedrich Wilhelm 

Adolf von Baeyer

1906 Henri Moissan

1907 Eduard Buchner

1908 Ernest Rutherford, 1st 

Baron Rutherford

1909 Friedrich Wilhelm Ostwald

1910 Otto Wallach

1911 Marie Curie

1912 (François Auguste) Victor 

Grignard

Paul Sabatier

1913 Alfred Werner

1914 Theodore William Richards

1915 Richard Willstätter

1916 No award
1917 No award
1918 Fritz Haber

1919 No award
1920 Walther Hermann Nernst

1921 Frederick Soddy

1922 Francis William Aston

1923 Fritz Pregl

1924 No award
1925 Richard Adolf Zsigmondy

1926 Theodor Svedberg

1927 Heinrich Otto Wieland

1928 Adolf Otto Reinhold 

Windaus

1929 Arthur Harden

Hans Karl August Simon 

von Euler-Chelpin

1930 Hans Fischer

1931 Carl Bosch

Friedrich Bergius

1932 Irving Langmuir

1933 No award
1934 Harold Clayton Urey

1935 Jean Frédéric Joliot-Curie

Irène Joliot-Curie

1936 Peter Joseph Wilhelm Debye

1937 Walter Norman Haworth

Paul Karrer

1938 Richard Kuhn, declined

1939 Adolf Friedrich Johann 

Butenandt, declined

Leopold Ruzicka

1940 George de Hevesy

1944 Otto Hahn

1945 Artturi Ilmari Virtanen

1946 James Batcheller Sumner

John Knudsen Northrop

Wendell Meredith Stanley

1947 Robert Robinson

1948 Arne Wilhelm Kaurin Tiselius

1949 William Francis Giauque

1950 Otto Diels

Kurt Alder

1951 Edwin Mattison McMillan

Glenn Theodore Seaborg

1952 Archer (John Porter) Martin

Richard Laurence 

Millington Synge

1953 Hermann Staudinger

1954 Linus Carl Pauling

1955 Vincent du Vigneaud

1956 Nikolai Nikilaevich Semenov

Cyril Norman Hinshelwood

1957 Alexander Robertus Todd, 

Baron Todd

1958 Frederick Sanger

1959 Jaroslav Heyrovsky

1960 Willard Frank Libby

1961 Melvin Calvin

1962 John Cowdery Kendrew

Max Ferdinand Perutz

1963 Giulio Natta

Karl Ziegler

1964 Dorothy Mary Hodgkin

1965 Robert Burns Woodward

1966 Robert Sanderson Mulliken

1967 Manfred Eigen

Ronald George Wreyford 

Norrish

George Porter, Baron Porter

1968 Lars Onsager

1969 Derek H R Barton

Odd Hassel

1970 Luis Federico Leloir

1971 Gerhard Herzberg

1972 Stanford Moore

William Howard Stein

Christian Boehmer 

Anfinsen

1973 Ernst Otto Fischer

Geoffrey Wilkinson

1974 Paul John Flory

1975 John Warcup Cornforth

Vladimir Prelog

1976 William Nunn Lipscomb

1977 Ilya Prigogine

1978 Peter Dennis Mitchell

1979 Herbert Charles Brown

Georg Wittig

1980 Paul Berg

Walter Gilbert

Frederick Sanger

409

Claude Cohen-Tannoudji

1998 Robert Laughlin

Hans Störmer

Daniel Tsui

1999 Garadus  t’Hooft

Martinus Veltman

2000 Zhores I Alferov

Herbert Kroemer

Jack S Kilby

2001 Eric A Cornell

Wolfgang Ketterie

Carl E Wieman

2002 Raymond Davis Jr

Masotoshi Koshiba

Riccardo Giacconi



Nobel Prizewinners

Hartmut Michel

1989 Sydney Altman

Thomas Cech

1990 Elias James Corey

1991 Richard Ernst

1992 Rudolph Marcus

1993 Kary Mullis

Michael Smith

1994 George A Olah

1995 Paul Crutzen

Mario Molina

Sherwood Roland

1996 Robert Curl

Harold Kroto

Richard Smalley

1981 Kenichi Fukui

Roald Hoffmann

1982 Aaron Klug

1983 Henry Taube

1984 (Robert) Bruce Merrifield

1985 Herbert Aaron Hauptman

Jerome Karle

1986 Dudley R Herschbach

Yuan Tseh Lee

John C Polanyi

1987 Charles Pedersen

Donald Cram

Jean-Marie Lehn

1988 Johann Deisenhofer

Robert Huber

Physiology or Medicine
1901 Emil von Behring

1902 Ronald Ross

1903 Niels Ryberg Finsen

1904 Ivan Petrovich Pavlov

1905 Robert Koch

1906 Camillo Golgi

Santiago Ramón y Cajal

1907 Charles Louis Alphonse 

Laveran

1908 Paul Ehrlich

Ilya Ilich Mechnikov

1909 Emil Theodor Kocher

1910 Albrecht Kossel

1911 Allvar Gullstrand

1912 Alexis Carrel

1913 Charles Robert Richet

1914 Robert Bárány

1915 No award
1916 No award
1917 No award
1918 No award
1919 Jules Jean Baptiste Vincent 

Bordet

1920 Schack August Steenberg 

Krogh

1921 No award
1922 Archibald Vivian Hill

Otto Fritz Meyerhof

1923 Frederick Grant Banting

John James Rickard Macleod

1924 Willem Einthoven

1925 No award
1926 Johannes Andreas Grib Fibiger

1927 Julius Wagner-Jauregg

1928 Charles Jules Henri Nicolle

1929 Christiaan Eijkman

Frederick Gowland Hopkins

1930 Karl Landsteiner

1931 Otto Heinrich Warburg

1932 Edgar Douglas Adrian, 1st 

Baron Adrian

Charles Scott Sherrington

1933 Thomas Hunt Morgan

1934 George Hoyt Whipple

1935 Hans Spemann

1936 Henry Hallett Dale

Otto Loewi

1937 Albert von Nagyrapolt 

Szent-Györgyi

1938 Corneille Jean François 

Heymans

1939 Gerhard (Johannes Paul) 

Domagk, declined

1940 Carl Peter Henrik Dam

Edward Adelbert Doisy

1944 Joseph Erlanger

Herbert Spencer Gasser

1945 Alexander Fleming

Ernst Boris Chain

Howard Walter Florey, 

Baron Florey

1946 Hermann Joseph Müller

1947 Carl Ferdinand Cori

Gerty Theresa Cori

Bernardo Alberto Houssay

1948 Paul Hermann Müller

1949 Walter Rudolf Hess

António Caetano de Abreu 

Freire 

Egas Moniz 

1950 Philip Showalter Hench

Edward Calvin Kendall

Tadeusz Reichstein

1951 Max Theiler

1952 Selman Abraham Waksman

1953 Fritz Albert Lipmann

Hans Krebs

1954 John Franklin Enders

Thomas Huckle Weller

Frederick Chapman Robbins

1955 (Axel) Hugo Theodor Theorell

1956 Werner Forssmann

Dickinson Woodruff 

Richards

André Frédéric Cournand

1957 Daniel Bovet

1958 George Wells Beadle

Edward Lawrie Tatum

Joshua Lederberg

1959 Severo Ochoa

Arthur Kornberg

1960 Frank Macfarlane Burnet

Peter Brian Medawar

1961 Georg von Békésy

1962 Francis Harry Compton Crick

James Dewey Watson

Maurice Hugh Frederick 

Wilkins

1963 John Carew Eccles

Alan Lloyd Hodgkin

Andrew Fielding Huxley

1964 Konrad Emil Bloch

Feodor Felix Konrad Lynen

1965 François Jacob

Jacques Monod

André Lwoff

1966 Charles Brenton Huggins

Francis Peyton Rous

1967 Haldan Keffer Hartline

George Wald

Ragnar Arthur Granit
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1997 Paul Boyer

John Walker

Jens Skou

1998 Walter Kohn

John Pople

1999 Ahmed Zewail

2000 Alan J Heegar

Alan G MacDiarmid

Hideki Shirakawa

2001 William S Knowles

Ryoji Noyori

K Barry Sharpless

2002 John B Fenn

Koichi Tanaka

Kurt Wüthrich



1968 Robert William Holley

Har Gobind Khorana

Marshall Warren 

Nirenberg

1969 Max Delbrück

Alfred Day Hershey

Salvador Edward Luria

1970 Julius Axelrod

Bernard Katz

Ulf von Euler

1970 Earl W Sutherland

1972 Gerald Maurice Edelman

Rodney Robert Porter

1973 Konrad Zacharias Lorenz

Nikolaas Tinbergen

Karl von Frisch

1974 Albert Claude

George Emil Palade

Christian René de Duve

1975 David Baltimore

Renato Dulbecco

Howard Martin Temin

1976 Baruch Samuel Blumberg

Daniel Carleton Gajdusek

1977 Rosalyn Sussman Yalow

Roger (Charles Louis) 

Guillemin

Andrew Victor Schally

1978 Werner Arber

Nobel Prizewinners

Daniel Nathans

Hamilton Othanel Smith

1979 Allan MacLeod Cormack

Godfrey Newbold 

Hounsfield 

1980 Baruj Benacerraf

George Davis Snell

Jean Dausset

1981 Roger Wolcott Sperry

David Hunter Hubel

Torsten Nils Wiesel

1982 Sune Karl Bergström

Bengt I Samuelsson

John Robert Vane

1983 Barbara McClintock

1984 Niels Kai Jerne

Georges J F Köhler

César Milstein

1985 Joseph Leonard 

Goldstein

Michael Stuart Brown

1986 Seymour Stanley Cohen

Rita Levi-Montalcini

1987 Susumu Tonegawa

1988 James Black

Gertrude Elion

George Hitchings

1989 (John) Michael Bishop

Harold Elliot Varmus

1990 Joseph Edward Murray

(Edward) Donnall Thomas

1991 Erwin Neher

Bert Sakmann

1992 Edmond H Fisher

Edwin K Krebs

1993 Richard R Roberts

Phillip A Sharp

1994 Alfred G Gilman

Martin Rodbell

1995 Edward B Lewis

Christiane Nüsslein-Volhard

Eric F Wieschaus

1996 Robert Doherty

Rolf Zinkernagel

1997 Stanley Prusiner

1998 Robert Furchgott

Feris Murad

Louis Ignarro

1999 Günter Blobel

2000 Arvid Carlsson

Paul Greengard

Eric R Kandel

2001 Leland H Hartwell

R Timothy Hunt

Sir Paul M Nurse

2002 Sydney Brenner

H Robert Horvitz

John E Sulston
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1970 A Baker

H. Hironaka

S P Novikov

J G Thompson

1974 E Bombieri

D B Mumford

1978 P R Deligne

C L Fefferman

G A Margulis

D G Quillen

1982 A Connes

W P Thurston

S-T Yau

1986 S Donaldson

G Faltings

M Freedman

1990 V Drinfeld

V Jones

S Mori

E Witten

1994 P-L Lions

J-C Yoccoz

J Bourgain

E Zelmanov

1998 R Boicherds

W T Gowers

Maxim Konsevich

C McMullen

1936 L V Ahlfors

J Douglas

1950 L Schwartz

A Selberg

1954 K Kodaira

J-P Serre

1958 K F Roth

R Thom

1962 L V Hörmander

J W Milnor

1966 M F Atiyah

P J Cohen

A Grothendieck

S Smale

Winners of The Fields Medal for Mathematics
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Bold type indicates that a scientist has
his or her own entry; italic page 
number indicates a panel.

α Centauri 165
Abbe, E
Abegg, R
Abel, F A
Abel, J J
Abel, N H

Abelian groups 1
Abelson, B 322
aberration, of light due to Earth’s 

motion 49
absolute magnitude 312
absolute temperature 351
Académie Royale des Sciences 180
Accademia dei Lincei 180
accommodation, of eye 387
accumulator 291
ACE (Automatic Computing Engine) 355
acetone 372
acetylcholine 86
achromatic lens 99
acids 53, 331
acoustics 298, 315
acromegaly 85
actin 184
actinides 322
actinium K (francium), discovery of 287
ADA, programming language 21
Adams, J C
Adams, W S
Addison, T
adiabatic demagnetization 141
adrenal cortex 199
adrenal gland 2, 342
adrenalin 2, 342
Adrian, E D
adsorption 213
aerodynamics 67, 384
aerofoil 34
aeronautics 67, 384
Afar 194
Afzelius, J 35
agar 205
Agassiz, J L R
age of universe 182
Agent Orange 225
Agnesi, M G
Agricola, G
agricultural chemistry 48, 216
agriculture, history of 224
AIDS 260
Aiken, H 363
aircraft 383, 384
air-pump 49, 150
Airy, G B
Akasosu, S I 69
alchemy 139, 281
Alcock, J W 384
aldehydes 60
Alder, K 96
Aldrin, E E 13
Alembert, J L R d’
Alexander the Great 11
Alferov, Z I
Alfvén, H O G
algae 15
algebra 4
algebraic invariants 67, 173
algebraic number theory 98
Algol, explanation of variability 145
algorithm 4
Alhazen
alkaloids 238, 287
Al-Khwarizmi
allele 248
Allen, J A Van see Van Allen
allotropes 208
allotropy 8

Index

Almagest 297
alpha-beta-gamma theory 4
alpha particle 139, 312
Alpher, R A
Alsos mission 146
Alter, D
alternating current

induction motor 346
transmission 346

Altounyan, R E C
aluminium 94
Alvarez, L W
Alzheimer’s disease 297, 402
Amalthea, discovery of 26
America, discovery of 73
American Indian music 126
American Philosophical Society 180
americium 239
Amici, G B
amines 176, 385
amino acids,

analysis of 259
in blood 1

ammonia synthesis 153
Amontons, G
Ampère, A M

ampere (amp) 6
amplitude modulation 12, 123
anaesthesia 29, 91, 327
‘analytical engine’ 21
anaphylaxis 303
anatomy 361
Anaximander (of Miletus)
Anderson, C D
Anderson, E G 7, 192
Anderson, P W
Andreesson, M 350
Andrews, R C
Andrews, T
Andromeda galaxy

velocity of 325
androsterone 58
Anfinsen, C B
angiography 127
angiosperms 347
Ångström, A J
animal behaviour 232, 352
animal electricity 136
Anning, M
annus mirabilis 269
Antarctica 304, 306, 307

delineation of 74
anthrax 204, 283
anthropology 31
antiatom 404
antibiotics 125, 126, 366
antibodies 103, 105, 255, 293
anticyclone 58, 136
antiferromagnetism 267
antihistamines 48
antihydrogen 404
antiknock 254
antiparticle 97, 323
antiproton, discovery of 68
antisepsis 228
antitoxic immunity 29
antitoxin 29, 202, 309
aphids 353
Apollo spacecraft 13
Apollonius (of Perga)
Appert, N F
Appleton, E V

Appleton layer, discovery 9
Arago, D F J
Arber, A 10, 334
Arber W 251, 326
Archer, F S 10, 342
Archimedes (of Syracuse)
architectural acoustics 315
arctic exploration 267, 306
Arctic Ocean 267

argon 300
Aristarchus (of Samos)
Aristotle 11, 61
Armstrong, E H
Armstrong, N A 12, 13
aromaticity 183
ARPANET 350
Arrhenius, S A
arthropods 242, 366
artificial intelligence 355
artificial kidney 1
ascorbic acid 226, 341
aseptic surgery 228, 237
asparagine 360
astatine 323
aster 126
asteroid, landing spacecraft on 406
asteroids

farthest from and nearest to Sun 20
gap in orbits 202

asthma, treatment of 5, 378
astigmatism 3, 387
Aston, F W
astronautics 12
astronomical distances, 

early estimates of 11, 32, 219
astronomical unit 65, 331
astronomy

entry of women into 61
history of 78

Atiyah, M F
Atkins, A 15, 334, 342
Atlantic, first bathymetric profile 245
atmosphere

circulation of 154
temperature variations 346
upper 308, 346

atmospheric fronts 40
atmospheric waves 308
atom, structure of 107
atomic bomb 132, 276
atomic clock 299
atomic heat 101
atomic model 43, 107
atomic nuclei 144, 177, 334
atomic theory 87
atomic weights 60, 87, 303
atomism 87, 92
ATP 353, 367
Auenbrugger, J L 210
Auer, C see Welsbach, Baron von
Auerbach, C
Auger, P V
aurorae 39
auscultation 210
Australia, exploration of 75
Australopithecus 218

afarensis 191
africanus 54, 87, 218
ramidus 218
robustus 54, 218

autonomic nervous system 171
autotrophs 276
Averroës (Ibn Rushd) 162
Avery, O T
aviation 384
Avicenna (Ibn Sina) 162
Avogadro, L R A C

Avogadro’s Law 18
Avogadro’s number 18

Axelrod, J 114
axon 302
Ayrton, H
AZT 260

Baade, W H W
Babbage, C
Babcock, H D 21
Babcock, H W
Babcock, S M 224
Backus, J
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Benacerraf, B 89
Beneden, E van
Benedict, R
Bentham, G
benzene 257

structure 199
benzo[a]pyrene 99
benzoyl compounds 382
Berg, O 272
Berg, P
Bergen frontal theory 40
Berger, H
Bergeron, T H P

Bergeron–Findeisen theory 32
Bergius, F K R
Bergström, S
beriberi 105
Beringia 66
berkelium 215, 239
Bernard, C
Berners-Lee, T 350
Bernoulli, D

Bernoulli’s principle 33
Berthelot, M P E
Berthollet, C L 34, 35
berthollides 34, 296
beryl 360
beryllium 360
Berzelius, J J
Besicovitch, A S
Bessel, F W

Bessel functions 36
Bessemer, H

Bessemer converter 38
Bessemer process 38

Best, C H 25
beta-blockers 40
beta decay 220, 284, 383
beta particle 120, 311
Bethe, H A
Bevan, E J 83
Bichat, M-F X 38, 162
Biffen, R H
‘Big Bang’, microwave background 

from 151, 287
‘Big Bang’ theory 5, 137

early form of 221
evidence for 94

bile 124
bile acids 375
bilirubin 124
Bini, L 104
Binnig, G K 305
biological sciences, entry of women into 334
Biot, J
biotin 102
birefringence, in electrical field 200
Birkeland, K O B
Birkoff, G D
BIRPS 244
birth control 290, 338
Bishop, J M
bit, of information 324
Bjerknes, J 40
Bjerknes, V F K
Black, James
Black, Joseph
black body radiation

early work on 234, 333, 376
quantum theory of 291

Black Death 406
black holes 160, 287

limiting size 321
predicted existence of 253

Blackett, P M S
Blackman, F
Blackwell, E 42, 192
Blagg, M 42, 61
Blau, Marietta
Blériot, L 384
Bloch, F

Bloch wall 43
Bloemberger, N
blood, transfusion of 89, 211, 234
blood groups 211
blood pressure 156
Blundell, D 244
Bocchi, D 192
Bode, J E
body scanner 77, 181
Boerhaave, H 162
Bogoliubov, N N
Bohr, A 43
Bohr, N
Bois-Reymond, E du
Boivin, Marie 192
Boksenberg, A
Boll, F 207
bolometer 212
Boltwood, B B
Boltzmann, L E
Bolyai, J 228
bomb, ‘bouncing’ 368
bombykol 116
Bondi, H
Bonpland, A 183
Boole, G

Boolean algebra 46
Boot, H A H
Bordet, J
Borelli, G A 162
Borlaug, N E 224
Born, M
Borodin, A
boron 139, 257
boron hydrides 228, 337
Bosch, C 153
Bose, S N

Bose–Einstein condensate 403
Bose–Einstein statistics 47
boson 47

Boston Philosophical Society 180
Botany Bay 24
Bothe, W
Bouguer, P

Bouguer correction (gravity) 47
Bouguer’s Law (photometry) 47

Boulton, M 180
bouncing bomb 368
boundary-value problem 98
Bourbaki, N
Bourgeois, L 192
Boussingault, J-B J
Boveri, T H
Bovet, D
Bowen, I S
Bowen, N L
Boxgrove Man 403
Boyer, H
Boyer, P D 367
Boyle, R
Boys, C V
Bradley, J
Bragg, W H
Bragg, W L
Brahe, T
brain tumours 85
brain waves 2, 32
Branly, E E
Brans–Dicke theory 94
Brattain, W
Braun, K F
Braun, W M M von
breadfruit, introduction in Caribbean 24
Breit, G

Breit–Wigner formula 52
Brenner, S
Brequet, L F C 125
Brewster, D
Bridgman, P W

Bridgman effect 52
Briggs, H

bacteria, oldest 405
Bacon, F
Bacon, F T 150
Bacon, R
bacteria, staining of 105, 146
bacterial enzymes 336
bacterial genetics 219
bacteriology 204, 282
bacteriophage 169, 355
Baekeland, L H
Baer, K E von
Baeyer, A von
Baily, F
Baird, J L
Bakelite 22
Bakewell, R 224
Ballard, R 245
Balle, W 65
balloon

first hydrogen 69
hot air 259

Balmer, J J
Balmer series 23, 314

Baltimore, D
Banach spaces 146
Banks, J
Banting, F G
Barbier, P A 150
Bardeen, J
Barger, G 86
Barkhausen, H G
Barlow, P
Barnard, E E

Barnard’s star, discovery of 26
Barr, M L

Barr body 26
Barry, James Miranda 192
Bartholin, E
Bartlett, N
Barton, D H R
Bary, H A de see de Bary
barycentric calculus 257
basalt, origin of 93
bases 53
Basov, N G
Bass, G 75
Bassi, L 27
bathyscaphe 81
bathysphere 29
Bates, H W 367
Bateson, W
bats 331
battery, electric 57, 219, 362
Bauer, G see Agricola
Bayliss, W M 333
BCPL (Basic Computer Programming 

Language) 338
BCS theory 25, 76

early form of 65
verification of 195

Beadle, G W
Beaufort, F

Beaufort wind scale 28
Beaumont, W
Beche, H T de la see de la Beche
Becher, J J 332
Beckmann, E O
Becqueral, A-E 29
Becquerel, A H
Beddoes, T
Bednorz, J G
Beebe, C W
Beer, G R de see de Beer
bees, dance of 132
Behring, E von 29, 162
Beilstein, F K
Bel, J A Le 175
Bell, A G
Bell, C

Bell’s palsy 30
Bell (Burnell), (S) J 30, 78



Bright, R
British anti-Lewisite (BAL) 289
Brockhouse, B N
Broensted, J N
Broglie, L-V P R de
Brongniart, A
Brooks, H
Broom, R
Brouncker, W 125
Brown, A C 81
Brown, A W 384
Brown, H C
Brown, M S 145
Brown, R

Brownian motion 54, 288
brown dwarf star 403
browser 350
Bruce, D 55
Bruce, M 55
brucellosis 55
Brunel, I K
Brunel, M I 55
Brunner, J T 258
Bruno, G
BSE (‘mad cow disease’) 133, 297, 404
bubble chamber 5, 142
Buchner, E
Buchner, H 56
buckyballs 208
Buffon, G-L de
Bullard, E C
Bullen, K E 190
Bunsen, R W
Burbidge, M
Burgess Shale 366
Bürgi, J 267
Burke, R O 75
Burkitt, D P

Burnell, (S) J (Bell) see Bell Burnell
Burnet, F M
Bury, C R
Butenandt, A F J
butterfly effect 231
Buys Ballot, C H D

Buys Ballot’s Law 58
Byrd, R 384

cacodyl 57
caesium, discovery of 202
caesium clock 300
Cagniard de la Tour, C
Cailletet, L P
Cairncross, F 16
Cairns-Smith, A G 357
calculator 363
calculus 221, 269
californium 215, 239
caloric 311
calotype process 342
Calvin, M
Cambrian period 322
camera obscura 86, 342
Camerarius, R J
Camm, S 384
cancer 39, 99, 367
Candolle, A P de
cannabis 352
cannibalism 133
Cannizzaro, S
Cannon, A J
Cannon, W B
capillary circulation 240
carbon, the three forms of 208
carbon-14 223
carbon cycle, in stars 38
carbon suboxide 96
carbonium ions 274
carcinogenesis 39, 99, 309
Cardan, J (Cardano)
cardiac catheterization 127
Carlson, C

Index
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Carlsson, A
Carnot, N L S
carotenoids 198
Carothers, W H
carpel 59
Carrel, A
Carrington, R C
Carson, R
Cartesian geometry 93
Casimir, H B G
Cassini, G D
Castellani, A 162
CAT scanning 77, 181
catadioptric telescopes 95
catalysis 36, 212
catheterization, cardiac 127
cathode ray tube for TV 389
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