
Outline of History of Science and Technology 

March 6, 2014 

 

SOCI>History>Science_and_Technology 

 

hammerstone technique 

inventor 

Europe 

-1900000 to -1500000 

In first half of Abbevillian or Chellean culture, new stone-tool-making technique {hammerstone technique} developed. 

Percussion with hammer at edge back pops out semi-cones, leaving jagged edges and concave intersecting surfaces. 

Top was round and held in power grip. 

 

anvil technique 

inventor 

Europe 

-1800000 to -150000 

In second half of Chellean culture, new stone-tool-making technique {anvil technique} developed. Toolmaker hit stone 

against large anvil stone to make bigger tools than before. 

 

bifacial blade 

inventor 

Africa/Europe 

-1800000 to -150000 

In early Lower Paleolithic, Homo erectus had symmetrical, teardrop-shaped, heavy stone hand axe flaked on both sides 

{bifacial blade}, used for cutting, whittling, scraping, shredding, and butchering bone, antler, meat, hide, wood, and 

plants. 

 

cylinder-hammer technique 

inventor 

Africa/Europe 

-800000 to -500000 

In Lower Paleolithic, Homo erectus developed new technique {cylinder-hammer technique} for making stone tools. 

Wood branches, bones, or weathered stones can make soft hammers to spread percussion to give wide arcs to cones, to 

make less-jagged edges. This technique did not make original edge but finished the blade. 

 

prepared core technique 

inventor 

Atapuerca, Spain/Nice, France/Ibernia/Italy/Mauer, Germany/Africa/China 

-800000 to -200000 

Homo heidelbergensis invented tools chipped from shaped stone cores {prepared core technique} {tortoise core 

technique}. Toolmakers hit large stones with sharp blows to crack off finished tools. 

 

grindstone 

inventor 

Africa 

-300000 

grindstone [-300000] 

Two flat-sided stones {grindstone} show characteristic marks. 

 

pigment invented 

inventor 

Africa 

-300000 

pigment [-300000] 

African Middle Stone Age used colored minerals {pigment}. 



 

stone point invented 

inventor 

Africa 

-250000 

stone point [-250000] 

Flint or chert was struck to make sliver {stone point}. 

 

hafting 

inventor 

Europe 

-150000 to -35000 

In Middle Paleolithic, Homo sapiens added tool handles {hafting}|. 

 

shellfish Africa 

inventor 

Africa 

-140000 

shellfish gathering [-140000] 

fresh and salt water clams {shellfish gathering}. 

 

trading invented 

inventor 

Africa 

-140000 

trading [-140000] 

Home erectus traders carried native products to far places {trading}. 

 

fishing Africa 

inventor 

Africa 

-130000 

fishing [-130000] 

People used fish hooks and line. 

 

burial began 

inventor 

Europe 

-85000 

burial [-85000] 

Burials began, perhaps from belief in life after death. 

 

barb on stone point 

inventor 

Africa 

-80000 

barb on stone point [-80000] 

Toolmaker struck flint or chert to make sliver and then worked side {barb point}. 

 

bead 

inventor 

Africa 

-75000 

bead [-75000] 

Pebbles {bead} can have a drilled hole. 

 



microlith 

inventor 

Africa 

-75000 

microlith [-75000] 

3-centimeter chipped flint or chert stone tool {microlith}. 

 

bone tool 

inventor 

South Africa 

-70000 

bone tool [-70000] 

First Homo sapiens used tools {bone tool}. 

 

burin 

inventor 

Northern Hemisphere 

-50000 

burin [-50000 to -10000] 

Flint chisels {burin} were for wood or antler/bone carving. 

 

jewelry 

inventor 

Africa 

-50000 

jewelry [-50000: ostrich egg shell and bead jewelry] 

Egg shells and beads were strung {jewelry}. 

 

stone tool Africa 

inventor 

Africa 

-50000 

stone tool [-50000] 

Stone tools {stone tool} had standard shapes. 

 

spear 

inventor 

Africa 

-45000 to -35000 

spear [-45000 to -35000] 

Throwing sticks {spear} began, and spear throwers began later [-15000]. 

 

rock engraving 

inventor 

Australia 

-40000 

rock engraving [-40000] 

Engravings {rock engraving} are in Olary region, south Australia. 

 

waisted ax 

inventor 

New Guinea 

-38000 

waisted ax [-38000] 

Axes {waisted ax} can look like heavy hoes. 

 



counting device 

inventor 

South Africa/Swaziland 

-35000 

counting device [-35000] 

Baboon fibula has 29 notches {counting device}. 

 

quartz decoration 

inventor 

Zaire 

-33000 

quartz [-33000] 

Small tools had quartz decorations. 

 

drum 

inventor 

Earth 

-30000 

drum [-30000] 

Musical instruments {drum} can have skin stretched over gourd or hollow wood. Before, people used wood blocks. 

 

flute of bone 

inventor 

Earth 

-30000 

bone flute [-30000] 

Hollow bones {flute, music} had drilled holes at right places. 

 

numbers recorded 

mathematician 

France 

-30000 

recorded number 

Cavemen carved numbers on bones. 

 

stone ax grinding 

inventor 

Australia 

-28000 

stone ax grinding [-28000] 

Stone axes {stone ax grinding} were ground flat in north Australia. 

 

rock painting Namibia 

inventor 

Apollo, Namibia 

-25500 to -23500 

rock painting [-24000] 

Apollo-cave rock paintings show rituals. Wonderwerk Cave [-8000] is in north Cape Province, South Africa. 

 

geometric patterns 

mathematician 

France 

-25000 

geometric patterns 

Cavemen painted designs on cave walls. 

 



cremation invented 

inventor 

Australia 

-24000 

cremation [-24000] 

People burned dead bodies and kept ashes. 

 

permanent house 

inventor 

Europe 

-24000 

permanent house with clay roof [-24000] 

Houses {permanent house} used baked clay. 

 

boomerang 

inventor 

Poland 

-21000 

ivory boomerang [-21000] 

Thrown curved sticks {boomerang} can return. 

 

rock painting Australia 

inventor 

Australia 

-17000 

rock painting [-17000] 

Rock painting is in Kimberley in northwest Australia. 

 

wild grain grew 

inventor 

Sea of Galilee, Palestine 

-17000 

wild grain [-17000] 

Wheat precursors {wild grain} grew like grass. 

 

hut with mammoth bone roof 

inventor 

Russia 

-16000 to -10000 

hut with mammoth bone roof [-16000 to -10000] 

Huts {hut with mammoth-bone roof} with mammoth bone roofs were especially in west Russia. 

 

pottery Japan 

inventor 

Japan 

-14000 

pottery of fired clay [-14000] 

Potters hand-formed and baked pottery. 

 

basket weaving 

inventor 

Earth 

-13000 

basket weaving [-13000] 

People wove reeds and leaves {basket weaving}. 

 



terracotta figures 

inventor 

Algeria 

-13000 

terra-cotta figures [-13000] 

Red clay can dry in sun {terracotta}. 

 

millet Asia 

inventor 

Asia 

-13000 to -10000 

millet cultivation [-13000 to -10000] 

Agriculture {millet, cultivation} began in southeast Asia. 

 

rice Asia 

inventor 

Asia 

-13000 to -10000 

rice cultivation [-13000 to -10000] 

Agriculture began in southeast Asia. 

 

obsidian tools 

inventor 

Greece 

-11000 

obsidian tools [-11000] 

Obsidian was in caves. 

 

dog China 

inventor 

China 

-10000 

dog domestication [-10000] 

Animals {dog, domestication} had domestication, but no breeding. 

 

pottery China 

inventor 

China 

-10000 

pottery of fired clay [-10000] 

Potters hand-formed and baked pottery {pottery of fired clay}. 

 

pottery Mesopotamia 

inventor 

Mesopotamia 

-10000 

pottery [-10000] 

Potters hand-formed and sun-dried pottery. 

 

animal domestication 

inventor 

Asia/Europe 

-10000 to -2500 

animal domestication [-10000 to -2500] 

Before domestication, people had pets. Perhaps, bird domestication {animal domestication} began by imprinting. 

Perhaps, cow domestication began by imprinting. Perhaps, domestication began by propinquity at water holes. Perhaps, 



domestication began for warmth, in North Africa only. Perhaps, domestication began by taking in scavenger pups. 

Perhaps, domestication began by taming certain nomadic animals, such as reindeer, goats, and sheep using salt from 

urine to attract them. 

Dogs were first domesticated animals. People ate domesticated reindeer, sheep, goats, and fowl. People ate cows, pigs, 

and oxen by late Neolithic. Later, people used horse, ass, and onager for riding, pulling loads, and carrying loads. 

Totem animals typically are not domesticated animals. 

 

wild grain gathering 

inventor 

Asia Minor 

-9500 

wild grain gathering [-9500] 

Wheat precursors grew like grass {wild grain gathering}. 

 

cloth weaving 

inventor 

Earth 

-9000 

cloth weaving [-9000] 

Fiber sewing began {cloth weaving}, with no looms. 

 

copper bead 

inventor 

Iraq 

-9000 

copper bead [-9000] 

Natural copper {copper bead} needed no smelting. 

 

sea trading 

inventor 

Asia Minor 

-9000 to -4500 

sea trading [-9000] 

Phoenicians traveled Mediterranean Sea {sea trading}. 

 

barley Near East 

inventor 

Near East 

-8500 

barley cultivation [-8500] 

Barley is native to Near East. 

 

dog Mesopotamia 

inventor 

Mesopotamia 

-8500 

dog domestication [-8500] 

Dog domestication did not include breeding. 

 

olive Near East 

inventor 

Near East 

-8500 

olive cultivation [-8500] 

Olive is native to Middle East. 

 



pea cultivation 

inventor 

Near East 

-8500 

pea cultivation [-8500] 

Plants {pea, cultivation} can be native to Middle East. 

 

farming Near East 

inventor 

Near East 

-8500 to -6000 

farming [-8500 to -6000] 

Agriculture began in Fertile Crescent from Nile River mouth to Caspian Sea. Wild barley, emmer wheat, and grasses 

grew on lightly wooded hills. 

 

goat Iraq 

inventor 

Iraq 

-8500 to -6000 

goat herding [-8500 to -6000] 

Animals {goat, herding} can be native to Iraq. 

 

sheep herding 

inventor 

Iraq 

-8500 to -6000 

sheep herding [-8500 to -6000] 

Animals {sheep, herding} can be native to Iraq. 

 

fertility cult 

inventor 

Mesopotamia 

-8300 to -6000 

fertility cult [-8300 to -6000] 

male and female gods {fertility cult}. 

 

grain grinding 

inventor 

Mesopotamia 

-8300 to -6000 

grain grinding [-8300 to -6000] 

People gathered, threshed, and hand ground precursors to wheat {grain grinding}. 

 

grain storage 

inventor 

Mesopotamia 

-8300 to -6000 

grain storage [-8300 to -6000] 

People stored precursors to wheat and kept them dry {grain storage}. 

 

bread invented 

inventor 

Levant 

-8000 

bread [-8000] 

Natufian culture baked unleavened bread {bread}. 



 

chickpea 

inventor 

Turkey 

-8000 

chickpea cultivation [-8000] 

Plants {chickpea} can be native to Turkey. 

 

copper natural 

inventor 

Near East 

-8000 

copper use [-8000] 

Natural copper needs no smelting {copper, use}. 

 

mead invented 

inventor 

Near East 

-8000 

mead [-8000: first fermented beverage, from honey] 

Honey fermented naturally. 

 

mud-brick 

inventor 

Asia 

-8000 

mud-brick [-8000] 

Dried clay {mud-brick} buildings were in west Asia. 

 

pig Mesopotamia 

inventor 

Mesopotamia 

-8000 

pig domestication [-8000] 

Pig is native to Mesopotamia. 

 

rock painting N Africa 

inventor 

North Africa 

-8000 

rock painting [-8000] 

Tassili-n-Ajjer in Algeria and Fezzan in Libya have petroglyphs {rock painting}. Neolithic paintings are in Morocco. 

 

shellfish Europe 

inventor 

Europe 

-8000 

shellfish gathering [-8000] 

They gathered shellfish with nets. 

 

pig China 

inventor 

Yellow River, China 

-8000 to -6000 

pig domestication [-8000 to -6000] 

Animals {pig, domestication} can be native to China. 



 

cemetery 

inventor 

Arkansas 

-7500 

cemetery [-7500] 

Early Archaic Dalton culture had burial places {cemetery}. 

 

silk from silkworms 

inventor 

China 

-7500 

silk from silkworms [-7500] 

Silkworms make silk. 

 

banana cultivation 

inventor 

New Guinea 

-7000 

banana cultivation [-7000] 

Plants {banana, cultivation} can be native to New Guinea. 

 

eggplant cultivation 

inventor 

Indus River 

-7000 

eggplant cultivation [-7000] 

Plants {eggplant, cultivation} can be native to India. 

 

fishing Sahara 

inventor 

Sahara, North Africa 

-7000 

fishing [-7000] 

People used fish hooks and line. 

 

flax Arabia 

inventor 

Arabia/Armenia 

-7000 

flax cultivation [-7000] 

Plants {flax, cultivation} grew near Red Sea and Black Sea. 

 

humped cattle 

inventor 

Indus River 

-7000 

humped cattle domestication [-7000] 

Cattle {humped cattle} can be native to India. 

 

pottery Egypt 

inventor 

Nile River, Egypt 

-7000 

pottery [-7000] 

People hand-made vessels {pottery} from river clay, with no wheel. 



 

pottery southeast Asia 

inventor 

Asia 

-7000 

pottery of fired clay [-7000] 

Southeast Asia had pottery and pottery decoration. 

 

sesame Indus 

inventor 

Indus River 

-7000 

sesame cultivation [-7000] 

Plants {sesame, cultivation} can be native to India. 

 

sugar cane cultivation 

inventor 

New Guinea 

-7000 

sugar cane cultivation [-7000] 

Plants {sugar cane, cultivation} can be native to New Guinea. 

 

weaving invented 

inventor 

Nile River, Egypt 

-7000 

weaving [-7000] 

People wove reeds and fibers but used no looms. 

 

copper Anatolia 

inventor 

Anatolia 

-7000 to -6000 

copper hammering [-7000] 

Copper hammering spread to Cyprus and Aegean Sea. 

 

farming Egypt 

inventor 

Egypt/Levant 

-7000 to -3000 

farming [-7000 to -3000] 

Planting and cultivating went from Near East to Nile Valley and west Europe. Wheat, barley, pea, and lentil farms 

{farming, beginning} were in cleared areas. 

 

boat 

inventor 

Near East 

-6000 

boat [-6000] 

wood planks with sealant {boat}. 

 

cat domestication 

inventor 

Egypt 

-6000 

cat domestication [-6000] 



Animals {cat domestication} had domestication, but no breeding. 

 

chufa 

inventor 

Egypt 

-6000 

chufa cultivation [-6000] 

Sedges {chufa} can have small edible tubers and be native to Egypt. 

 

cow India 

inventor 

India 

-6000 

cow domestication [-6000] 

Animals {cow, domestication} can be native to India. 

 

cow Mesopotamia 

inventor 

Mesopotamia 

-6000 

cow domestication [-6000] 

Cows are native to Mesopotamia. 

 

irrigation invented 

inventor 

Sumer 

-6000 

field irrigation [-6000] 

River water ran in channels to fields. 

 

millet China 

inventor 

Yellow River, China 

-6000 

millet [-6000] 

Millet came from southeast Asia. 

 

sycamore fig 

inventor 

Egypt 

-6000 

sycamore fig cultivation [-6000] 

Plants {sycamore fig} can be native to Egypt. 

 

donkey domestication 

inventor 

Nile River, Egypt 

-6000 to -4000 

donkey domesticated [-6000 to -4000] 

Donkey is cross between horse and mule. 

 

oats cultivation 

inventor 

Europe 

-6000 to -3500 

oats cultivation [-6000 to -3500] 



Plants {oats, cultivation} can be native to Europe. 

 

poppy cultivation 

inventor 

Europe 

-6000 to -3500 

poppy cultivation [-6000 to -3500] 

Plants {poppy, cultivation} can be native to Europe. 

 

celt 

inventor 

Greece 

-6000 to -3000 

Neolithic people used ground and polished stone tools, rather than chipped or flaked, such as ax heads {celt}. 

 

couvade 

inventor 

Greece 

-6000 to -3000 

Neolithic father went to bed at time of childbirth {couvade}. 

 

levirate 

inventor 

Greece 

-6000 to -3000 

Neolithic widows sometimes married brother of dead husband {levirate}. 

 

barley Egypt 

inventor 

Egypt 

-5000 

barley cultivation [-5000] 

Barley came from Middle East. 

 

copper Sumer 

inventor 

Persia/Afghanistan/Sumer 

-5000 

copper annealing [-5000]; copper hammering [-5000]; copper smelting [-5000] 

Melting copper ore extracts copper, and melting and cooling copper strengthens it {copper, annealing}. 

 

guinea hen domestication 

inventor 

Sahel, Africa 

-5000 

guinea hen domestication [-5000] 

Bird domestication {guinea hen, domestication} began. 

 

jade trading 

inventor 

Yellow River, China/Siberia 

-5000 

jade trading [-5000] 

Yellow River settlements imported jade from Siberia {jade trading}. 

 

maize from teosinte 



inventor 

Mexico 

-5000 

maize [-5000: developed from teosinte] 

Corn {maize, corn} became more edible. 

 

rice Africa 

inventor 

Sahel, Africa 

-5000 

rice cultivation [-5000] 

As desert dried, Middle Niger floodplain became good for plants {rice, cultivation}. Jenne-jeno in Mali is there. 

 

rice China 

inventor 

Yangtze River, China 

-5000 

rice [-5000] 

Rice came from southeast Asia. 

 

sorghum cultivation 

inventor 

Sahel, Africa 

-5000 

sorghum cultivation [-5000] 

Grain domestication {sorghum, cultivation} began. 

 

town France 

inventor 

France 

-5000 

town [-5000] 

Farms began in south France. 

 

wheat Egypt 

inventor 

Egypt 

-5000 

wheat development [-5000] 

Plants {wheat, development} developed from wheat precursors. 

 

copper Egypt 

inventor 

Nile River, Egypt 

-5000 to -4000 

copper chunks used [-5000 to -4000]; copper hammering [-4000] 

Metal workers hammered natural copper {copper, hammering}, with no ore smelting or metal melting. 

 

tumulus 

inventor 

Russia 

-5000 to -3000 

kurg or tumulus [-5000 to -3000] 

burial mounds {kurg} {tumulus}. 

 

megalith Goseck 



inventor 

Goseck, Germany 

-4900 

megalith [-4900] 

A 75-meter circle had circular mound, ditch, and two wooden fences. Fence gates pointed toward sunrise and sunset at 

winter solstice. It also had a north gate. 

 

copper smelting Vinca 

inventor 

Yugoslavia 

-4500 

copper smelting [-4500] 

Vinca culture was in Copper Age, which came from Middle East. 

 

moon phases 

astronomer 

Egypt 

-4500 

Egyptian astronomers noted eclipses and Moon phases. 

 

pottery Nubia 

inventor 

Nubia 

-4500 

pottery [-4500] 

Pottery used river clay but no wheel. 

 

gold jewelry 

inventor 

Egypt 

-4300 

gold jewelry [-4300] 

Hammered gold can make jewelry {gold jewelry} or money. 

 

calendar Egypt 

inventor 

Egypt 

-4241 

calendar [-4241] 

Egyptian solar calendar {calendar, Egypt} had 12 months of thirty days, with five extra days. 10-day periods had 

constellations {decan}. 12 decans were in the sky at Nile-River annual flooding, marking 12 hours {temporal hour}. 

 

barrow 

inventor 

Wiltshire, England 

-4000 

barrow graves [-4000]; West Kennet barrow [-4000: 100 meters long] 

Collective graves were long chambers covered with earth to form mounds {barrow}|. Round barrows were for chief, 

ancestor worship, magic, and offerings for afterlife. First English towns began. 

 

copper Thailand 

inventor 

Thailand 

-4000 

copper smelting [-4000] 

Smelting separated copper from ore. 



 

Mesopotamian calendar 

calendar 

Mesopotamia 

-4000 

Mesopotamian calendar [-4000: lunar calendar] 

It had 12 months and predicted yearly flooding. 

 

opium invented 

inventor 

Sumer 

-4000 

opium production [-4000] 

Poppies are native to Sumer {opium production}. 

 

passage grave France 

inventor 

Carnac, France 

-4000 

passage grave [-4000] 

Community burials were in northwest France. 

 

pottery Ghana 

inventor 

Ghana 

-4000 

pottery [-4000] 

Pottery used river clay but no wheel. 

 

sail 

inventor 

Nile River, Egypt 

-4000 

sail [-4000] 

Fixed cloths {sail} helped boats go up Nile River. 

 

silver hammering 

inventor 

Nile River, Egypt 

-4000 

silver hammering [-4000] 

natural silver {silver, hammering} with no smelting. 

 

town England 

inventor 

England 

-4000 

town [-4000] 

Farms {town} began in south England. 

 

water buffalo domesticat 

inventor 

Southeast Asia 

-4000 

water buffalo domestication [-4000] 

Buffalo {water buffalo, domestication} can be native to Southeast Asia. 



 

rope 

inventor 

Nile River, Egypt 

-4000 to -3500 

rope [-4000] 

Fibers can twist or braid {rope}. 

 

dolmen 

inventor 

Italy/Greece/Spain/Asia Minor 

-4000 to -3000 

dolmen [-4000 to -3000] 

Stone graves {dolmen}| for one or several persons were above ground, with no entrance. Stone chests were for small 

graves. 

 

cattle domestication 

inventor 

Sahara, Africa 

-4000 to -2000 

cattle domestication [-4000 to -2000] 

Sahara had wet climate with wide grasslands for cattle {cattle}. 

 

fig cultivation 

inventor 

Near East 

-3800 to -3400 

fig cultivation [-3800 to -3400] 

Plants {fig cultivation} can be native to Middle East. 

 

reflex bow 

inventor 

Near East 

-3800 to -3400 

reflex bow [-3800 to -3400] 

Curved bows {reflex bow} began. 

 

sundial invented 

inventor 

Near East 

-3800 to -3400 

sundial [-3800 to -3400] 

Pointer shadow shows time of day. 

 

walled town 

inventor 

Near East 

-3800 to -3400 

walled town [-3800 to -3400] 

Towns {walled town} became fortified with walls. 

 

wax seal 

inventor 

Near East 

-3800 to -3400 

wax seal [-3800 to -3400] 



People folded documents and sealed them with wax {wax seal}. 

 

howe 

inventor 

Europe/Near East 

-3800 to -1400 

howe [-3800 to -1400]; cairn [-3800 to -1400] 

Burials with barrow or cairn for one person or flat-topped mound {howe} for more than one person began, with coffins, 

cremation, and house of the dead. Ships associate with burial and dead. 

 

bean Mexico 

inventor 

Mexico City, Mexico 

-3500 

bean cultivation [-3500] 

Kidney or pinto beans {bean, cultivation} farmed. 

 

Botai culture 

inventor 

Kazakhstan 

-3500 

horse domestication [-3500] 

Botai domesticated and rode horses {horse domestication}. 

 

guinea pig domestication 

inventor 

Andes Mountains 

-3500 

guinea pig domestication [-3500] 

Rodents {guinea pig, domestication} can be native to South America. 

 

llama domestication 

inventor 

Andes Mountains 

-3500 

llama domestication [-3500] 

Goat-like animals {llama, domestication} can be native to Andes. 

 

manioc cultivation 

inventor 

Andes Mountains 

-3500 

manioc cultivation [-3500] 

Plants {manioc, cultivation} can be native to South America. 

 

nickel-iron 

inventor 

Egypt 

-3500 

nickel-iron [-3500: from meteorites] 

Meteorite smelting can make alloy {nickel-iron}. 

 

pumpkin cultivation 

inventor 

Mexico City, Mexico 

-3500 



pumpkin cultivation [-3500] 

Plants {pumpkin, cultivation} can be native to Mexico. 

 

squash Mexico 

inventor 

Mexico City, Mexico 

-3500 

squash cultivation [-3500] 

Plants {squash, cultivation} can be native to Mexico. 

 

turkey domestication 

inventor 

Mexico City, Mexico 

-3500 

turkey domestication [-3500] 

Birds {turkey, domestication} can be native to Americas. 

 

corn Mexico 

inventor 

Mexico City, Mexico 

-3500 to -3000 

corn cultivation [-3500] 

Native corn {corn, cultivation} grew in Valley of Tehuacán in south Puebla and north Oaxaca. 

 

cotton Peru 

inventor 

Peru 

-3500 to -2000 

cotton cultivation [-3500 to -2000] 

Plants {cotton, cultivation} can grow on coast. 

 

wheel 

inventor 

Turkey 

-3400 

wheel [-3400] 

Black-Sea area had potter's wheels {wheel}, solid three-plank wood wheels, and axles. 

 

passage grave Europe 

inventor 

Europe 

-3300 to -3000 

passage grave [-3300 to -3000] 

Community burial tombs {passage grave} used large stones: Newgrange in Ireland [-3200], Maes Howe in Orkney, 

Scotland [-3300 to -3000], Jordhoj in Denmark [-3350], Los Millares in Spain [-3300 to -3000], and Mane Karnaplaye 

in France [-3500 to -3300]. 

 

hieroglyphics invented 

inventor 

Egypt 

-3200 to -3100 

hieroglyphics [-3200 to -3100] 

Picture writing began. 

 

bronze Sumer 

inventor 



Sumer 

-3100 

bronze [-3100] 

Bronze has copper and tin. 

 

alcohol invented 

inventor 

Sumer 

-3000 

alcohol [-3000] 

People can make drinks {alcohol, invented} from fermented barley. 

 

apple 

inventor 

Sumer 

-3000 

apple cultivation [-3000] 

Plants {apple, cultivation} can be native to Sumer. 

 

arch invented 

inventor 

Near East 

-3000 

arch [-3000] 

Rounded parts {arch} can curve from column to keystone. 

 

ass domestication 

inventor 

Egypt 

-3000 

ass domestication [-3000] 

Animals {ass, domestication} can carry loads. 

 

barley Sumer 

inventor 

Sumer 

-3000 

barley cultivation [-3000] 

Alcohol can come from fermented barley. 

 

candle invented 

inventor 

Egypt 

-3000 

candle [-3000] 

Reeds soaked in tallow {rushlight} can burn at tip. Later, Romans used wicks rolled in tallow and possibly beeswax 

{candle} [-3000]. 

 

constellations 

astronomer 

Egypt/Sumer 

-3000 

Egyptian and Sumerian astronomers identified constellations and star motions. 

 

date cultivation 

inventor 



Sumer 

-3000 

date cultivation [-3000] 

Plants {date, cultivation} can be native to Sumer. 

 

flax Sumer 

inventor 

Sumer 

-3000 

flax [-3000] 

Plants {flax, Sumer} can be native to Sumer. 

 

grape Sumer 

inventor 

Sumer 

-3000 

grape cultivation [-3000] 

Plants {grape, cultivation} can be native to Sumer. 

 

millet Sumer 

inventor 

Sumer 

-3000 

millet cultivation [-3000] 

Millet is native to Sumer. 

 

onager 

inventor 

Near East/Asia 

-3000 

onager domestication [-3000: wild ass used as draft animal] 

Asia had draft-animal domestication {onager}, but Americas had no such domestication. 

 

ox domestication 

inventor 

Near East/Asia 

-3000 

ox domestication [-3000: used as draft animal] 

Asia had draft-animal domestication {ox domestication}, but Americas had no such domestication. 

 

palm oil 

inventor 

Africa 

-3000 

palm oil extraction [-3000] 

People extracted oil {palm oil} from palm trees in central west Africa. 

 

papyrus 

inventor 

Egypt 

-3000 

papyrus [-3000] 

Paper {papyrus}| can use stripped and crossed reeds and have sheets pasted at edges to make scrolls. 

 

plow China 

inventor 



China 

-3000 

plow [-3000] 

Perhaps, plow came from India. 

 

plow Egypt 

inventor 

Egypt 

-3000 

plow [-3000] 

Crook plow developed from hoe. Spade plow developed from digging stick. Men plowed, but women used hoe or 

digging stick. Early sub-Saharan Africa and New World had no plows. Plows improve soil fertility by bringing up 

buried nutrients, and they control weeds. People, oxen, horses, or cattle can pull plows. Animals produce manure to 

make ground more fertile. 

 

plow Mesopotamia 

inventor 

Mesopotamia 

-3000 

plow [-3000] 

Wooden plows, pulled through ground, broke soil surface, so seeds went underground. 

 

plum Sumer 

inventor 

Sumer 

-3000 

plum cultivation [-3000] 

Plants {plum, cultivation} can be native to Sumer. 

 

sesame Sumer 

inventor 

Sumer 

-3000 

sesame cultivation [-3000] 

Sesame is native to Sumer. 

 

sexagesimal number began 

mathematician 

Mesopotamia 

-3000 

sexagesimal number system 

Sumerian sexagesimal number system was for finances, with positional notation but with no zero. They had ordinal 

numbers, cardinal numbers, odd and even numbers, addition, subtraction, and simple fractions. They also used lines, 

circles, and angles. 

 

wheat Sumer 

inventor 

Sumer 

-3000 

wheat cultivation [-3000] 

Wheat came from Egypt. 

 

glass invented 

inventor 

Sumer/Egypt 

-3000 to -2500 



glass [-3000 to -2500] 

People used natural glass pieces, with no sand melting. 

 

stone temple 

inventor 

Malta 

-3000 to -2500 

stone temple [-3000 to -2500] 

Groups built houses {stone temple} of worship to local gods. 

 

grave 

inventor 

Greece/Italy/Asia Minor/Egypt 

-3000 to -2000 

grave [-3000 to -2000] 

Stone graves {grave} with passageways, for up to 100 people, were above ground. After first burial was a second bone 

burial. Later tombs, for 20 to 60 people, were below ground. 

 

teff 

inventor 

Ethiopia 

-3000 to -800 

teff cultivation [-3000 to -800] 

Millet-like grain {teff} is native to Ethiopia and has small round gray grains. 

 

coffee bean 

inventor 

Ethiopia 

-3000 to 1400 

coffee bean use [-3000] 

Plants can have beans {coffee bean} and be native to Ethiopia. Trade began [1300 to 1400]. Yemen was major 

producer [1400 to 1600]. 

 

decimal number system 

number system 

Egypt 

-2900 

decimal number system [-2900] 

Egyptian mathematicians used hieroglyphs to represent 1, 10, 100, 1000, 10000, and 100000. 

 

pig Indochina 

inventor 

Indochina 

-2900 

pig domesticated [-2900] 

Pig came from China. 

 

Egyptian calendar 

calendar 

Egypt 

-2770 

Egyptian calendar [-2770: solar calendar] 

Year was 365 days long, with 12 months of 30 days. Calendar predicted Nile flooding. 

 

silk cloth 

inventor 



China 

-2540 

silk cloth [-2540] 

Silk threads became cloth {silk cloth}. 

 

barley Europe 

inventor 

Europe 

-2500 

barley cultivation [-2500] 

Plants {barley cultivation} came from Middle East. 

 

bronze Egypt 

inventor 

Egypt 

-2500 

bronze [-2500] 

Bronze has copper and tin. 

 

camel Afghanistan 

inventor 

Afghanistan 

-2500 

camel domestication [-2500] 

Animals {camel, domestication} can be native to Afghanistan. 

 

corn Central America 

inventor 

Central America 

-2500 

corn cultivation [-2500] 

Corn cultivation came from Mexico. 

 

elephant Dravidian 

inventor 

Indus River 

-2500 

elephant domestication [-2500] 

Animals {elephant domestication} can be native to India. 

 

goosefoot 

inventor 

USA 

-2500 

goosefoot cultivation [-2500] 

Genus Chenopodium {goosefoot} has herbs like wild spinach. 

 

iron smelting Egypt 

inventor 

Egypt 

-2500 

iron smelting [-2500] 

Iron smelting began. 

 

post-and-lintel 

inventor 



Egypt 

-2500 

post-and-lintel architecture [-2500] 

two vertical supports and horizontal beam {post-and-lintel}. 

 

square-rigged sail 

inventor 

Egypt 

-2500 

square-rigged sail [-2500] 

Square sails {square-rigged sail} turned on mast. 

 

sunflower cultivation 

inventor 

USA 

-2500 

sunflower cultivation [-2500] 

Plants {sunflower, cultivation} can be native to USA. 

 

wheat Europe 

inventor 

Europe 

-2500 

wheat cultivation [-2500] 

Plants {wheat cultivation} came from Middle East. 

 

potato Peru 

inventor 

Peru 

-2500 to -2000 

potato cultivation [-2500 to -2000] 

Plants {potato, cultivation} can be native to Peru. 

 

wine invented 

inventor 

Egypt 

-2350 

wine [-2350] 

Wine can come from fermented fruit. 

 

mummification 

inventor 

Egypt 

-2300 

mummification [-2300: embalming] 

Life after death needed a body, so embalming began {mummification}. 

 

corn South America 

inventor 

South America 

-2100 

corn cultivation [-2100] 

Corn grew in Andes. 

 

bean Peru 

inventor 



Peru 

-2000 

bean cultivation [-2000] 

Lima beans farmed. 

 

decimal number system 

number system 

India/Pakistan 

-2000 

decimal number system [-2000] 

Harappans decimal system was for weights and lengths. 

 

fired clay 

inventor 

Peru 

-2000 

fired clay [-2000] 

Towns, temples, and tombs used baked clay {fired clay} bricks. 

 

maize modern 

inventor 

Mexico 

-2000 

modern maize [-2000] 

Corn became easily edible. 

 

metal alloy 

inventor 

Near East 

-2000 

metal alloy [-2000] 

Bronze and brass {metal alloy} began. 

 

metal annealing 

inventor 

Near East 

-2000 

metal annealing [-2000] 

Metal heating and cooling {metal annealing} strengthens it. 

 

metal casting 

inventor 

Near East 

-2000 

metal casting [-2000] 

Melted iron hardened in sand molds {metal casting}. 

 

metal joining 

inventor 

Near East 

-2000 

metal joining [-2000] 

Melted metals can stick together {metal joining}. 

 

petroleum Mesopotamia 

inventor 



Mesopotamia 

-2000 

petroleum from rock asphalt [-2000] 

Heating surface asphalt can remove petroleum. 

 

pictogram invented 

inventor 

Sumer 

-2000 

pictogram [-2000] 

Pictograms pressed into clay with reed showed human processions, heroes fighting two beasts, and war. 

 

planet motions 

astronomer 

Babylonia 

-2000 

Babylonian astronomers recorded Moon and Venus cycles. 

 

quinoa seeds 

inventor 

Peru 

-2000 

quinoa cultivation [-2000] 

Plants {quinoa} can be native to Peru and have edible seeds. 

 

silver money 

inventor 

Cappadocia 

-2000 

silver ingots for money [-2000] 

Precious metal was in coins {silver ingots for money}. 

 

smelting metal 

inventor 

Near East 

-2000 

smelting metal [-2000] 

Heating metal ore {smelting metal} can extract metal. 

 

squash Peru 

inventor 

Peru 

-2000 

squash cultivation [-2000] 

Squash came from Mexico. 

 

stone tool ground 

inventor 

Southeast Asia 

-2000 

stone tool with ground edge [-2000] 

Hard stones {stone tool with ground edge} like flint and chert can scratch softer stones. 

 

work hardening 

inventor 

Near East 



-2000 

work hardening [-2000] 

Pounding metal {work hardening} can make it stronger. 

 

bronze England 

inventor 

England 

-2000 to -500 

bronze [-2000 to -500] 

Bronze came from Middle East. 

 

algebra invented 

mathematician 

Babylonia/Egypt 

-1950 to -1750 

algebra 

Middle Eastern mathematicians solved general linear and quadratic equations using variables. 

 

Moscow Papyrus 

mathematician 

Thebes, Egypt 

-1900 

Moscow Papyrus or Golenischev Papyrus [-1900] 

Papyrus describes Egyptian geometry. 

 

Pythagorean theorem proved 

mathematician 

Babylonia 

-1850 to -1750 

Pythagorean theorem 

Babylonian mathematicians used Pythagorean theorem to find distances. 

 

chariot invented 

inventor 

Scythia 

-1800 

chariot [-1800] 

two wheels and horses pull it. 

 

iron Assyria 

inventor 

Assyria 

-1800 

iron from ore [-1800] 

Strong metal {iron from ore} came from Egypt. 

 

multiplication table 

mathematician 

Babylonia 

-1800 to -1750 

multiplication table 

Babylonian mathematicians calculated multiplication tables for number squares, cubes, and square roots, using 

sexagesimal number system with positional notation. 

 

beer invented 

inventor 



Sumer 

-1750 

beer [-1750] 

Beer can come from fermented barley. 

 

Sun and Moon position 

mathematician 

Babylonia 

-1750 

Sun and Moon position prediction 

Babylonian mathematicians predicted Sun and Moon positions. 

 

Phaistos Disk 

inventor 

Crete 

-1700 

Phaistos Disk [-1700] 

Scribes pressed symbols into clay, on both sides, using 45 printing blocks, and then baked the clay. 

 

sutlee 

inventor 

Pakistan/India 

-1700 to -350 

Husband's funeral pyre also burned widow {sutlee}. 

 

Ahmes 

mathematician 

Fayum, Egypt 

-1650 

Rhind papyrus or Ahmes Papyrus [-1650] 

He lived -1680 to -1620, solved practical architecture problems, calculated astronomical events, and used simple 

interest, compound interest, principal, and rate. Multiplication is repeated doubling, and division is repeated halving. 

 

Nebra disk 

inventor 

Nebra, Germany 

-1600 

Nebra disk [-1600: bronze astronomical instrument with gold leaf] 

Two opposing arcs depict sunrise and sunset positions from winter to summer solstice. It has crescent moon, full moon, 

and Pleiades. 

 

olive Crete 

inventor 

Crete 

-1600 

olive cultivation [-1600] 

Plants {olive, cultivation} can be native to Crete. 

 

brass invented 

inventor 

Near East 

-1500 

brass [-1500] 

Alloys {brass} can have copper and zinc. 

 

bronze China 



inventor 

China 

-1500 

bronze [-1500] 

Copper and tin smelting to make bronze began. 

 

coin Sumer 

inventor 

Sumer 

-1500 

coin [-1500] 

Metal coins had images. 

 

glass bowl 

inventor 

Sumer 

-1500 

glass bowl [-1500] 

Melted sand cooled to glass {glass bowl}. 

 

irrigation by water wheel 

inventor 

Sumer 

-1500 

irrigation using water wheels and pulleys [-1500] 

People and animals turned wheels to move water. 

 

merchant travel 

inventor 

Sumer 

-1500 

merchant travel [-1500] 

Traders went all over Middle East {merchant travel}. 

 

mercury 

inventor 

Egypt 

-1500 

mercury [-1500] 

Cinnabar can separate into mercury {mercury} and sulfur by heating. 

 

pewter invented 

inventor 

Near East 

-1500 

pewter [-1500] 

Pewter is tin with some lead. 

 

solder invented 

inventor 

Near East 

-1500 

solder [-1500] 

Tin and lead {solder} melts easily and can join metal pieces. 

 

spinning invented 



inventor 

Sumer 

-1500 

spinning [-1500] 

Twisted plant fibers {spinning} can make string. 

 

sulfur purified 

inventor 

Egypt 

-1500 

sulfur [-1500] 

Cinnabar can separate into mercury and sulfur by heating. 

 

aqueduct Egypt 

inventor 

Egypt 

-1500 to -1300 

aqueduct [-1500 to -1300] 

Aqueduct carried water to palace. 

 

shadoof 

inventor 

Egypt 

-1500 to -1300 

shadoof [-1500 to -1300: raises water to higher level] 

Aqueducts {shadoof} were for irrigation. 

 

tin smelting 

inventor 

Anatolia/Mesopotamia/Afghanistan 

-1500 to -1000 

tin smelting [-1500 to -1000] 

White tin and gray tin have low melting points {tin smelting}. 

 

iron plow share 

inventor 

India 

-1400 

iron plow share [-1400] 

Wooden plows {iron plow share} had an iron share and cutter. 

 

alphabet Phoenicia 

inventor 

Phoenicia 

-1400 to -1000 

alphabet [-1400 to -1000] 

Letters {alphabet, Phoenicia} can be sounds, with no pictures. 

 

decimal number system 

number system 

China 

-1360 

decimal number system [-1360: decimal number system] 

It had nine symbols for numerals 1 through 9, but zeroes were empty spaces. 

 

Lagadha 



astronomer 

India 

-1350 

Vedic Text on Light [-1350: Vedic astronomy] 

He described Sun and Moon motions. 

 

calendar Sothis 

astronomer 

Egypt 

-1300 

Egyptian astronomers measured years by the star Sothis (Sirius). 

 

canal 

inventor 

Egypt 

-1300 

canal [-1300] 

A waterway {canal} went from Nile River to Arabian Gulf. 

 

logogram invented 

inventor 

China 

-1300 

logogram writing [-1300] 

Pictorial writing began. 

 

ship 

inventor 

Egypt/Mediterranean Sea 

-1300 

ship [-1300: much larger than boats] 

Large boats {ship} began. 

 

camel Arabia 

inventor 

Arabia 

-1200 

camel domestication [-1200] 

Camel is native to Arabia. 

 

linear measurement 

inventor 

Assyria 

-1200 

measurement [-1200] 

Linear measurements {linear measurement} began. 

 

positional notation began 

inventor 

Assyria 

-1200 

mathematics [-1200] 

Assyria used base-60 number system and positional notation. Arithmetic included multiplication and division. 

Fractions and ratios included common denominator. They found squares, cubes, and square roots. 

 

steel Near East 



inventor 

Near East 

-1200 

steel [-1200: iron heated very hot with charcoal] 

Iron mixed with carbon at high heat can make steel. Steel is stronger and rusts less than iron. 

 

yam West Africa 

inventor 

West Africa 

-1200 

yam cultivation [-1200] 

Plants {yam, cultivation} can be native to, and first farmed, in central west Africa. 

 

amber 

inventor 

Baltic Sea 

-1000 

amber [-1000] 

fossil tree resin {amber, discovered}. 

 

counting board 

calculator 

China 

-1000 

counting board [-1000] 

Manipulating objects can add and subtract. 

 

dye 

inventor 

Egypt 

-1000 

dye from plant [-1000] 

Water or alcohol can extract plant pigments {dye from plant}. 

 

enamel 

inventor 

Egypt 

-1000 

enamel [-1000] 

Oil with pigment {enamel, oil} can bake on surfaces. 

 

fortified cities 

inventor 

Southeast Asia 

-1000 

fortified city [-1000] 

Cities {fortified city} had walls and towers. 

 

glass tinting 

inventor 

Egypt 

-1000 

glass tinting [-1000] 

Melted glass can have pigment {glass tinting}. 

 

gold fusion 



inventor 

Egypt 

-1000 

gold fusion [-1000] 

Gold can mix with other metals {gold fusion}. 

 

iron Greece 

inventor 

Greece/Italy 

-1000 

iron casting [-1000] 

Iron came from Middle East. 

 

oil extraction 

inventor 

Egypt 

-1000 

oil extraction from plant [-1000] 

Squeezing or heating plants can extract oil {oil extraction from plant}. 

 

Phoenicians 

inventor 

Lebanon/Cyprus/Yugoslavia 

-1000 

copper mining [-1000] 

Phoenicians built copper mines {copper mining}, with sixty-foot long shafts underground. 

 

ships sealed decks 

inventor 

Phoenicia 

-1000 

ships with sealed decks [-1000] 

Ships {ships with sealed decks} had wood planks with sealant. 

 

spice 

inventor 

India 

-1000 

spice [-1000] 

Spices {spice} are native to India. 

 

steel India 

inventor 

India 

-1000 

steel [-1000] 

Iron mixed with carbon at high heat can make steel. Steel is stronger and rusts less than iron. 

 

astronomy Babylonia 

inventor 

Babylonia 

-1000 to -700 

astronomy [-1000 to -700] 

They knew Sun, moon, and planet paths and predicted lunar eclipses. 

 

mathematics tables 



inventor 

Babylonia 

-1000 to -700 

mathematics tables [-1000 to -700] 

Babylonians calculated mathematics tables {mathematics tables} for arithmetic. 

 

sixty-minute hour 

inventor 

Babylonia 

-1000 to -700 

sixty-minute hour [-1000 to -700] 

Babylonia divided day into time units {sixty-minute hour}. 

 

triangle and circle 

inventor 

Babylonia 

-1000 to -700 

triangle and circle geometry [-1000 to -700]; geometry 

Babylonians studied triangle geometry and gave circle 360 degrees {triangle and circle geometry}. 

 

abacus 

calculator 

Greece/Middle East/China 

-1000 to -500 

abacus [-1000 to -500: calculating frame with sliding beads] 

The word abacus comes from Indo-European root for sand. 

 

chemistry in history 

chemist 

Earth 

-1000 to 2007 

Chemistry includes analytical chemistry, biochemistry, inorganic chemistry, organic chemistry, and physical chemistry. 

 

iron Austria 

inventor 

Hallstatt, Austria 

-900 

iron swords and harnesses [-900] 

Strong metal {iron} came from Middle East. 

 

salt mining 

inventor 

Hallstatt, Austria 

-900 

salt mining [-900] 

People used salt for curing and flavor {salt mining}. 

 

tecoatl 

inventor 

Puebla, Mexico 

-800 to 1500 

In south Mexico, Tehuacán Valley, 1200 kilometers of canals were dug that became coated with travertine from calcite-

soaked water and today look like stone snakes {tecoatl}. Small terraces layered sloped ground. It rains only six months 

and is dry six months. Purrón Dam was near Puebla [-750 to 1150]. 

 

Greek alphabet began 



inventor 

Greece 

-725 

Greek alphabet [-725] 

similar to Phoenician. 

 

Manava 

Vedic priest/craftsman 

India 

-720 

Discourses on Altar Construction [-720: about altar construction] 

He lived -750 to -690 and constructed circles from rectangles and squares from circles. 

 

azimuth invented 

inventor 

Assyria 

-700 

azimuth [-700] 

Assyrians used mathematical astronomy to measure azimuth. 

 

calendar Assyria 

inventor 

Assyria 

-700 

calendar [-700] 

Lunar calendar {calendar, Assyria} had 12 months. 

 

iron tools 

inventor 

Egypt 

-700 

iron tools and weapons 

Iron tools {iron tools} began. 

 

coin Phoenicia 

inventor 

Phoenicia 

-700 to -600 

coin [-700 to -600] 

Metal discs {coin} had images. 

 

cheese 

inventor 

Near East 

-600 

cheese [-600] 

Domesticated cows, sheep, and goats make milk that can ferment {cheese}. 

 

glyph writing Zapotec 

inventor 

Mexico 

-600 

glyph writing [-600] 

Zapotec culture was in south Mexico {glyph writing}. 

 

copper mining Katanga 



inventor 

Katanga/Mauritania/Senegal 

-600 to -500 

copper mining and smelting [-600 to -500] 

Countries still have great copper deposits {copper, mining and smelting}. 

 

counting rods 

calculator 

China 

-540 

counting rods [-540] 

Manipulating red and black counting rods can add and subtract. 

 

Pythagoras 

mathematician 

Greece 

-530 

He lived -580 or -569 to -500 and invented gnomon and Pythagorean theorem. He used similar figures, proportions, 

Pythagorean triples, Golden Ratio, Golden Section, and Golden Rectangle, and triangular, square, perfect, amicable, 

and prime numbers. 

 

iron China 

inventor 

China 

-500 

iron casting [-500]; iron forging [-500] 

Cast-iron sickles began {iron casting}. 

 

poultice invented 

inventor 

China 

-500 

poultice [-500] 

Mold from soybean curds covered boils. 

 

sexagesimal number system 

mathematician 

Babylonia 

-500 

sexagesimal number system 

Babylonian mathematicians used number system based on 60 {sexagesimal number system}. They predicted Sun, 

Moon, and planet positions based on previous positions that they had recorded. 

 

Alcmaeon or Alcmaeon of Croton 

doctor 

Crotona, Italy 

-500 to -450 

Dissections [-500]; On Nature [-500 to -450] 

He lived -535 to -440 and dissected animals. Body has opposing powers, hot/cold and wet/dry, which balance in health. 

Galen later used this idea. 

 

iron Nigeria 

inventor 

Nigeria 

-500 to -400 

iron [-500 to -400] 



Iron smelters {iron, smelting} were maguzawa or fire magicians. Iron was main factor in Dahomey, Benin, and Yoruba 

kingdoms, especially at Ife and Oyo. 

 

spherical Earth 

astronomer 

Egypt/Babylonia 

-500 to -400 

spherical Earth [-500 to -400] 

Aristotle wrote that Earth is spherical and people had known it for long time. 

 

cotton India 

inventor 

India 

-450 

cotton cultivation [-450] 

Cotton is native to India. 

 

woodworking tool 

inventor 

Canada/Alaska 

-450 

woodworking tool [-450] 

Totem carving began {woodworking tool}. 

 

Hippocrates of Chios 

mathematician 

Athens, Greece 

-450 to -410 

He lived -470 to -410 and wrote first geometry text, first calculated curved area using rectilinear figures {quadrature, 

Hippocrates}, and first proved theorems using earlier theorems {pyramiding theorems}. He invented method of proving 

something by disproving its opposite {indirect proof, Hippocrates}. 

 

Sophists 

mathematics school 

Greece 

-450 to -300 

Sophists invented geometric proofs and studied circles as many-sided regular polygons. They tried to square circle, 

trisect angle, and double cube using only straightedge and compass. 

 

Hippocrates 

doctor 

Cos, Greece 

-430 to -400 

On Ancient Medicine [-430 to -400]; On Wounds of the Head [-430 to -400] 

He lived -460 to -377. The "father of medicine" wrote case histories, disease observations, and Hippocratic oath. He 

described trephining skull holes. Disease results from humor essence imbalance. 

 

aqueduct Greece 

inventor 

Athens, Greece 

-400 

aqueduct [-400] 

Aqueduct carried water to Athens. 

 

copper Mauritania 

inventor 



Mauritania 

-400 

copper smelting [-400]; copper arrowheads [-400] 

Mauritania was in west Sahara {copper, smelting}. 

 

dam invented 

inventor 

Greece 

-400 

dam [-400] 

Earth, wood, or stone can block river. 

 

Platonists 

mathematics school 

Greece 

-400 to -350 

Platonists used inference, proof, deduction, and induction. They studied regular polyhedra, conic sections, prism, 

pyramid, cone, cylinder, perimeter, area, volume, and surfaces. Regular polyhedra are tetrahedron, icosahedron, and 

dodecahedron. 

 

wine from grapes 

inventor 

Egypt 

-400 to -300 

grape wine [-400 to -300] 

Wine can come from fermented grapes. 

 

Eudoxus of Cnidus 

astronomer/mathematician 

Cnidus, Greece 

-380 to -355 

He lived -408 to -355. He studied limits, used infinite polygons to find curved-figure areas and volumes {exhaustion 

method, Eudoxus}, and developed explicit axioms. 

Proportion is magnitude or length. He showed how to prove that two different integer ratios, which make real numbers, 

are equal or not equal. Proportions are magnitude or length ratios. To compare ratios, find integer pairs such that 

product of first integer and numerators and product of second integer and denominators makes numerators greater than 

denominators. If successful, first ratio is greater than second, because new ratio, first/second, is less than first ratio and 

greater than second ratio. If unsuccessful, find integer pairs such that product of first integer and numerators and 

product of second integer and denominators makes numerators less than denominators. If successful, first ratio is less 

than second, because new ratio, first/second, is greater than first ratio and less than second ratio. If not successful, ratios 

are equal. You can thus approach any real number and so can work with irrational-number square roots of positive 

integers. 

Planetary orbits are nested spheres. He measured year length. 

 

Euclid 

mathematician 

Alexandria, Egypt 

-300 to -280 

Elements [-300 to -280] 

He lived -325 to -265 developed Euclid's theorem and Euclid's algorithm. He studied perpendicular, parallel, 

superposition, arc, and prime numbers. He used exhaustion method, rather than infinitesimals, to study curves. He 

systematized plane geometry, number proportions and ratios, prime numbers, and solid geometry. 

Book 1 is about congruence, parallel lines, Pythagorean theorem, simple constructions, constructions with equal areas, 

and parallelograms {rectilinear figure, Euclid}. Sum of two triangle-side lengths is greater than or equal to third-side 

length. Book 2 is about geometric algebra, using areas and volumes to find products and quadratic equations, and 

adding line segments to add. Book 3 is about circles, chords, tangents, secants, central angles, and inscribed angles. 



Book 4 is about figures inscribed in, or circumscribed around, circles. Book 5 is about proportion by magnitudes, 

commensurable magnitudes, and incommensurable magnitudes. Book 6 is about similar figures, using proportions. 

Book 7 is about number theory, Euclidean algorithm, and numbers as line segments. Book 8 is about geometric 

progressions. Book 9 is about square and cubic numbers, plane and solid numbers, geometric progressions, and the 

theorem that number of primes is infinite. Book 10 classifies incommensurable magnitudes. Book 11 is about convex 

solids and generation of solids. Book 12 is about curved-surface areas and volumes, using exhaustion method and 

indirect proof. Book 13 is about regular polyhedrons in spheres and regular polygons in circles. 

 

Herophilus 

anatomist 

Alexandria, Egypt 

-300 to -280 

He lived -335 to -280, dissected human body, and compared to other animal bodies. He described brain, brain 

ventricles, heart, heart valves, nervous system, sense and motor nerves, cornea, sclera, choroid, retina, and lens. He 

founded medical school at Alexandria. 

 

Platonists 

mathematics school 

Greece 

-300 to -150 

Platonists studied prisms, pyramids, cylinders, cones, conic sections, and the five regular polyhedra. They gave circle 

360 degrees. They assumed proposition is true and then deduced consequences, until statement is clearly true or false 

{method of analysis}. They assumed theorem and showed that theorem leads to contradiction, so theorem is false 

{reductio ad absurdum, Platonists}. They used deductive proof {deduction, Platonists}. 

 

Erasistratus 

anatomist 

Alexandria, Egypt 

-280 to -250 

He lived -304 to -250, dissected animals and humans, and described brain, brain ventricles, heart, heart valves, nervous 

system, sense and motor nerves, cornea, sclera, choroid, retina, and lens. 

 

Archimedes 

physicist/mathematician/inventor 

Syracuse, Sicily 

-264 to -212 

Archimedes' screw 

He lived -287 to -212 and invented Archimedes' theorem, Archimedes spiral, Archimedes axiom, and Archimedes real-

number property. He used exhaustion method to find pi and sphere and conic areas and volumes. He used completeness 

axiom. He found Archimedes buoyancy law {Archimedes' principle, Archimedes} {Archimedes principle, 

Archimedes}. He put a screw {Archimedes' screw} {Archimedes screw} inside a cylinder, to lift water. 

 

Aristarchus of Samos 

astronomer 

Alexandria, Egypt/Samos, Ionia 

-260 

He lived -310 to -250, invented heliocentric theory [-260], calculated Earth-to-Sun distance to Earth-to-Moon distance 

ratio from angle at half moon, found Moon distance and size from Earth shadow on Moon during lunar eclipse, and 

stated causes of night and day and seasons. 

 

crop rotation Greece 

inventor 

Greece 

-250 

crop rotation [-250] 

Different plant types can grow successively. 



 

Eratosthenes 

mathematician 

Egypt 

-250 to -200 

He lived -276 to -194 and found circumference of Earth. 

 

Apollonius of Perga or Appolonios or Great Geometer 

mathematician/philosopher 

Greece 

-230 to -200 

Conics or Conic Sections [-230 to -200] 

He lived -262 to -185 and was Neo-Pythagorean and mystic. He invented a systematic theory of parabolas, ellipses, and 

hyperbolas, based on eccentricity, directrix, and focus. He studied right circular cones, oblique circular cones, 

hyperbolas, parabolas, ellipses, conjugate diameters, tangents, asymptotes, foci, conic intersections, maximum and 

minimum conic lengths, conic normals, similar and congruent conics, and conic segments. Two conic tangents meet at 

poles, and sides are polars. Given three points, lines, or circles, construct a circle tangent to or including the points, 

lines, or circles {Apollonian problem}. 

#*********  Ethics 

Simple life is best. 

#*********  Mind 

Mind and body are separate realities. 

 

Hipparchus 

astronomer 

Greece 

-134 

He lived -190 to -120 and measured relative star brightness, equinox precession [-150], and Moon size from lunar-

eclipse parallax [-130]. 

 

harbor 

inventor 

Rome, Italy 

-100 

harbor [-100] 

Concrete docks {harbor} began. 

 

Antikythera mechanism 

inventor 

Greece 

-87 

Antikythera mechanism [-87] 

A 19-year astronomical calendar has bronze gears and a differential turntable. 

 

aqueduct Rome 

inventor 

Rome, Italy 

-31 to 476 

aqueduct [-31 to 476] 

Aqueduct carried water to Rome. 

 

bath 

inventor 

Rome, Italy 

-31 to 476 

bath [-31 to 476] 



Public baths {bath} began. 

 

central heating 

inventor 

Rome, Italy 

-31 to 476 

central heating [-31 to 476] 

Heating {central heating} used ducts. 

 

concrete invented 

inventor 

Rome, Italy 

-31 to 476 

concrete [-31 to 476] 

Concrete is sand and pebbles in cement. 

 

crane lever invented 

inventor 

Rome, Italy 

-31 to 476 

crane [-31 to 476] 

lever {crane, invented}. 

 

plumbing began 

inventor 

Rome, Italy 

-31 to 476 

plumbing [-31 to 476] 

Pipes led to houses with water and from houses to sewer system {plumbing}. 

 

tackle 

inventor 

Rome, Italy 

-31 to 476 

tackle [-31 to 476] 

Pulleys {tackle, construction} aided construction. 

 

water mill Rome 

inventor 

Rome, Italy 

-31 to 476 

water mill [-31 to 476] 

Vertical wheels with slats can turn in rivers, and water-mill rotating force can grind grain or cut wood. 

 

windlass invented 

inventor 

Rome, Italy 

-31 to 476 

windlass [-31 to 476] 

Crank can turn horizontal cylinder to wind cable or rope and lift something. 

 

glass window Rome 

inventor 

Rome, Italy 

1 

glass window [1] 



Melted sand becomes transparent or translucent. 

 

road tunnel 

inventor 

Rome, Italy 

1 

road tunnel [1] 

Arches allowed tunnels {road tunnel}. 

 

Hermes Trismegistos or Hermes the Thrice Great 

alchemist 

Chenoboskion, Egypt/Nag Hammadi, Egypt/Alexandria, Egypt 

1 to 100 

Emerald Tablet [1 to 100: translated by Ficino in 1463] 

He began Alchemy and Hermetism or Hermetic philosophy. 

Chenoboskion is on Nile River west bank in Upper Egypt. 

Nature has interconvertible and mixable elements: earth or solid, fire or energy, air or gas, water or liquid. Metals relate 

to body parts. Gold represents longevity. Sulfur, as fire and spirit, and mercury, as water and soul, make minerals and 

metals. Gold has value, because it does not rust and does not change with heat, alkali, or acid. All metals can grow into 

gold. Philosophers Stone, Elixir of Life, or Red Tincture can change base metal into gold. 

#*********  Epistemology 

Using reason can make people like gods, by removing misconceptions {twelve madnesses} and perceiving the order of 

nature. 

#*********  Metaphysics 

God is beyond human conception. 

 

breast harness 

inventor 

China 

25 to 220 

breast harness for horses for pulling loads [25 to 220] 

Leather apparatus {breast harness} was over horse head. 

 

caliper invented 

inventor 

China 

25 to 220 

decimal caliper [25 to 220] 

Hinged points can be for measuring. 

 

crossbow 

inventor 

China 

25 to 220 

crossbow with bronze lock [25 to 220] 

Horizontal bows {crossbow} can have locking mechanisms. 

 

glaze invented 

inventor 

China 

25 to 220 

colored glazes [25 to 220] 

Ceramics had baked glossy colors {glaze, ceramic}. 

 

magnetic compass China 

inventor 



China 

25 to 220 

magnetic compass for temple construction [25 to 220] 

A magnetized needle {magnetic compass} can balance on a point. 

 

map 

inventor 

China 

25 to 220 

map with grid [25 to 220] 

Maps {map with grid} showed longitude and latitude. 

 

rudder at stern 

inventor 

China 

25 to 220 

stern rudder for ships [25 to 220] 

Rear had hinged wood board {rudder, invented}. 

 

Hero of Alexandria 

mathematician/physicist/inventor 

Alexandria, Egypt 

60 to 62 

Pneumatics [60]; Automata [62]; Mechanics [60 to 70]; Metrics [60 to 70]; Sighting Tube [60 to 70] 

He lived 10 to 70, invented Hero's formula, and studied geodesy, mechanics, and pneumatics. He maintained constant 

water-clock water supply, using float and needle valve, as in carburetors. He invented steam engine {aeolipile} [62]. 

 

insecticide invented 

inventor 

China 

100 

insecticide [100: dried chrysanthemum powder] 

Chrysanthemums repel insects. 

 

Mary the Jewess or Maria the Jewess 

alchemist 

Alexandria, Egypt 

100 to 200 

hot ash box [100 to 200: for steady heat]; dung box [100 to 200: for prolonged heat]; double boiler or bain-marie [100 

to 200]; kerotakis [100 to 200: still]; tribikos [100 to 200: top of still] 

Perhaps, she wrote, "One becomes two, two becomes three, and out of the third comes the one as the fourth." 

 

Puspandanta/Bhutabalin 

mathematician 

India 

100 to 200 

Approaching the Parts [100 to 200: decimal number system] 

It has decimal logarithms. 

 

Cai Lun or Ts'ai Lun 

inventor 

China 

105 

paper [105] 

He lived 50 to 121. 

 



Zhang Heng [Heng, Zhang] 

inventor 

China 

120 

seismograph [120] 

He lived 78 to 139. 

 

Wei Po Yang [Yang, Wei Po] 

alchemist 

Luoyang, China 

142 

Commentary on the I Ching [142] 

He lived 100 to 150. Principles similar to alchemy arose in China from Taoism. Nature has interconvertible and 

mixable elements: water, fire, wood, gold, and earth. 

 

Ptolemy 

mathematician 

Alexandria, Egypt 

150 

Almagest or Great Book [150] 

He lived 87 to 150, invented maps with longitude and latitude, discovered Ptolemy's theorem, and invented epicycles to 

describe planetary motions. 

 

Galen 

doctor 

Pergamon, Asia Minor/Greece 

175 to 190 

On the Elements According to Hippocrates [175 to 190]; On the Usefulness of the Parts of the Human Body [175 to 

190: Body parts are as good as they can be for the purpose] 

He lived 131 to 201 and probably developed the fourth syllogism figure. He diagnosed disease by pulse, dissected 

animals, and observed living and dead nerves, blood, and organs. Blood flows back and forth through body. Following 

Erasistratus [-280], body has three spirit types {pneuma, Galen}: natural spirit from liver, vital spirit from left heart 

ventricle, and animal spirit from brain. The four temperaments {temperaments, Galen} are choleric, melancholic, 

phlegmatic, and sanguine. 

 

Olympiodorus 

alchemist 

Greece 

200 to 400 

He lived 410 to 485. 

 

stirrup Huns 

inventor 

Mongolia/China 

220 

stirrup for horses [220] 

Footrests {stirrup} hang from saddle and can direct and speed horse. 

 

Diophantus 

mathematician 

Greece 

250 

Arithmetic [250] 

He lived 200 to 284 and studied number theory, algebra symbols, and determinate and indeterminate equations. 

 

Zosimos of Panoplis 



alchemist 

Greece 

250 to 350 

Keys of Wisdom or Keys of the Craft [250 to 350] 

He was Gnostic, and he mentioned Mary the Jewess. 

 

Ge Hong or Ko Hung 

alchemist 

Mt. Luofu, China 

310 to 330 

Master Who Embraces Simplicity [310 to 330] 

He lived 283 to 343 and was Taoist. 

 

Pappus of Alexandria 

mathematician 

Alexandria, Egypt 

340 

Mathematical Collection or The Collection [340] 

He lived 260 to 350 and proved Pappus' theorem {Guldinus theorem}. 

 

iron East Africa 

inventor 

East Africa 

400 

iron smelting [400] 

Iron smelting came from Congo. 

 

Surya Siddhanta 

mathematician 

India 

400 

Sun Principles [400: about astronomical calculations] 

It depends on Persian books. 

 

Aryabhata or Aryabhatiya or Aryabhatta 

mathematician 

Kusumapura (Patna), Bihar, India 

499 

Works of Aryabhatta [499]; Principles of Aryabhatta [499: about astronomical calculations] 

He lived 476 to 550, used positional notation, found circle chord lengths, and calculated sine tables. 

 

zero symbol 

inventor 

India 

500 

zero symbol [500] 

Decimal system added null digit symbol {zero symbol}. 

 

hogan 

inventor 

Southwest USA 

500 to 1600 

Navajo pueblos were round, dome-like wood frames {hogan}| covered by clay. 

 

kiva 

inventor 



Southwest USA 

500 to 1600 

kiva pueblo [500 to 1600] 

Hopi pueblo {kiva} built. 

 

metates 

inventor 

Southwest USA 

500 to 1600 

Pueblo culture ground corn on flat stones {metates}. 

 

parfleche 

inventor 

USA 

500 to 1600 

tanned leather pouch {parfleche}. 

 

pemmican invented 

inventor 

USA 

500 to 1600 

lard beaten with berries. 

 

tipi 

inventor 

USA 

500 to 1600 

Bison leather covered conical wood frames {teepee} {tipi}|. 

 

silk Byzantium 

smuggler 

Byzantium 

552 to 553 

silkworm smuggling [552 to 553] 

Monks smuggled silkworms to Constantinople from China {silkworm smuggling}. 

 

Varahamihira or Varaha or Mihira 

mathematician 

Ujjain, Mahdya Pradesh, India 

575 

Five Astronomical Canons [575] 

He lived 505 to 587 and used positional notation. 

 

decimal system 

inventor 

India 

595 

decimal system [595] 

ten-digit positional notation {decimal system}. 

 

Bakhshali Manuscript 

mathematician 

Bakhshali, Pakistan 

600 to 700 

Bakhshali Manuscript [600 to 700] 

Manuscript is about arithmetic and algebra. 



 

Grand Canal 

inventor 

China 

605 to 610 

Grand Canal [605 to 610: links Yangtze River with Chang'an River] 

Sui dynasty built it. 

 

Brahmagupta 

mathematician 

Bhillamala (Bhinmal), Rajasthan, India 

628 to 665 

Opening of the Universe or Improved System of Brahma [628]; Time Sweetmeat [665]; zero; negative numbers 

He lived 598 to 668 and used decimal number system, negative numbers, and zero. He invented Brahmagupta's 

theorem. 

 

paper money 

inventor 

China 

650 

paper money [650] 

China printed money {paper money}. 

 

Sun Ssu-miao 

alchemist 

Chang'an (Xian), China 

652 

Great Secrets of Alchemy or Thousand Golden Remedies [652] 

He lived 581 to 673. 

 

Callinicus of Heliopolis or Kallinikos 

inventor/architect 

Syria/Constantinople, Byzantium 

673 

Greek fire [673] 

Byzantine army used flammable liquid {Greek fire}, first in battle of Cyzicus [673] during reign of Constantine 

Pogonatus [648 to 685]. 

 

porcelain 

inventor 

Kaingsi, China 

700 

porcelain [700] 

kaolin baked at high temperature {porcelain}. 

 

printing began 

inventor 

China 

700 

printing [700] 

Carved wood block had applied ink {printing}. 

 

gunpowder invented 

inventor 

China 

700 to 800 



gunpowder [700 to 800: sulfur, charcoal, and saltpeter or potassium nitrate] 

Guns used powder. 

 

pueblo 

inventor 

Canyon de Chelly, Arizona 

700 to 1100 

Dwellings {pueblo}| had interconnecting mud-brick rooms in layers. 

 

motte-and-bailey castle 

inventor 

Europe 

700 to 1600 

motte-and-bailey castle [700 to 1600] 

Timber castles {motte-and-bailey castle} had an earth mound with a wooden tower and walled enclosure. 

 

Mayan astronomers 

astronomer 

Copan, Mexico 

776 

Mayan astronomers gathered to correct their two calendars. 

 

Geber or Jabir ibn Haiyan [Haiyan, Jabir ibn] or Jabir ibn Hayyan [Hayyan, Jabir ibn] 

alchemist 

Iraq 

800 

He lived ? to 803. 

 

perfume 

inventor 

Baghdad, Iraq 

800 

perfume [800] 

Pressed roses form perfume {perfume}. 

 

soap Iraq 

inventor 

Baghdad, Iraq 

800 

soap [800] 

Soap is animal fat mixed with lye. 

 

Mohammad ibn Musa al-Khwarizmi [al-Khwarizmi, Mohammad ibn Musa] or Algorizm or Muhammad Bin 

Musa al-Khwarizmi [al-Khwarizmi, Muhammad Bin Musa] 

mathematician 

Baghdad, Iraq 

825 

Arithmetic [825]; Algebra [839]; world map [830] 

He lived 770 to 840, used Hindu numbers and fractions, and studied algebra. Adelard of Bath and Gerard of Cremona 

[1100 to 1150] translated his works and so transferred Indian and Islamic philosophy to Europe. 

 

Mahavira or Mahaviracharya 

mathematician 

India 

850 

Ganita Sara Sangraha or Compendium of the Essence of Mathematics [850] 



He lived 800 to 870 and used zero, positional notation, decimal system, and negative, irrational, and rational numbers. 

 

Ali ibn Rabn Tabari [Tabari, Ali ibn Rabn] or Ali Bin Rabn Tabari [Tabari, Ali Bin Rabn] 

physician 

Persia/Baghdad, Iraq 

860 

Paradise of Wisdom [860: about Indian and Greek medicine] 

He lived 838 to 923. 

 

Thabit or Tabit ibn Qorra or al-Sabi Thabit ibn Qurra al-Harrani [Thabit ibn Qurra al-Harrani, al-Sabi] 

mathematician 

Baghdad, Iraq 

870 

Conics [870] 

He lived 836 to 901. 

 

al-Battani or al-Batin or Albategnius or Albategni or Albatenius 

mathematician 

Baghdad, Iraq 

900 

Book of Astronomical Tables [900: about astronomical calculations] 

He lived 868 to 929 and found ecliptic angle and solar-year length. 

 

sugar Iraq 

inventor 

Baghdad, Iraq 

900 

sugar refining [900] 

Processing plants can extract sugar with water {sugar refining}. 

 

crop rotation Europe 

inventor 

Europe 

900 to 1000 

crop rotation [900 to 1000] 

Rotating crops {crop rotation} allowed oxen to plough whole field, in northwest Europe. 

 

stirrups Europe 

inventor 

Europe 

900 to 1000 

stirrups [900 to 1000] 

Armored knights rode horses with saddles and foot holders {stirrups}. 

 

water mill Europe 

inventor 

Europe 

900 to 1000 

water mill [900 to 1000] 

Vertical wheels {water mill} with slats turn in rivers, and rotating force can grind grain or cut wood. 

 

wheeled plow 

inventor 

Europe 

900 to 1000 

wheeled plow [900 to 1000] 



Wheeled plows {wheeled plow}, pulled by oxen, dug in north-plains sticky and heavy soil. 

 

Abul Wafa Muhammad al-Buzjani [al-Buzjani, Abul Wafa Muhammad] or al-Buzjani 

mathematician 

Baghdad, Iraq 

970 to 980 

Book on What Is Necessary from the Science of Arithmetic for Scribes and Businessmen [970 to 980]; Book on What 

Is Necessary from Geometric Constructions for the Artisan [970 to 980] 

He lived 940 to 997, used secant and cosecant, and constructed using straightedges and circles. 

 

harness 

inventor 

Europe 

1000 

harness [1000] 

Horses replaced oxen, as harnesses {harness} improved. 

 

whipple-tree 

inventor 

Europe 

1000 

whipple-tree [1000] 

Horses replaced oxen because new devices {whipple-tree} harnessed horses. 

 

al-Karkhi or al-Karaji 

mathematician 

Baghdad, Iraq 

1010 

Glorious on Algebra [1010] 

He lived 953 to 1029 and invented completing the square. 

 

al-Hazen or Alhazen or Ibn al-Haytham [al-Haytham, Ibn] or Abu Ali al-Hassan 

mathematician/physicist 

Baghdad, Iraq/Egypt 

1030 

Treasury of Optics [1030] 

He lived 965 to 1039 and studied perspective, projection, vanishing points, and cubic equations. 

 

mechanical clock 

inventor 

Kaifeng, China 

1090 

mechanical clock driven by water [1090] 

Kaifeng was capital {mechanical clock}. 

 

Bhaskara or Bhaskara II or Bhaskaracharya 

mathematician 

Ujjain, Mahdya Pradesh, India 

1114 to 1140 

Sun Spheres and Light [1114: spheres, planets, and decimal number system]; Diadem of an Astronomical System 

[1140] 

He lived 1114 to 1185, followed Brahmagupta, and used combinations and permutations. 

 

card 

inventor 

China 



1120 

card with painting [1120] 

Court played card game. 

 

cotton paper 

inventor 

Europe 

1200 

cotton paper [1200] 

Cotton fibers can be cut, bleached, and pressed dry {cotton paper}. 

 

linen paper 

inventor 

Europe 

1200 

linen paper [1200] 

Flax fibers must be cut, bleached, and pressed dry {linen paper}. 

 

fulling 

inventor 

Europe 

1200 to 1300 

fulling [1200 to 1300] 

cleaning and thickening cloth {fulling}. 

 

water wheel 

inventor 

Europe 

1200 to 1300 

water wheel [1200 to 1300] 

Water mills {water wheel} ground corn, blew bellows for forges, cleaned and thickened cloth, moved hammers, and 

cut wood. 

 

windmill invented 

inventor 

Europe 

1200 to 1300 

windmill [1200 to 1300] 

Windmills ground corn. 

 

Fibonacci or Leonardo of Pisa 

mathematician 

Pisa, Italy 

1202 

Book of Calculation [1202] 

He lived 1170 to 1250 and invented Fibonacci numbers and studied number theory. 

 

European alchemists 

alchemist 

Europe 

1250 to 1550 

Alchemists were astrologers, animists, philosophers, and healers. Major European alchemists were Roger Bacon, 

Albertus Magnus, Basil Valentine, and Paracelsus. Alchemists changed metal color, reduced, distilled, calcinated, 

sublimated, and cupellated. They used a still {alembic} and refluxing apparatus {kerostalsis}. Alchemists hoped to find 

gentle universal solvent {alkahest}. 

 



navigation chart 

inventor 

Europe 

1270 

navigation chart [1270] 

Explorers mapped coastlines {navigation chart}. 

 

Nasir-Eddin or Nasireddin or Nasir Tusi [Tusi, Nasir] or Abu Jafar Muhammad Ibn Muhammad Ibn al-Hasan 

Nasir al-Din al-Tusi [al-Tusi, Abu Jafar Muhammad Ibn Muhammad Ibn al-Hasan Nasir al-Din] or Nasir al-

Din al-Tusi [al-Tusi, Nasir al-Din] 

mathematician 

Alamut, Persia 

1272 

Ilkhanic Tables [1272] 

He lived 1201 to 1274 and used tangent and secant. He invented devices to resolve linear motion into sum of two 

circular motions {Tusi-couple, Nasir-Eddin}. 

 

verge and foliot 

inventor 

Bedfordshire, England 

1283 

mechanical clock with verge and foliot escapement [1283] 

First escapement {verge and foliot escapement} and mechanical clock began. 

 

spectacles 

inventor 

Italy 

1290 

spectacles [1290] 

Lens grinding {spectacles} began just before. 

 

astronomical clock 

inventor 

Strasbourg, France 

1352 to 1354 

astronomical clock [1352 to 1354] 

Clocks {astronomical clock} had ornamental figures. 

 

Madhava of Sangamagramma 

mathematician 

Kerala, India 

1380 to 1410 

Rig-veda comments [1380 to 1410] 

He lived 1350 to 1425, founded Kerala School of mathematics, developed infinite series, and started mathematical 

analysis. 

 

Yongle Dadian 

encyclopedia 

China 

1403 to 1409 

encyclopedia [1403 to 1409] 

Encyclopedia had 20,000 chapters. 

 

Jamshid al-Kashi [al-Kashi, Jamshid] 

mathematician 

Samarkand, Kazakhstan 



1407 to 1427 

Stairway of Heaven [1407]; Compendium of the Science of Astronomy [1411]; Key to Arithmetic [1427] 

He lived 1390 to 1450 and used base-ten number system, decimals, and negative powers. 

 

Johannes Gutenberg [Gutenberg, Johannes] 

inventor 

Germany 

1456 

movable type [1456] 

He lived 1398 to 1468 and printed Mazarin Bible or Gutenberg Bible [1456], using transferable letters {movable type} 

on printing presses. 

 

toothbrush 

inventor 

China 

1498 

toothbrush [1498] 

bristle brush {toothbrush}. 

 

biology in history 

biologist 

Earth 

1500 to 2007 

Biology includes anatomy, botany, cell biology, genetics, nutrition, physiology, and zoology. 

 

Peter Henlein [Henlein, Peter] 

inventor 

Nuremberg, Germany 

1510 

spring-powered clock [1510] 

He lived 1480 to 1542 {spring-powered clock}. 

 

Girolamo Cardano [Cardano, Girolamo] or Gerolamo Cardano [Cardano, Gerolamo] 

mathematician/physician/inventor 

Milan, Italy 

1524 to 1545 

Book of Games of Chance [1524]; Practice of Arithmetic and Simple Mensuration [1540]; Great Arts [1545]; universal 

joint or cardan shaft [1545]; combination lock 

He lived 1501 to 1576 and found general-cubic-equation and general-quartic-equation solutions. He studied negative-

number square roots and essentially discovered complex numbers, finding complex-number roots of x + y = 10 and x*y 

= 40. Cubic equation can be x^3 = p*x + q, where p and q can be zero, positive, or negative. Cubic equation can have 

up to three roots, all real numbers. If there are three roots {casus irreducibilis}, intermediate steps to solution can 

require complex numbers. He also studied game probability and began probability theory. 

#*********  Politics 

Culture and politics relate, as actual states and history show. 

 

Jacob the Czech of Prague 

inventor 

Prague, Czech Republic 

1525 

fusee [1525] 

Conical devices {fusee} can keep constant tension in clock springs. 

 

Paracelsus or Philippus Aureolus [Aureolus, Philippus] 

alchemist 

Innsbruck, Austria 



1536 

Great Surgery Book [1536] 

He lived 1493 to 1541. He searched for substance {philosopher's stone, Paracelsus} that can control nature by 

strengthening essence of universe in all things. To mercury and sulfur, he added salt, for body, to have three primary 

substances {tria prima}. 

 

Nicolo Tartaglia [Tartaglia, Nicolo] 

mathematician 

Venice, Italy 

1537 to 1546 

New Sciences [1537]; New Problems and Inventions [1546] 

He lived 1499 to 1557 and found general solution to cubic equation. 

 

Lodovico Ferrari [Ferrari, Lodovico] 

mathematician 

Italy 

1542 

He lived 1522 to 1565 and found general solution to quartic equation [1542]. 

 

Nicholas Copernicus [Copernicus, Nicholas] 

astronomer 

Poland 

1543 

On the Revolutions of the Celestial Orbs [1543] 

He lived 1473 to 1543 and invented heliocentric theory of solar system. 

 

Andreas Vesalius [Vesalius, Andreas] 

biologist 

Flanders/Basel, Switzerland 

1543 

On the Structure of the Human Body [1543] 

He lived 1514 to 1564 and studied animal and human anatomy. 

 

Chrétien Herlin [Herlin, Chrétien]/Conrad Dasypodius [Dasypodius, Conrad] 

inventor 

Strasbourg, France 

1547 to 1574 

astronomical clock [1547 to 1574: clock with escapement and moving figures] 

Dasypodius lived 1532 to 1604. 

 

graphite 

inventor 

England 

1564 

graphite discovered [1564] 

Carbon particles {graphite} can be fine and smooth. 

 

pencil invented 

inventor 

England 

1564 

graphite pencil or black lead pencil [1564] 

Writing utensils {pencil, graphite} had graphite mixed with clay. 

 

François Vieta [Vieta, François] 

mathematician 



Paris, France 

1579 

Mathematical Canon [1579] 

He lived 1540 to 1603 and invented sine law, cosine law, and Napier's rule. 

 

Cornelius Corneliszoon [Corneliszoon, Cornelius] 

inventor 

Netherlands 

1580 to 1600 

sawmill [1580 to 1600]; pitman [1580 to 1600] 

He lived 1550 to 1600 and invented pitman to convert rotary motion into back-and-forth motion. 

 

Simon Stevin [Stevin, Simon] 

mathematician 

Bruges, Belgium 

1585 

Art of Tenths [1585] 

He lived 1548 to 1620 and used decimal fractions and force parallelograms. 

 

Simon Stevinus [Stevinus, Simon] 

mathematician 

Netherlands 

1585 

Decimal Numbers [1585] 

He lived 1548 to 1620. He invented decimal numbers and fractions, and so real numbers [1585]. 

 

Thomas Harriott [Harriott, Thomas] 

mathematician 

England 

1588 

Brief and True Report of the New Found Land of Virginia [1588: close-packing] 

He lived 1560 to 1621, used modern algebra notation, and studied trajectories. He invented refraction law. 

 

William Lee [Lee, William] 

inventor 

England 

1589 

knitting machine [1589] 

He lived 1550 to 1610 {knitting machine}. 

 

John Napier [Napier, John] 

mathematician 

Edinburgh, Scotland 

1594 to 1617 

Description of the Wonderful Canon of Logarithms [1614]; Using Sticks for Calculation of Products [1617: about 

Napier's Rods or Napier's Bones] 

He lived 1550 to 1617, used decimal point [1594], and studied logarithms. 

 

Zacharias Janssen [Janssen, Zacharias] 

physicist 

Netherlands 

1595 

compound microscope [1595] 

He lived 1580 to 1638. With his father, he helped invent compound microscopes and used them. 

 

Johannes Kepler [Kepler, Johannes] 



astronomer 

Tübingen, Poland/Prague, Czech Republic 

1596 to 1627 

Cosmographic Mystery [1596]; Dream or Astronomy of the Moon [1611]; Harmony of the Universe [1619]; 

Rudolphian Tables [1627] 

He lived 1571 to 1630 and invented planetary-motion laws (Kepler's laws). Kepler's first law [1609] is planets move in 

elliptical orbits around Sun, with Sun at one ellipse focus. Kepler's second law [1609] is planets sweep out equal ellipse 

areas in equal times. Kepler's third law is planet period squared is proportional to average distance from Sun cubed. 

 

Andreas Libavius [Libavius, Andreas] 

chemist 

Jena, Germany 

1597 

Alchemy [1597] 

He lived 1540 to 1616. 

 

Tycho Brahe [Brahe, Tycho] 

astronomer 

Denmark/Hamburg, Germany 

1598 

Mechanical Instruments of Astronomy [1598] 

He lived 1546 to 1601 and accurately recorded star and planet positions. 

 

William Gilbert [Gilbert, William] 

physicist 

England 

1600 

Magnet [1600] 

He lived 1544 to 1603 and studied static electricity and magnetism. 

 

Galileo Galilei 

mathematician/physicist/astronomer/inventor 

Italy 

1610 to 1638 

Sidereal Messenger or Starry Messenger [1619]; Dialogue Concerning the Two Great World Systems [1632]; On Two 

New Sciences or Dialogues Concerning Two New Sciences [1638]; pendulum clock; compound microscope [1610] 

He lived 1564 to 1642 and invented {pendulum clock} {compound microscope}. 

He established pendulum isochronism. He noted constant gravity acceleration: heavy weights and light weights fall 

with same acceleration. He invented force parallelogram and found motion laws. He developed the idea of Permanence 

of Form. 

He found that integers have one-to-one correspondence with squares and found curve areas and volumes. 

He perfected refracting telescopes, invented in Netherlands [1608]. 

He described Jupiter moons [1610], Moon craters and mountains, sunspots [1613], Venus phases, and Milky-Way-

galaxy stars. He described how Earth moved around Sun. He used curve lengths and areas in astronomy. 

He saw the seven photoreceptors in compound-eye optical elements. 

#*********  Epistemology 

Physical laws are the same whether one is standing still or moving. Knowledge is about mathematical motion laws and 

motion relations, not about Forms or Being. Mathematics and measurement are for mechanics and experiments, not just 

for formal geometry and number theory. Experiments must simplify situation to allow measurement. Measurements 

suggest best-fitting mathematical formula, hypothesis to which later data can fit. 

#*********  Metaphysics 

In impacts, causes and effects are motion exchanges, not essence transfers and not Form acting on matter, and apply 

only to object states and motions. Material actions are object movements, with no supernatural or spiritual causes and 

no teleology. 

 

Willebrord Snell [Snell, Willebrord] 



physicist 

Leyden, Netherlands 

1621 

Eratosthenes Batavus [1617: on triangulation of Earth. Eratosthenes measured Earth diameter. Batavus is last name of 

Orange dynasty of Holland and is region around Leyden.]; Tiphys Batavus [1621: on navigation. Tiphys was pilot of 

the Argo] 

He lived 1580 to 1626, first discussed loxodrome paths on sphere that make constant angles with meridians, and 

invented Snell's law [1621]. 

 

Johann Baptista van Helmont [van Helmont, Johann Baptista] 

biologist 

London, England 

1622 to 1644 

On the development of medicine [1622]; Physic Refined [1648: translated into English in 1662] 

He lived 1577 to 1644. Plants make organic materials and do not get them from soil, which stays same weight while 

plant grows. 

 

Johann Rudolf Glauber [Glauber, Johann Rudolf] 

chemist 

Germany/Netherlands 

1625 

He lived 1604 to 1668 and formed sodium sulfate [1625]. 

 

William Harvey [Harvey, William] 

doctor 

England 

1628 

Anatomical Study of the Motion of the Heart and of the Blood in Animals [1628] 

He lived 1578 to 1657 and studied embryology. Blood flows through blood vessels from and to heart. 

 

Pierre de Fermat [Fermat, Pierre de] 

mathematician 

France 

1629 to 1640 

He lived 1601 to 1665, invented Fermat's minor theorem and Fermat's last theorem [1640], and studied differential 

calculus, maxima/minima in war and astronomy [1629], curve and surface tangents and normals in optics and motion, 

and infinite-descent method. 

 

Bonaventura Cavalieri [Cavalieri, Bonaventura] 

mathematician 

Bologna, Italy 

1629 to 1647 

Geometry of Indivisibles [1635]; Geometric Exercises [1647] 

He lived 1598 to 1647, invented Cavalieri's theorem, and studied indivisibles method [1629]. 

 

Girard Desargues [Desargues, Girard] 

mathematician 

France 

1639 

Rough draft for an essay on the results of taking plane sections of a cone [1639] 

He lived 1591 to 1661, invented Desargue's theorem, and studied projective geometry, involution, harmonic point sets, 

and poles and polar theory. 

 

Evangelista Torricelli [Torricelli, Evangelista] 

mathematician/philosopher 

Florence, Italy 



1641 to 1644 

Geometric Works [1644] 

He lived [1608 to 1647] and invented Torricelli's theorem [1641]. Nature does not abhor vacuum. 

 

Blaise Pascal [Pascal, Blaise] 

mathematician/philosopher/inventor 

France 

1642 to 1670 

Thoughts [1670]; Provincial Letters; calculating machine [1642] 

He lived 1623 to 1662, was Cartesian and Jansenist, and invented first metal-tooth wheeled calculating machine [1642]. 

He invented hydraulic press to multiply force, syringe, Pascal's principle, Pascal's theorem, Pascal's triangle, 

mathematical induction, fundamental enumeration principle, binomial theorem, large-numbers law, and conditional-

probability law. 

At mechanical equilibrium, with only gravity acting, liquid has hydrostatic pressure {Pascal's law}. 

#*********  Epistemology 

People can neither reject reasoning nor say there is only reasoning. Reason cannot deal with ultimate metaphysical 

problems. Faith is necessary complement to reason. Expected value of believing in God is more than value of non-

belief {Pascal's wager}. 

#*********  Metaphysics 

God exists because man is helpless without God. 

 

John Wallis [Wallis, John] 

mathematician 

England 

1655 

He lived 1616 to 1703, studied cryptography, and invented expressions for pi [1655]. 

 

Christiaan Huygens [Huygens, Christiaan] 

astronomer/mathematician/physicist/inventor 

Netherlands 

1656 to 1675 

pendulum clock [1656]; spiral balance spring for clocks [1675] 

He lived 1629 to 1695 and saw Venus clouds, Saturn rings, and Jupiter red spot. He invented a light-wave theory using 

Huygen's principle and contributed to calculus. He improved clocks {spiral balance spring}. 

 

Robert Hooke [Hooke, Robert] 

biologist/physicist/inventor 

England 

1657 to 1665 

anchor escapement for clocks [1657]; Micrographs [1665] 

He lived 1635 to 1703, invented Hooke's law [1660], and observed cork cells under microscope [1663]. He invented 

universal joint, iris diaphragm, anchor escapement {anchor escapement}, and balance spring [1660]. 

 

Thomas Syndenham [Syndenham, Thomas] 

physician 

Londin, England 

1660 to 1682 

Epistolary Dissertation to Dr. Cole [1682]; On Hysteria [1682] 

He lived 1624 to 1689 and described diseases accurately. Hysteria in women and hypochondrias in men are similar. 

Hysterical symptoms often accompany depression. He invented opium tincture {laudanum, Syndenham} [1660]. 

 

Robert Boyle [Boyle, Robert] 

chemist/physicist 

London, England 

1661 

Sceptical Chymist [1661] 



He lived 1627 to 1691, invented Boyle's law, and found elements. 

 

Marcello Malpighi [Malpighi, Marcello] 

biologist 

Bologna, Italy 

1666 to 1671 

On Visceral Structure [1666]; Plant Anatomy [1671] 

He lived 1628 to 1694, observed plant and animal tissues under microscope, and started embryology and histology. 

 

Isaac Newton [Newton, Isaac] 

physicist/mathematician 

England 

1666 to 1704 

Principia [1671 and 1687]; Universal Arithmetic [1680]; Opticks or Optics [1704] 

He lived 1642 to 1727 and developed gravity and force laws [1687]. He stated three motion laws and universal-

gravitation law. 

He invented a light-particle theory and used prisms to separate sunlight into different-color rays. Colors bend by 

different amounts, but rays cannot further separate or bend [1666]. 

He invented dy/dx differentiation, infinitesimal calculus, prime-ratio method, ultimate-ratio method, infinite series, 

fundamental theorem of calculus, differentiation, limits, and limit theorem. He studied polar and bipolar coordinates 

and invariance under transformation. He invented Newton's parallelogram, Newton's root-finding method, and physical 

"action". 

For one dimension, shear stress F equals shear viscosity µ times derivative of horizontal velocity v with orthogonal 

coordinate y {linear constitutive relation}: F = µ * dv / dy. This law relates stress to strain rate and usually has three 

dimensions. This relation leads to the later Navier-Stokes equations. 

#*********  Epistemology 

Spinning discs with varying-area colored segments can make new colors. Average star mass provides absolute 

reference for accelerated motion, including rotational motion. Water in spinning buckets is concave, because it rotates 

with respect to universe and not with respect to bucket {bucket argument, Newton}. 

"Hypotheses non fingo" or "I feign no hypotheses (about the causes of gravity)" is a phrase in the General Scholium 

essay of the Principia, 2nd edition [1713]. 

 

Francesco Redi [Redi, Francesco] 

biologist 

Italy 

1668 

He lived 1626 to 1697 and proved spontaneous generation does not happen, by showing that maggots did not come 

from meat [1668]. 

 

James Gregory [Gregory, James] 

mathematician/astronomer 

Scotland 

1671 

He lived 1638 to 1675 and invented expressions for pi [1671]. 

 

Nicolas Cassegrain [Cassegrain, Nicolas] 

astronomer/inventor 

France 

1672 

reflector telescope [1672] 

He lived 1625 to 1712 and invented two-mirror reflector telescope. 

 

Takakazu Seki [Seki, Takakazu] or Kowa Seki [Seki, Kowa] or Seki Kowa [Seki, Kowa] 

mathematician 

Edo (Tokyo), Japan 

1674 to 1683 



Mathematical Methods for Finding Details [1674] 

He lived 1642 to 1708, invented calculus, and used determinants [1683]. Japanese temple geometry flourished at this 

time. 

 

Anton Leeuwenhoek [Leeuwenhoek, Anton] 

biologist 

Delft, Netherlands 

1674 to 1716 

Letter to Leibniz [1716] 

He lived 1632 to 1723 and observed bacteria [1674], yeast, protozoa, sperm, and capillary blood corpuscles under 

microscope. 

 

Denis Papin [Papin, Denis] 

inventor 

London, England 

1680 to 1707 

steam pressure cooker [1680: with safety valve]; steam piston engine [1690]; New Method of Obtaining Very Great 

Moving Powers at Small Cost [1690]; New Art of Pumping Water by using Steam [1707] 

He lived 1647 to 1712 {steam pressure cooker}. 

 

Edmund Halley [Halley, Edmund] 

astronomer 

England 

1682 

He lived 1656 to 1742 and discovered Halley's comet [1682]. 

 

Jacob Bernoulli [Bernoulli, Jacob] 

mathematician 

Basel, Switzerland 

1686 

Art of Conjecturing [1686] 

He lived 1654 to 1705 and studied calculus of variations, variable separation, lemniscate curve, differential equations, 

and inflection points. He invented Bernoulli's theorem and Bernoulli equation. If event can have two outcomes, each 

with probability, after many independent events, relative frequency approaches probability {weak law of large 

numbers, Bernoulli}. Perhaps, probabilities are inferable from frequencies. 

 

Johann Bernoulli [Bernoulli, Johann] 

mathematician 

Basel, Switzerland 

1691 

He lived 1667 to 1748 and studied series, arithmetic series, geometric series, differential equations [1691], astroid 

[1691], curvature radius, Bernoulli numbers, and curve rectification. Wire shape allows bead to slide from one end to 

the other in shortest possible time {brachistochrone, Bernoulli} [1696]. 

 

Michel Rolle [Rolle, Michel] 

mathematician 

France 

1691 

He lived 1652 to 1719 and invented Rolle's theorem [1691]. 

 

Guillaume de l'Hôpital [l'Hôpital, Guillaume de] 

mathematician 

Paris, France 

1696 

Analysis of the Infinitely Small by Understanding Curved Lines [1696] 

He lived 1661 to 1704 and studied series and invented L'Hospital's rules. 



 

Thomas Savery [Savery, Thomas] 

inventor 

England 

1698 

steam engine [1698] 

He lived 1650 to 1715. 

 

canal lock 

inventor 

Europe 

1700 

canal lock [1700] 

If two waterways are at different heights, enclosed structures {canal lock} can fill or empty, to transfer boats. 

 

John Jones [Jones, John] 

physician 

London, England 

1700 

Mysteries of Opium Reveal'd [1700] 

He studied opium effects. 

 

ship design 

inventor 

Europe 

1700 

ship design [1700] 

Ships {ship design} became more seaworthy. 

 

Norfolk crop rotation 

inventor 

England 

1700 to 1800 

Norfolk crop rotation [1700 to 1800] 

Crop rotation {Norfolk crop rotation} can plant different foods on different fields each year, to preserve soil. 

 

Jethro Tull [Tull, Jethro] 

inventor 

England 

1701 

horse-drawn hoe with seed drill [1701] 

He lived 1674 to 1741 {hoe with seed drill}. 

 

Johann Becher [Becher, Johann] 

chemist 

Germany 

1702 

He lived 1635 to 1682 and invented a heat theory [1702], in which heat is a substance {phlogiston} {caloric fluid}. 

 

Georg Stahl [Stahl, Georg] 

chemist 

Germany 

1702 

He lived 1660 to 1734 and invented a heat theory [1702], in which heat is a substance {phlogiston, Stahl} {caloric 

fluid, Stahl}. 

 



Abraham Darby [Darby, Abraham] 

inventor 

England 

1708 to 1709 

iron smelting with coke [1708 to 1709] 

He lived 1677 to 1717 {iron smelting with coke}. Previously, smelting used charcoal. 

 

Thomas Newcomen [Newcomen, Thomas] 

inventor 

England 

1712 

steam engine [1712] 

He lived 1663 to 1729. 

 

William Cheselden [Cheselden, William] 

surgeon/inventor 

Britain 

1713 to 1723 

Anatomy of the Human Body [1713]; Anatomy of Bones [1733: human skeleton]; Treatise on the High Operation for 

the Stone [1723: kidney stone removal] 

He lived 1688 to 1752, developed artificial pupil, and removed kidney stones {kidney stone removal} and cataracts. 

 

Gabriel Daniel Fahrenheit [Fahrenheit, Gabriel Daniel] 

physicist 

Poland/Netherlands 

1714 

He lived 1686 to 1736 and invented Fahrenheit thermometer [1714]. 

 

George Graham [Graham, George] 

inventor 

England 

1715 

deadbeat escapement for clocks [1715] 

He lived 1674 to 1751 {deadbeat escapement}. 

 

Brook Taylor [Taylor, Brook] 

mathematician 

London, England 

1715 

Direct and Inverse Methods of Increments [1715]; Linear Perspective [1715] 

He lived 1685 to 1731 and invented Taylor series and Taylor's theorem. 

 

Abraham de Moivre [Moivre, Abraham de] 

mathematician 

France/England 

1718 to 1722 

Doctrine of Chances [1718] 

He lived 1667 to 1754 and invented DeMoivre's theorem [1722]. 

 

Colin Maclaurin [Maclaurin, Colin] 

mathematician 

London, England 

1720 to 1742 

Organic Geometry [1720]; Treatise of Fluxions [1742] 

He lived 1698 to 1746, invented Maclaurin series, and used determinants method to solve linear equations [1726 to 

1729]. 



 

John Flamsteed [Flamsteed, John] 

astronomer 

London, England 

1729 

Celestial Atlas [1729] 

He lived 1646 to 1719 and found 300 star positions. 

 

Stephen Gray [Gray, Stephen] 

physicist 

England 

1729 to 1732 

He lived 1666 to 1736 and studied electrical conductors and insulators [1729 to 1732]. 

 

Charles Townshend, 2nd Viscount [Townshend, 2nd Viscount, Charles] 

inventor 

England 

1730 to 1738 

crop rotation [1730 to 1738] 

He lived 1674 to 1738. Crop rotation rotated clover, wheat, turnips, and barley. 

 

Alexis-Claude Clairaut [Clairaut, Alexis-Claude] 

mathematician 

Paris, France 

1731 to 1752 

Theory of the Shape of the Earth [1743]; Theory of the Moon [1752] 

He lived 1713 to 1765, studied space curves [1731], invented Clairaut's equation, and determined Earth's shape. 

 

Benjamin Franklin [Franklin, Benjamin] 

inventor/statesman 

USA 

1732 to 1790 

Poor Richard's Almanac [1732 to 1757: maxims and practical advice]; lightning rod [1752]; Franklin stove [1757]; 

bifocals [1760]; Autobiography [1790] 

He lived 1706 to 1790 and helped found University of Pennsylvania [1751]. He found that lightning is electric, using 

kite and key [1752]. 

 

John Kay [Kay, John] 

inventor 

England 

1733 

flying shuttle [1733: for looms] 

He lived 1704 to 1780 {flying shuttle}. 

 

Daniel Bernoulli [Bernoulli, Daniel] 

mathematician 

Basel, Switzerland 

1734 

Hydrodynamics [1734] 

He lived 1700 to 1782. He solved differential equations by isolating variables. He developed cylindrical and spherical 

wave equations to represent organ-pipe sounds. He invented vibrating string equation. He studied hydrodynamics and 

invented Bernoulli's law [1734]. 

 

Carolus Linnaeus [Linnaeus, Carolus] or Carl von Linné [Linné, Carl von] 

biologist 

Sweden/Amsterdam, Netherlands 



1735 

System of Nature [1735] 

He lived 1707 to 1778, classified plants and animals by structures, and named organisms as genus and species 

{binomial nomenclature, Linnaeus}. 

 

Thomas Bayes [Bayes, Thomas] 

mathematician 

London, England 

1736 to 1761 

Introduction to the Doctrine of Fluxions, and a Defence of the Mathematicians Against the Objections of the Author of 

The Analyst [1736] 

He lived 1702 to 1761. Expected outcome is worth or gain multiplied by probability. Risk is expected-outcome divided 

by outcome value {Bayesian theory} [1761]. 

#*********  Epistemology 

Census, experimental, or statistical data can determine expected outcomes and find hypothesis probability {Bayesian 

confirmation theory}. Before evaluating new data, people already have beliefs about hypothesis risk and expected 

outcome. They know what they expect data to be if hypothesis is correct and what data happen no matter whether 

hypothesis is true or false. 

 

Charles DuFay [DuFay, Charles] 

physicist 

France 

1737 

electric charge 

He lived 1698 to 1739 and studied positive and negative electric charge transfers, calling them vitreous and resinous 

[1737]. 

 

John Harrison [Harrison, John] 

inventor 

England 

1737 to 1761 

marine chronometer to determine longitude at sea [1737 to 1761] 

He lived 1693 to 1776 {marine chronometer}. 

 

Emilie de Breteuil [Breteuil, Emilie de] or Marquise du Châtelet [Châtelet, Marquise du] 

physicist 

France 

1740 

Institutions of Physics [1740] 

She lived 1706 to 1749 and translated Newton's Principia into French. 

 

Kentucky rifle 

inventor 

Lancaster, Pennsylvania 

1740 to 1750 

Kentucky rifle or long rifle [1740 to 1750] 

German gunsmiths invented it. Rifles {Kentucky rifle} can have barrels longer than one meter. 

 

Anders Celsius [Celsius, Anders] 

physicist 

Sweden 

1742 

Celsius thermometer 

He lived 1701 to 1744 and invented centigrade or Celsius thermometer [1742]. 

 

Christian Goldbach [Goldbach, Christian] 



mathematician 

Germany 

1742 

He lived 1690 to 1764. All even integers greater than 2 are sums of two primes {Goldbach's hypothesis, Goldbach} 

[1742]. 

 

Abraham Trembley [Trembley, Abraham] 

naturalist 

Switzerland/Netherlands 

1744 

Memoirs concerning the natural history of a type of Freshwater Polyp [1744] 

He lived 1710 to 1784 and related hydra and jellyfish. Hydra and jellyfish parts can move and bud. 

 

Pierre-Louis Moreau de Maupertuis [Maupertuis, Pierre-Louis Moreau de] 

mathematician 

France 

1744 to 1746 

He lived 1698 to 1759 and developed dynamics maximizing-minimizing principle (principle of least action or least-

action principle or principle of stationary action or stationary-action principle). 

 

Thomas Simpson [Simpson, Thomas] 

mathematician 

London, England 

1745 

Algebra [1745] 

He lived 1710 to 1761 and invented Simpson's rule. 

 

Julien Offray de La Mettrie [La Mettrie, Julien Offray de] 

philosopher/surgeon 

France 

1745 to 1748 

Natural History of the Soul [1745]; Man the Machine [1748] 

He lived 1709 to 1751, was materialist, and was Boerhaave's student. Cells have intrinsic motion. Human and animal 

brains are similar. 

 

sugar beet sugar 

inventor 

Prussia 

1747 

sugar beet sugar [1747] 

Sugar beets {sugar beet, sugar} were cheaper and replaced honey for sweetening. 

 

Maria Gaetana Agnesi [Agnesi, Maria Gaetana] 

mathematician 

Bologna, Italy 

1748 

Analytic Institutions for Use by Italian Youth [1748 to 1749] 

She lived 1718 to 1799 and published discussion of cubic witch of Agnesi curve [1948]. 

 

Leonhard Euler [Euler, Leonhard] 

mathematician 

Basel, Switzerland 

1748 to 1770 

Introduction to Infinite Analysis [1748]; Institutes of Integral Calculus [1770]; Institutes of Differential Calculus [1770] 

He lived 1707 to 1783 and invented Euler's formula, Euler number, and Euler constant. He studied incompressible non-

rotating non-viscous fluid flows {potential flow}. He studied non-homogeneous nth order differential equations, 



partial-fractions method, explicit and implicit functions, networks, harmonic and divergent series, hypergeometric 

functions, natural logarithms, partial derivatives, multiple integrals, calculus of variations, finite-differences method, 

and gamma and beta functions. 

First-order equations can be exact differentials. Newton's laws can depend on a maximizing-minimizing principle 

{principle of stationary action} {stationary action principle} {Euler-Lagrange equations}. 

 

Gabriel Cramer [Cramer, Gabriel] 

mathematician 

Geneva, Switzerland 

1749 

Introduction to the analysis of algebraic curved lines [1749] 

He lived 1704 to 1752 and invented Cramer's rule. 

 

European 1750 

mathematician 

Europe 

1750 

European mathematicians used induction, generalization, agreement method, difference method, analogy, and causal 

generalization. 

 

James Brindley [Brindley, James] 

inventor 

England 

1752 to 1758 

water wheel [1752]; flint mill [1756]; steam-engine boiler [1758] 

He lived 1716 to 1772. 

 

Joseph Black [Black, Joseph] 

chemist 

England 

1754 to 1763 

He lived 1728 to 1799 and discovered carbon dioxide [1754] and latent heat [1759 to 1763]. 

 

Jedediah Strutt [Strutt, Jedediah] 

inventor 

England 

1758 

rib knit knitting machine [1758] 

He lived 1726 to 1797 {rib knit knitting machine}. 

 

Robert Bakewell [Bakewell, Robert] 

inventor 

England 

1760 to 1790 

selective animal breeding [1760 to 1790] 

He lived 1725 to 1795. 

 

veterinary 

school 

Lyon, France 

1762 

veterinary school [1762] 

First animal-care school {veterinary school} began. 

 

James Hargreaves [Hargreaves, James] 

inventor 



England 

1764 

spinning jenny [1764] 

He lived 1720 to 1778. Spinning jenny spun four threads simultaneously, and spun 120 threads soon after. 

 

James Watt [Watt, James] 

inventor 

Scotland 

1765 

governor [1765] 

He lived 1736 to 1819. Devices {governor, engine} can regulate steam-engine rotation velocity [1765]. Steam engines 

pumped water out of mines and increased coal production greatly. 

 

Joseph Priestley [Priestley, Joseph] 

chemist 

England 

1768 to 1793 

Essay on the First Principles of Government [1768] 

He lived 1733 to 1804 and discovered ammonia, carbon dioxide, carbon monoxide, nitrogen, nitrous oxide [1793], 

oxygen, and sulfur dioxide. For the greatest happiness of the greatest number, ruler and ruled interests must integrate, 

by forcing rulers to depend on ruled to stay in power. 

 

Gaspard Monge [Monge, Gaspard] 

mathematician 

Paris, France 

1768 to 1800 

Descriptive Geometry [1800] 

He lived 1746 to 1818, studied developable surfaces, rediscovered projective geometry [1768], and was the "father of 

descriptive geometry". 

 

Richard Arkwright [Arkwright, Richard] 

inventor 

England 

1769 

water frame [1769] 

He lived 1732 to 1792 and owned large cotton mills with spinning and weaving machines. Machines {water frame} 

spun pure cotton, with no added flax. 

 

Alexandre-Theophile Vandermonde [Vandermonde, Alexandre-Theophile] 

mathematician 

Alsace 

1771 

Memoir of equation solving [1771]; Remarks on the problems of position [1771: about knots] 

He lived 1735 to 1796 and invented determinant minor. 

 

Charles Messier [Messier, Charles] 

astronomer 

Paris, France 

1771 to 1784 

Catalog of Nebulae and Star Clusters [1771 to 1784] 

He lived 1730 to 1817 and published a star catalog [1771 to 1784]. 

 

Joseph Louis Lagrange [Lagrange, Joseph Louis] 

mathematician 

Paris, France/Italy 

1771 to 1811 



Turin Miscellany [1771]; Analytical Mechanics [1788 and 1811] 

He lived 1736 to 1813 and studied calculus of variations, mean-value theorem, spherical coordinates, solution 

envelopes, adjoint equations, finite-differences method, and perturbation methods. He solved differential-equation 

systems using conic-section deviations. Newton's laws can depend on principle of stationary action in Euler-Lagrange 

equations. Natural numbers are sums of four natural-number squares. 

 

Jean Le Rond d'Alembert [d'Alembert, Jean Le Rond] 

mathematician 

Paris, France 

1772 

Preliminary Discourse to the Encyclopedia [1772] 

He lived 1717 to 1783 and studied differential equations and multiple integrals and invented d'Alembert's test. He 

found that Newton's 3rd law applies to free bodies {d'Alembert's principle}. 

 

William Herschel [Herschel, William] 

astronomer/chemist 

London, England 

1773 to 1781 

Catalogue of One Thousand New Nebulae and Clusters of Stars [1782 to 1802] 

He lived 1738 to 1822, studied infrared light [1773 to 1781], first saw Uranus [1781], and published a star catalog 

[1782 to 1802]. Solar system is moving through space [1783]. 

 

Samuel Crompton [Crompton, Samuel] 

inventor 

England 

1775 

spinning mule [1775] 

He lived 1753 to 1827. Machines {spinning mule} had a spinning-jenny moving carriage and water-frame rollers, to 

spin fine threads. 

 

Johann Kaspar Lavater [Lavater, Johann Kaspar] 

biologist 

Zurich, Switzerland 

1775 to 1778 

Physiognomy Fragment [1775 to 1778] 

He lived 1741 to 1801. 

 

blast furnace 

inventor 

Birmingham, England 

1776 

blast furnace using steam power [1776] 

Furnaces {blast furnace} can smelt iron and make steel. 

 

Antoine Lavoisier [Lavoisier, Antoine] 

chemist 

Paris, France 

1778 to 1789 

General Considerations on the Nature of Acids [1778]; Reflections on Phlogistics [1783]; Methods of Chemical 

Nomenclature [1787]; Elementary Treatise of Chemistry [1789] 

He lived 1743 to 1794, invented definite-proportions law {constant-composition law}, and noted mass conservation. 

 

Jean-Baptiste de Lamarck [Lamarck, Jean-Baptiste de] 

anatomist 

Paris, France 

1778 to 1822 



French Flora [1778]; Animal Philosophy [1809]; Natural History of the Invertebrates [1815 to 1822] 

He lived 1744 to 1829 and studied invertebrate paleontology and invertebrate classification. Environment forces 

animals to acquire new characteristics through learning. What individual experience learns, offspring can inherit 

{Lamarckianism, Lamarck}. However, Lamarckianism is only true for minor specialized cellular transmittance. 

 

Abraham Darby III [Darby III, Abraham] 

inventor 

England 

1779 

Iron Bridge Coalbrookdale [1779: cast iron bridge] 

He lived 1750 to 1791 {iron bridge}. 

 

Edmund Cartwright [Cartwright, Edmund] 

inventor 

England 

1779 to 1785 

yeast treatment for putrid fever [1779]; power loom for weaving [1785] 

He lived 1743 to 1823 {power loom}. 

 

Luigi Galvani [Galvani, Luigi] 

physiologist 

Italy 

1780 

He lived 1737 to 1798 and observed frog muscles twitch when touched by electrified wires {galvanic stimulation} 

[1780]. 

 

Pierre-Simon de Laplace [Laplace, Pierre-Simon de] 

mathematician 

Paris, France 

1780 

Mémoire sur la probabilité des causes par les événements or Memoir on the probability of events [1774]; Théorie du 

mouvement et de la figure elliptique des planètes or Theory of movement of planet elliptical orbits [1776]; Mécanique 

céleste or Celestial Mechanics [1780]; Essai philosophique sur les probabilités or Philosophical essay on probabilities 

[1814] 

He lived 1749 to 1827 and studied partial differential equations, Laplace transforms and operators, perturbations 

method, spherical coordinates, finite-differences method, and divergence theorem. 

After proving that planetary elliptical orbits can be stable, he said, "Je n'avais pas besoin de cette hypothèse-là" or "I 

had no need of that hypothesis" when asked by Napoleon why he did not invoke God to explain solar-system stability, 

as Newton had thought necessary because of chaotic conditions (which are there but just small enough). 

#*********  Epistemology 

Given physical laws and particle motions and positions, people can predict everything in the future. 

#*********  Metaphysics 

Solar system formed from spinning gas cloud {nebular hypothesis}. Gravity and motion correct planetary-orbit 

perturbations, rather than causing chaos. 

 

Marquis Claude de Jouffroy d'Abbans [d'Abbans, Marquis Claude de Jouffroy] 

inventor 

France 

1783 

steamboat [1783] 

He lived 1751 to 1832. 

 

Henry Cort [Cort, Henry] or Great Finer 

inventor 

England 

1783 



puddling [1783]; rolling [1783] 

He lived 1740 to 1800. Processes {puddling} can convert brittle pig iron to wrought iron, which is more malleable for 

shaping {rolling}. 

 

Joseph Michel Montgolfier [Montgolfier, Joseph Michel]/Jacques Étienne Montgolfier [Montgolfier, Jacques 

Étienne] 

inventor 

Paris, France 

1783 

hot air balloon [1783] 

Joseph lived 1740 to 1810 {hot air balloon}. Jacques lived 1745 to 1799. 

 

Caroline Herschel [Herschel, Caroline] 

astronomer 

Germany 

1783 to 1797 

She lived 1750 to 1848 and discovered nebulae [1783] and comets [1786 to 1797]. 

 

Charles Augustin de Coulomb [Coulomb, Charles Augustin de] 

physicist/inventor 

France 

1785 

torsion balance 

He lived 1736 to 1806 and invented Coulomb's law [1785]. At fluid boundaries, fluid does not slip {no-slip condition, 

Coulomb}. 

 

plowshare invented 

inventor 

England 

1785 

plowshare of cast iron [1785] 

Share and cutter were cast iron {plowshare, cast iron}. 

 

Henry Cavendish [Cavendish, Henry] 

physicist 

England 

1785 to 1798 

He lived 1731 to 1810 and studied specific heat, discovered hydrogen gas [1785], measured gravity of 10000-gram 

mass [1798], and found Earth mass and density [1798]. 

 

Jacques Charles [Charles, Jacques] 

physicist 

France 

1787 

He lived 1746 to 1823 and invented Charles' law [1787]. 

 

John Wilkinson [Wilkinson, John] 

inventor 

England 

1787 

iron boat [1787] 

He lived 1728 to 1808 {iron boat}. 

 

Thomas Beddoes [Beddoes, Thomas] 

physician 

London, England 



1793 to 1807 

Observations on the Nature of Demonstrative Evidence [1793]; Essay on the Causes, Early Signs and Prevention of 

Pulmonary Consumption [1799]; Essay on Fever [1807]; Hygeia, or Essays Moral and Medical [1807] 

He lived 1760 to 1808 and discovered analgesic effects of nitrous oxide [1798]. 

 

Erasmus Darwin [Darwin, Erasmus] 

physician/scientist 

Britain 

1794 to 1796 

Zoonomia or The Laws of Organic Life [1794 to 1796] 

He lived 1731 to 1802. 

 

Eli Whitney [Whitney, Eli] 

inventor 

Europe/USA 

1794 to 1798 

cotton gin [1794]; interchangeable parts [1798: for muskets] 

He lived 1765 to 1825 {cotton gin}. Honoré Blanc used interchangeable parts for muskets in France [1785]. 

 

Adrien-Marie Legendre [Legendre, Adrien-Marie] 

mathematician 

Paris, France 

1794 to 1830 

Elements of Geometry [1794]; Theory of Numbers [1808]; Exercises in Integral Calculus [1811 to 1830] 

He lived 1752 to 1833, studied number theory and elliptic integrals, and invented Legendre function and Legendre 

differential equation. 

 

Edward Jenner [Jenner, Edward] 

doctor/inventor 

England 

1797 

smallpox vaccine [1797] 

He lived 1749 to 1823 {smallpox vaccine}. 

 

Henry Maudslay [Maudslay, Henry] 

inventor 

England 

1797 

lathe for metal [1797] 

He lived 1771 to 1831 {lathe for metal}. 

 

Charles Newbold [Newbold, Charles] 

inventor 

USA 

1797 

iron plow [1797] 

He lived 1764 to 1835 {iron plow}. 

 

Caspar Wessel [Wessel, Caspar] 

mathematician 

Norway 

1797 

He lived 1745 to 1818 and placed complex numbers on a plane with two perpendicular coordinates. 

 

Decroix 

inventor 



France 

1798 

circular loom [1798] 

Looms {circular loom} can weave socks and shirts with no seams. 

 

Benjamin Thompson [Thompson, Benjamin] or Count Rumford [Rumford, Count] 

physicist 

USA/England 

1798 

He lived 1753 to 1814 and studied heat from work and friction [1798]. 

 

European 1800 

mathematician 

Europe 

1800 

European mathematicians studied populations, statistics, distributions, sampling, correlation, and correlation 

coefficient. 

 

Alessandro Volta [Volta, Alessandro] 

physicist/chemist/inventor 

Italy 

1800 

electrostatic generator; primary cell [1800] 

He lived 1745 to 1827 {electrostatic generator}. 

 

Thomas Young [Young, Thomas] 

physician/physicist/Egyptologist 

Britain 

1801 to 1807 

Course of Lectures on Natural Philosophy and the Mechanical Arts [1807] 

He lived 1773 to 1829, invented Young's modulus, developed light-wave theory, and analyzed light-interference 

patterns [1801]. Prism colors add to make brightness. Different colored-light ratios make all intermediate colors [1801]. 

Eye lens accommodates to different distances by changing anterior surface curvature. Color vision mixes signals from 

three retinal channels. 

 

Karl Friedrich Gauss [Gauss, Karl Friedrich] 

mathematician 

Göttingen, Germany 

1801 to 1827 

Disquisitions on Arithmetic [1801]; General Investigations of Curved Surfaces [1827] 

He lived 1777 to 1855 and studied Earth magnetic field. In statistics, he developed Gaussian distribution {normal 

distribution, Gauss}, variance, standard deviation, mean standard error, least-squares method, and regression. In 

number theory, he worked on analytic number theory, algebraic numbers, complex numbers, hypercomplex numbers, 

Diophantine analysis, and theory of forms. In geometry, he invented seventeen-sided regular polygons, used substitute 

parallel axiom for non-Euclidean geometry, and studied curvature, congruence theory, and Gaussian coordinates. In 

algebra, he invented fundamental theorem of algebra and studied elliptic functions, Gauss characteristic equation, and 

central limit theorem. In vector theory, he worked with dot product and cross product. In physics, he developed 

dynamic equations that minimized quantity and Principle of Least Constraint. 

 

Richard Trevithick [Trevithick, Richard] 

inventor 

England 

1802 to 1812 

high-pressure steam engine carriage [1802]; locomotive [1804]; steam threshing machine [1812] 

He lived 1771 to 1833 {high-pressure steam engine}. 

 



William Henry [Henry, William] 

chemist 

England 

1803 

He lived 1774 to 1836 and found Henry's gas-solubility law [1803]. 

 

Joseph Marie Jacquard [Jacquard, Joseph Marie] 

inventor 

France 

1804 

Jacquard loom [1804] 

He lived 1752 to 1834. Power looms {Jacquard loom} had punched cards to make cloth designs. 

 

Matthew Murray [Murray, Matthew] 

inventor 

Leeds, England 

1804 

steam locomotive on timber rails [1804] 

He lived 1765 to 1826 {steam locomotive}. 

 

Alexander Forsyth [Forsyth, Alexander] 

inventor 

Scotland 

1805 

percussion lock [1805: shooter poured potassium chlorate in bottle into flash pan] 

He lived 1768 to 1843 {percussion lock}. 

 

Jean Robert Argand [Argand, Jean Robert] 

mathematician 

France 

1806 

He lived 1768 to 1822 and placed complex numbers on a plane with two perpendicular coordinates. 

 

Humphrey Davy [Davy, Humphrey] 

chemist 

Britain 

1806 

He lived 1778 to 1829, discovered nitrous oxide exhilarating and anesthetic effects [1806], and split compounds using 

electricity. 

 

Charles Bell [Bell, Charles] 

anatomist/surgeon 

London, England 

1806 to 1833 

Essay on the Anatomy of the Expressions or The Anatomy and Philosophy of Expression as Connected with Fine Arts 

[1806]; Animal Mechanics or Proofs of Design in the Animal Frame [1828]; Nervous System of the Human Body 

[1833]; Hand: its Mechanism and Vital Endowments as evincing Design [1833] 

He lived 1774 to 1842, studied reciprocal innervation and haptic perception, and related muscles to facial expressions. 

Spinal-nerve anterior and posterior roots have separate functions {Bell-Magendie law, Bell}: dorsal root is sensory, and 

ventral root is motor [1822]. 

 

Robert Fulton [Fulton, Robert] 

inventor 

USA 

1807 

steamboat [1807] 



He lived 1765 to 1815 {steamboat}. 

 

Joseph Guy-Lussac [Guy-Lussac, Joseph] 

chemist/physicist 

France 

1808 

He lived 1778 to 1850 and invented law of combining volumes and law of Guy-Lussac [1808]. 

 

John Dalton [Dalton, John] 

chemist/physicist 

England 

1808 to 1827 

New System of Chemical Philosophy [1808] 

He lived 1766 to 1844 and studied atomic theory, compounds, atomic weights, partial-pressure law, and color 

blindness. 

 

Simeon-Denis Poisson [Poisson, Simeon-Denis] 

mathematician 

Paris, France 

1808 to 1837 

On the inequalities of the methods of planet movements [1808]; On the movement of Earth's rotation [1809]; On the 

variation of arbitrary constants in mechanical questions [1809]; Researches in the probability of judgments of criminal 

and civil matters [1837] 

He lived 1781 to 1840 and invented Poisson distribution. 

 

Jöns Jakob Berzelius [Berzelius, Jöns Jakob] 

biologist/physicist 

Stockholm, Sweden 

1808 to 1838 

Chemistry Textbook [1808]; protein discovered [1838] 

He lived 1779 to 1848 and discovered proteins [1838] and studied ions and atomic and molecular weights. He invented 

old chemical symbols [1811] and atomic-weight table [1826]. 

 

tin can 

inventor 

France 

1810 

tin can [1810] 

Sealed metal can store food. 

 

Johann Gaspar Spurzheim [Spurzheim, Johann Gaspar] 

biologist 

Germany 

1810 to 1815 

Anatomy and Physiology of the Nervous System in General [1810 to 1815: first two volumes, with Gall] 

He lived 1776 to 1832 and studied memory storage and retrieval and physiological bases of normal brain function. 

 

Johannes Samuel Pauly [Pauly, Johannes Samuel] 

inventor 

Switzerland 

1810 to 1820 

bullet [1810 to 1820: cartridge has brass head with explosive primer] 

He lived 1766 to 1820 {bullet}. Pin-fire cartridges, with pins, began in France [1830 to 1840]. Center-fire cartridges 

[1860 to 1870] had pin in gun. 

 

Franz Joseph Gall [Gall, Franz Joseph] 



anatomist 

Germany/Paris, France 

1810 to 1825 

Anatomy and Physiology of the Nervous System in General [1810 to 1819: four volumes, first two with Johannes 

Caspar Spurzheim]; On the Functions of the Brain [1822 to 1825: six volumes] 

He lived 1758 to 1828, founded phrenology, and studied brain white matter, gray matter, and ganglia. 

 

Amadeo Avogadro [Avogadro, Amadeo] 

chemist 

Italy 

1811 

He lived 1776 to 1856 and calculated Avogadro's number [1811]. 

 

Joseph von Fraunhofer [Fraunhofer, Joseph von] 

physicist 

Germany 

1812 

He lived 1787 to 1826 and described Fraunhofer lines [1812]. 

 

Gottlieb Sigismund Kirchhoff [Kirchhoff, Gottlieb Sigismund] 

biologist 

Russia 

1812 

He lived 1764 to 1833 and discovered enzymes. Wheat gluten enzyme converts starch to sugar and dextrin [1812]. 

 

David Brewster [Brewster, David] 

physicist/inventor 

Scotland 

1814 to 1816 

kaleidoscope [1816] 

He lived 1781 to 1868 and improved Wheatstone's stereoscope {kaleidoscope, Brewster}. Polarization maximizes 

when polarization angle tangent {Brewster's angle} equals reflecting-medium refractive index {Brewster's law} [1814]. 

 

Augustin-Louis Cauchy [Cauchy, Augustin-Louis] 

mathematician 

Paris, France 

1814 to 1829 

Lessons on Differential Calculus [1829] 

He lived 1789 to 1857, used arithmetic concepts for mathematical analysis, and began complex-variable function 

theory [1814]. He invented Cauchy's principle, Cauchy convergence criterion, and Cauchy integral theorem. He studied 

method of characteristics, theory of content, and spaces. Separating first-order partial-differential-equation variables 

can make ordinary-differential-equation systems. First-order partial differential equation systems can describe elastic-

media properties. 

 

Joshua Shaw [Shaw, Joshua] 

inventor/painter 

England/USA 

1816 

percussion cap [1816: steel nipple replaced flash pan and held copper caps] 

He lived 1776 to 1860 {percussion cap}. 

 

Sophia Germain [Germain, Sophia] or Sophie Germain [Germain, Sophie] 

mathematician 

France 

1816 to 1820 



She lived 1776 to 1831 and studied number theory and elasticity [1816]. For integers x, y, and z, if x^5 + y^5 = z^5, 

then x, y, or z must be divisible by 5 [1820] {Germain's theorem}. 

 

Charles Babbage [Babbage, Charles] 

mathematician/inventor 

London, England 

1816 to 1833 

difference engine designed to compute tables [1816]; Analytical Engine Drawings [1833]; ophthalmoscope; railway 

cowcatcher 

He lived 1792 to 1871 {analytical engine}. 

 

François Magendie [Magendie, François] 

physiologist 

Paris, France 

1817 to 1822 

Summary of Physiology [1817] 

He lived 1783 to 1855, studied emetine and morphine drugs, and studied iodides and bromides in nutrition. He 

poisoned animals with Javanese arrow poison in various ways, described convulsions and asphyxia, sectioned spinal 

cord, and isolated strychnine [1818]. Spinal-nerve anterior and posterior roots have separate functions {Bell-Magendie 

law, Magendie}: dorsal root is sensory, and ventral root is motor [1822]. 

 

Friedrich Bessel [Bessel, Friedrich] 

mathematician 

Germany 

1817 to 1824 

He lived 1784 to 1846 and invented Bessel equation [1817 to 1824] and Bessel's inequality. 

 

Georges Cuvier [Cuvier, Georges] 

biologist 

Paris, France 

1817 to 1825 

Animal Kingdom [1817]; Discourse on the Revolutionary Upheavals on the Surface of the Earth [1825] 

He lived 1769 to 1832 and studied fossils, differentiated animals by body structures and nervous systems, and noted 

adaptations to environment. 

 

Étienne Geoffroy Saint-Hilaire [Saint-Hilaire, Étienne Geoffroy] 

biologist 

Paris, France 

1818 

Anatomical Philosophy [1818] 

He lived 1772 to 1844 and studied fossils and compared fish and land animals, vertebrates and insects, and cephalopods 

and vertebrates. Fossils have structure homologies {unity of type}. Body type depends on vertebral structure. 

 

Pierre Dulong [Dulong, Pierre] 

chemist 

France 

1819 

He lived 1785 to 1838 and studied heat capacity and invented law of Dulong-Petit [1819]. 

 

Hans Christian Oersted [Oersted, Hans Christian] 

physicist 

Denmark 

1819 

He lived 1777 to 1851 and found that moving charge has magnetic field [1819]. 

 

Alexis Petit [Petit, Alexis] 



chemist 

France 

1819 

He lived 1791 to 1820 and studied heat capacity and invented law of Dulong-Petit [1819]. 

 

André M. Ampere [Ampere, André M.] 

physicist 

France 

1820 to 1827 

He lived 1775 to 1836 and studied magnetic fields around conductors [1820 to 1827]. 

 

fertilizer 

inventor 

South America 

1820 to 1830 

fertilizer [1820 to 1830] 

South America shipped nitrate fertilizer {fertilizer} to Europe. 

 

Ernst Heinrich Weber [Weber, Ernst Heinrich] 

physiologist 

Leipzig, Germany 

1820 to 1846 

On vision and hearing in humans and animals [1820]; Additions to the Theory of Construction and Function of the 

Genital Organs [1846] 

He lived 1795 to 1878, studied psychophysics, invented theory of signs {Lokalzeichentheorie}, measured skin 

sensitivity to separated stimuli [1826], studied inhibition by vagus nerve [1845], and developed law of sensation 

[1834], with Fechner. People can distinguish between two similar sensations {just-noticeable difference}. For each 

sense, ratio of just-noticeable-difference to intensity is approximately constant for all intensities. Subjective sensation 

increases as logarithm of physical-stimulus magnitude. Just-noticeable difference increases in direct proportion to 

stimulus intensity. If I is sensation intensity, intensity change divided by intensity equals constant {Weber-Fechner 

law} {Weber's law}: (I2 - I1) / I1 = Weber's constant. Weber's constant {Weber fraction} represents smallest stimulus 

intensity difference that people can perceive. If intensity is higher, differences must be larger for people to perceive 

them. Weber's constant is typically greater than one to three percent, differs for different senses, and tends to increase 

with age. 

 

Claude Louis Marie Henri Navier [Navier, Claude Louis Marie Henri] 

physicist 

France 

1821 to 1822 

He lived 1785 to 1836 and studied fluid dynamics [1821 to 1822]. 

 

Jan Evangelista Purkinje [Purkinje, Jan Evangelista] 

anatomist 

Spain/Germany 

1821 to 1839 

Observations and Experiments Investigating the Physiology of Senses [1821]; New Subjective Reports about Vision 

[1825] 

He lived 1787 to 1869 and studied brain neurons. He said fingerprints are unique [1823]. As light intensity decreases, 

red objects fade faster than blue objects {Purkinje effect} [1825]. He discovered germinal vesicles [1825], skin sweat 

glands [1833], Purkinje cells [1837], and Purkinje fibers [1839]. He digested protein with pancreatic extract [1836]. 

 

Joseph Fourier [Fourier, Joseph] 

mathematician 

Paris, France 

1822 

Analytical Theory of Heat [1822] 



He lived 1768 to 1830, invented heat equation, and invented Fourier series and Fourier transform: over intervals, any 

function can be trigonometric series. 

 

Augustin Fresnel [Fresnel, Augustin] 

physicist 

France 

1822 

He lived 1788 to 1827, developed Fresnel integral, and applied it to making lenses for refraction [1822]. 

 

Jean-Victor Poncelet [Poncelet, Jean-Victor] 

mathematician 

Paris, France 

1822 

Treatise on the projective properties of figures [1822] 

He lived 1788 to 1867, rediscovered projective geometry, and studied affine geometry, differential geometry, and 

harmonic point sets. 

 

William Beaumont [Beaumont, William] 

biologist 

USA 

1822 to 1833 

Experiments and Observations on the Gastric Juice and the Physiology of Digestion [1833] 

He lived 1785 to 1853 and observed stomach functions [1822 to 1833]. 

 

Janos Bolyai [Bolyai, Janos] 

mathematician 

Hungary 

1823 to 1833 

Appendix to Tentamen [1833: of Farkas Bolyai or Wolfgang Bolyai] 

He lived 1802 to 1860 and used substitute parallel axiom [1823], applied to intersecting and non-intersecting lines, to 

make non-Euclidean geometry [1833]. 

 

Nicolas Carnot [Carnot, Nicolas] 

physicist 

France 

1824 

Reflections on the Motive Power of Fire [1824] 

He lived 1796 to 1832 and invented heat-engine theory. 

 

Marie Jean Pierre Flourens [Flourens, Marie Jean Pierre] 

physiologist/anatomist 

France 

1824 

Experimental Researches on the Properties and Functions of the Nervous System in Vertebrates [1824] 

He lived 1794 to 1867, studied brain and concluded that cortex acts as one unit, and ablated brain areas to investigate 

brain function. Cerebellum is for muscle coordination. Medulla is for respiration. Central nervous system has diverse 

and localized psychological functions. 

 

Niels Abel [Abel, Niels] 

mathematician 

Norway 

1824 to 1826 

He lived 1802 to 1829 and invented elliptic-function addition theorems and integrals. He studied quintic polynomials 

[1824], elliptic functions, series, fields, and rings. He invented Abelian integrals [1826], Abel's theorem, Abel 

summability, and Abelian group or commutative group. 

 



Henri Dutrochet [Dutrochet, Henri] 

biologist 

France 

1824 to 1830 

Mechanistic Materialism and General Psychology [1830] 

He lived 1776 to 1847, studied osmosis [1824], studied plant respiration and light sensitivity [1824 to 1830], and 

worked on cell theory. 

 

Jean A. Brillat-Savarin [Brillat-Savarin, Jean A.] 

judge 

France 

1825 

Physiology of Taste [1825: about food and philosophy] 

He lived 1755 to 1826. 

 

Lejeune Dirichlet [Dirichlet, Lejeune] 

mathematician 

Belgium 

1825 to 1839 

Lectures on Number Theory [1839] 

He lived 1805 to 1859 and invented Dirichlet series, Dirichlet conditions, and Dirichlet principle or Thomson principle. 

He studied analytic number theory [1825]. 

 

Friedrich Wöhler [Wöhler, Friedrich] 

chemist 

Berlin, Germany 

1825 to 1854 

Textbook of Chemistry [1825: four volumes]; Foundations of Inorganic Chemistry [1830]; Foundations of Organic 

Chemistry [1840]; Practical Experiments of Analytical Chemistry [1854] 

He lived 1800 to 1882 and synthesized urea from ammonium cyanate [1828], the first artificial organic-chemical 

synthesis. 

 

Abbot, Downing Company 

inventor 

Concord, New Hampshire 

1827 

Concord coach [1827] 

Overland Stage Company used western version [1862] {Concord coach}. 

 

George Green [Green, George] 

mathematician 

England 

1827 

Essay on the Application of Mathematical Analysis to the Theories of Electricity and Magnetism [1827] 

He lived 1793 to 1841, invented Green's theorem, and studied double integrals, line integrals, and curvilinear integrals. 

 

Georg Simon Ohm [Ohm, Georg Simon] 

physicist 

Germany 

1827 

He lived 1789 to 1854 and invented Ohm's law [1827]. 

 

Robert Brown [Brown, Robert] 

physicist 

Scotland 

1827 to 1828 



He lived 1773 to 1858 and discovered cell nucleus [1827] and Brownian movement [1828]. 

 

Karl Ernst von Baer [Baer, Karl Ernst von] 

naturalist 

Königsberg, Germany 

1827 to 1837 

Letter on the Mammalian Egg and Human Genesis [1827]; History of the Evolution of Animals [1828 and 1837: two 

parts] 

He lived 1792 to 1876 and discovered ovum in mammals [1826]. Embryos of various vertebrates are similar {Baer 

laws}. 

 

Augustus Ferdinand Möbius [Möbius, Augustus Ferdinand] 

mathematician 

Leipzig, Germany 

1827 to 1837 

Calculus of Centers of Gravity [1827]; Handbook on Statics [1837] 

He lived 1790 to 1868, invented Möbius strip, and studied homogeneous coordinates. 

 

Julius Plucker [Plucker, Julius] 

mathematician 

Germany 

1828 to 1835 

Developments in Analytic Geometry [1828 to 1831: two volumes]; System of Analytic Geometry [1835] 

He lived 1801 to 1868 and studied trilinear coordinates and line coordinates. 

 

Thomas Graham [Graham, Thomas] 

chemist 

England 

1829 

He lived 1805 to 1869 and invented Graham's diffusion law [1829]. 

 

George Stephenson [Stephenson, George] 

inventor 

England 

1829 

miner's safety lamp [1815]; steam locomotive [1829] 

He lived 1781 to 1848. 

 

Carl Gustav Jacob Jacobi [Jacobi, Carl Gustav Jacob] 

mathematician 

Germany 

1829 to 1841 

Fundamental new theory of elliptical functions [1829]; On determinants of functions [1841] 

He lived 1804 to 1851 and studied elliptic integrals, function theory, and inverse elliptic functions {theta function, 

Jacobi}. He invented Jacobian. 

 

Joseph Liouville [Liouville, Joseph] 

mathematician 

Paris, France 

1829 to 1851 

Journal of Pure and Applied Mathematics [1836] 

He lived 1809 to 1882 and invented Sturm-Liouville theory [1829 and 1837] and transcendental numbers [1851]. 

Phase-space region volume is constant for Hamiltonian equation {Liouville's theorem, Liouville}, but volumes spread 

into larger space, leaving empty spaces. 

 

bedstead 



inventor 

England 

1830 

bedstead [1830] 

bed frame {bedstead}. 

 

European 1830 

mathematician 

Europe 

1830 

European mathematicians studied transitivity, reflexivity, symmetry, equivalence, axial symmetry, radial symmetry, 

rotation, reflection, translation, and inversion. 

 

glass window Europe 

inventor 

Europe 

1830 

glass window [1830] 

Melted sand becomes transparent or translucent {glass window}. 

 

Nikolai Ivanovich Lobachevski [Lobachevski, Nikolai Ivanovich] 

mathematician 

Kazan, Russia 

1830 

On the Principles of Geometry [1830] 

He lived 1793 to 1856 and invented Lobachevsky's rule. He used substitute parallel axiom, applied to two boundary 

lines with angle to the perpendicular, to make non-Euclidean hyperbolic geometry {Lobachevskian geometry, 

Lobachevski}. People do not know Euclid's axioms with certainty, and they are not true a priori. 

 

George Peacock [Peacock, George] 

mathematician 

London, England 

1830 

Treatise on Algebra [1830] 

He lived 1791 to 1858 and studied algebra systems and permanence of form. 

 

soap Europe 

inventor 

Europe 

1830 

soap [1830] 

Animal or vegetable fat mixes with lye. 

 

underwear 

inventor 

England 

1830 

underwear [1830] 

Underclothes {underwear} can be less bulky than clothes layers. 

 

Evariste Galois [Galois, Evariste] 

mathematician 

France 

1830 to 1832 

He lived 1811 to 1832 and studied group, field, solvability, and factoring representation theory [1830 to 1832]. 

 



Augustus De Morgan [De Morgan, Augustus] 

mathematician 

England 

1830 to 1849 

Elements of Arithmetic [1830]; Induction [1838]; Formal Logic [1847]; Trigonometry and Double Algebra [1849] 

He lived 1806 to 1871 and studied divergent series. He invented De Morgan's laws [1849] of algebra of classes: 

commutation, association, inverse, identity, distribution, and null. 

 

American ax 

inventor 

USA 

1830 to 1850 

American ax [1830 to 1850] 

single-bit felling ax {American ax}. 

 

gutta-percha 

inventor 

USA 

1830 to 1850 

gutta-percha used [1830 to 1850] 

Latex {gutta-percha} can be polyterpene or isoprene polymer. Caoutchouc is elastic, and gutta-percha is not elastic. 

 

trotting wagon 

inventor 

USA 

1830 to 1850 

trotting wagon [1830 to 1850] 

Wagons {trotting wagon} can be two-wheeled bench seats, for pleasure driving. 

 

Michael Faraday [Faraday, Michael] 

chemist/physicist 

England 

1831 

He lived 1791 to 1867 and invented Faraday's electrolysis laws [1831] and studied magnetic induction and 

diamagnetism. 

 

Cyrus McCormick [McCormick, Cyrus] 

inventor 

USA 

1831 to 1938 

reaper for wheat harvesting [1831]; combine for grain harvesting [1838] 

He lived 1809 to 1884. 

 

Joseph Henry [Henry, Joseph] 

physicist 

USA 

1832 

He lived 1797 to 1878 and induced current magnetically and studied self-inductance [1832]. 

 

Charles Wheatstone [Wheatstone, Charles] 

physicist/inventor 

England 

1832 

stereoscope [1832] 

He lived 1802 to 1875. Corresponding eye image points have greater separation for near objects than for distant ones 

{stereoscope, Wheatstone}. 



 

Charles Lyell [Lyell, Charles] 

geologist 

England 

1833 

Principles of Geology [1833] 

He lived 1797 to 1875. Wind, water, pressure, and heat forces can make mountains, riverbeds, coastlines, and other 

land shapes. Events observed in present explain events in past. World always has same laws {uniformitarianism}. 

 

Jordan Mott [Mott, Jordan] 

inventor 

England 

1833 

coal stove [1833] 

He lived 1768 to 1840 {coal stove}. 

 

William Augustus Taylor [Taylor, William Augustus] 

inventor 

England 

1833 

balloon frame for house using 2x4 boards and nails [1833] 

He lived 1818 to 1886 {balloon frame for house}. 

 

Johannes Peter Müller [Müller, Johannes Peter] 

physiologist/anatomist 

Berlin, Germany 

1833 to 1840 

Handbook of Physiology [1833 to 1840] 

He lived 1801 to 1858 and founded modern physiology. Sensation type depends on stimulated neurons, not on what 

stimulates them {doctrine of specific nerve energies, Muller}. 

 

Heinrich Lenz [Lenz, Heinrich] 

physicist 

Germany 

1834 

He lived 1804 to 1865 and invented Lenz's law [1834]. 

 

Samuel Morse [Morse, Samuel] 

inventor 

USA 

1835 to 1840 

telegraph [1835 to 1837]; Morse code [1840] 

He lived 1791 to 1919. 

 

Justus von Liebig [Liebig, Justus von] 

biologist 

Munich, Germany 

1835 to 1865 

Organic Chemistry in its Application to Agriculture and Physiology [1840]; Organic Chemistry in its Application to 

Physiology and Pathology [1842] 

He lived 1803 to 1873 and described enzyme action chemically {law of the minimum}. He observed that plants use 

nitrogen and carbon dioxide from air. He invented nitrogen fertilizer. He invented {Liebig condenser}. He silvered 

mirrors [1835]. He invented beef extract [1865]. 

 

Lambert Adolphe Jacques Quetelet [Quetelet, Lambert Adolphe Jacques] 

statistician/astronomer 



Brussels, Belgium 

1835 to 1871 

On Man [1835]; Anthropometry [1871] 

He lived 1796 to 1874 and developed social and human statistics. 

 

Joseph Plateau [Plateau, Joseph] 

mathematician 

Paris, France 

1836 to 1883 

Experimental and Theoretical Statics of Liquids under only Molecular Forces [1873]; stroboscope [1836] 

He lived 1801 to 1883 and invented Plateau's problem. 

 

John Deere [Deere, John] 

inventor 

USA 

1837 

steel plow [1837] 

He lived 1804 to 1886 {steel plow}. 

 

Isaac Pitman [Pitman, Isaac] 

inventor 

England 

1837 

phonographic shorthand [1837] 

He lived 1813 to 1897 {phonographic shorthand}. 

 

Bernard Bolzano [Bolzano, Bernard] 

mathematician 

Bohemia 

1837 to 1850 

Scientific Theory [1837]; Paradoxes of Infinity [1850] 

He lived 1781 to 1848 and studied continuity and set theory. Real numbers in closed intervals can be in one-to-one 

correspondence with real numbers in other closed intervals. Infinite sequences in closed intervals have limits {Bolzano-

Weierstrass theorem}. Truths can be a priori. Logic is about ideals, not about time or space. 

 

Matthias J. Schleiden [Schleiden, Matthias J.] 

anatomist 

Jena, Germany 

1838 

Contributions to Phytogenesis [1838] 

He lived 1804 to 1881 and invented plant cell theory. Cells are life units. 

 

Theodor Schwann [Schwann, Theodor] 

anatomist 

Berlin, Germany 

1838 

Microscopic Research of the Structure and Growth of Animals and Plants [1838] 

He lived 1810 to 1882 and invented animal cell theory. Cells are life units. 

 

Thomas H. Burgess [Burgess, Thomas H.] 

biologist 

England 

1839 

Physiology or Mechanism of Blushing [1839] 

Experiment cannot induce blushing physically. Experiment can induce blushing only mentally. Trying to restrain 

blushing only increases it. 



 

Germain Henri Hess [Hess, Germain Henri] 

chemist 

Switzerland/Russia 

1840 

He lived 1802 to 1850 and noted enthalpy changes [1840]. 

 

Christoph Gudermann [Gudermann, Christoph] 

mathematician 

Munster, Germany 

1840 to 1841 

He lived 1798 to 1852 and worked with elliptic functions [1840 to 1841]. Elliptic functions are sums of converging 

power terms. 

 

Louis Agassiz [Agassiz, Louis] 

biologist 

Neuchâtel, Switzerland/USA 

1840 to 1851 

Study of Glaciers [1840]; Essay on Classification [1851] 

He lived 1807 to 1873. Species form hierarchies, with form laws {taxonomy, Agassiz}. 

 

Gabriel Lamé [Lamé, Gabriel] 

mathematician 

Paris, France 

1840 to 1859 

Lessons on curvilinear coordinates and their diverse applications [1859] 

He lived 1795 to 1870 and studied curvilinear coordinates [1840] and invented Lamé's differential equation. 

 

James Braid [Braid, James] 

physician/surgeon 

Britain 

1841 to 1843 

Neurypnology [1843] 

He lived 1795 to 1860 and studied how to induce hypnosis. 

 

Julius Robert von Mayer [Mayer, Julius Robert von] 

chemist 

Germany 

1841 to 1867 

He lived 1814 to 1878, studied energy conservation [1841], and showed that living things use chemical processes for 

heat and power [1845]. Energy conservation is the only form in which axiom of causality is true. 

 

Christian Doppler [Doppler, Christian] 

physicist 

Austria 

1842 

He lived 1803 to 1853 and discovered Doppler effect [1842]. 

 

Carlo Matteucci [Matteucci, Carlo] 

physiologist 

Italy 

1842 

On a physiological phenomenon produced by contracting muscles [1842] 

He lived 1811 to 1868. Muscle cells have electric current [1842]. 

 

Ada Lovelace [Lovelace, Ada] or Augusta Byron [Byron, Augusta] 



mathematician 

London, England 

1843 

Notes on the Analytical Engine [1843: notes about general purpose computers added to her translation of French 

memoir on Babbage's Analytical Engine] 

She lived 1815 to 1852. Calculating machines cannot be creative, but only do what program indicates {Lady Lovelace's 

objection}. 

 

Charles Goodyear [Goodyear, Charles] 

inventor 

USA 

1844 

rubber vulcanization [1844] 

He lived 1800 to 1860 {rubber vulcanization}. He did not found or run Goodyear Rubber Company. Mesoamericans 

vulcanized rubber [-1600]. 

 

Horace Wells [Wells, Horace] 

dentist 

USA 

1844 

He lived 1815 to 1848 and first used nitrous-oxide anesthetic [1844] when he extracted his tooth. 

 

Hermann Grassmann [Grassmann, Hermann] 

mathematician 

Germany 

1844 to 1862 

Theory of Linear Extension [1844]; Theory of Extension [1862] 

He lived 1809 to 1877 and invented hypercomplex numbers {Grassmann variable}. Hypernumbers can represent 

tensors, quaternions, matrices, determinants, and all number types. Grassmann variables anti-commute: m . n = - n . m. 

He studied calculus of extension. Perhaps, space-time has extra, Grassmann dimensions to allow supersymmetry and 

supergravity. 

 

George Gabriel Stokes [Stokes, George Gabriel] 

mathematician 

Ireland 

1845 to 1849 

Dynamical Theory of Diffraction [1849] 

He lived 1819 to 1903 and invented Stokes theorem [1845], fluid-dynamics Navier-Stokes equations, and Stokes lines. 

Navier-Stokes equations extend Newton's second dynamics law and linear constitutive stress relation. 

 

Emil Heinrich Du Bois-Reymond [Du Bois-Reymond, Emil Heinrich] 

physiologist 

Germany 

1845 to 1877 

Researches on Animal Electricity [1848 and 1860: two volumes] 

He lived 1818 to 1896. Nerve cells have resting potential [1845] that decreases with nerve impulse. Nerves conduct 

electricity. Nerve impulses transmit chemically [1877]. 

 

Leopold Kronecker [Kronecker, Leopold] 

mathematician 

Germany 

1845 to 1887 

On Complex Units [1845]; Foundation of an Arithmetic Theory of General Algebra [1882]; On the Concept of 

Numbers [1887] 

He lived 1823 to 1891 and helped develop intuitionism. He invented Kronecker delta function and studied fields 

[1881]. 



 

Elias Howe [Howe, Elias] 

inventor 

USA 

1846 

lock stitch sewing machine [1846] 

He lived 1819 to 1867 {lock stitch sewing machine}. 

 

Elisha Graves Otis [Otis, Elisha Graves] 

inventor 

USA 

1846 to 1852 

railway safety brake [1846 to 1852]; elevator brake [1852] 

He lived 1811 to 1861 {railway safety brake}. 

 

Karl von Staudt [Staudt, Karl von] 

mathematician 

Nuremberg, Germany 

1847 

Geometry of Position [1847] 

He lived 1798 to 1867 and analyzed projective geometry without metric and without congruence. 

 

George Boole [Boole, George] 

mathematician 

England 

1847 to 1854 

Mathematical Analysis of Logic [1847]; Investigation of the Laws of Thought, on which are founded the Mathematical 

Theories of Logic and Probabilities [1854] 

He lived 1815 to 1864 and studied symbolic logic and logic of classes or extensional logic. Arithmetic and algebras 

have axioms and theorems allowing independent term or variable meanings. Axioms and theorems can be statements, 

sets, classes, events, or durations. Syllogisms can use arithmetic notation, and algorithm can prove them {Boolean 

algebra, Boole}. Boolean algebra has sets, union operation, intersection operation, complement operation, zero 

element, and unit element. Arithmetic axioms hold for elements and operations. 

#*********  Epistemology 

Mind has ability to conceive class, designate individual class members by common name, perform other logical tasks, 

and think logically {laws of thought, Boole}. Thought laws are innate and inherited. 

 

Matthew Townsend [Townsend, Matthew] 

inventor 

England 

1847 to 1856 

latch needle for knitting [1847 to 1856] 

He lived 1817 to ?. Knitting needles {latch needle} can open and close. 

 

Ignaz Philipp Semmelweis [Semmelweis, Ignaz Philipp] 

biologist 

Hungary/Vienna, Austria 

1847 to 1861 

Etiology, Concept, and Prophylaxis of Childbed Fever [1861] 

He lived 1818 to 1865 and started hand washing in chlorine solution [1847]. 

 

George Henry Corliss [Corliss, George Henry] 

inventor 

USA 

1848 

steam valve gear [1848] 



He lived 1817 to 1888 {steam valve gear}. 

 

Jean Foucault [Foucault, Jean] 

physicist 

France 

1848 to 1850 

He lived 1819 to 1868, invented Foucault pendulum [1848], and studied refraction index [1850]. 

 

Arnold A. Berthold [Berthold, Arnold A.] 

biologist 

Berlin, Germany 

1849 

Transplantation of Testes [1849] 

He lived 1803 to 1861 and studied hormones [1849] and transplantation. 

 

Richard Owen [Owen, Richard] 

physician/naturalist 

Britain 

1849 

On Parthenogenesis [1849] 

He lived 1804 to 1892 and found horse intermediate fossils. All vertebrates have body plans based on repeating 

vertebrae, which can evolve. 

 

Claude Bernard [Bernard, Claude] 

physiologist 

Paris, France 

1849 to 1865 

Lessons on Phenomena of Life in Animals and Plants [1863]; Introduction to the study of internal medicine [1865] 

He lived 1813 to 1878, studied pancreas [1849], studied liver and carbohydrates [1851], and noted curare's effects on 

nerve transmission to muscle [1853]. Anesthetics affect single cell organisms, such as green slime mold, amoebae, and 

paramecia [1875]. Internal environments {milieu interieur} can have constancies {homeostasis, Bernard}. 

 

William R. Hamilton [Hamilton, William R.] 

mathematician 

Ireland/Scotland 

1850 to 1856 

Lectures on Metaphysics and Logic [1869] 

He lived 1788 to 1856 and belonged to school of intuition. He invented quaternions and Cayley-Hamilton theorem. He 

studied non-commutative algebras. His student was H.L. Mansel. People can know the finite, but people know the rest 

by faith, based on Kant. 

 

Rudolf Clausius [Clausius, Rudolf] 

physicist/chemist 

Germany 

1850 to 1865 

He lived 1822 to 1888 and noted energy conservation [1850], studied gas kinetic theory, and invented virial theorem. 

Entropy always increases [1865]. 

 

Hermann Ludwig Ferdinand von Helmholtz [Helmholtz, Hermann Ludwig Ferdinand von] 

physiologist/physicist/inventor 

Germany 

1850 to 1867 

Treatise on Physiological Optics [1856 to 1867]; On the Sensations of Tone [1863]; ophthalmoscope [1851]; 

ophthalmometer 

He lived 1821 to 1894 and founded perceptual physiology {ophthalmoscope, Helmholtz}. He developed Young-

Helmholtz trichromatic color-vision theory and studied lens accommodation. He first timed nerve-signal conduction 



rate and muscle-action times [1850]. Speed at which electrical impulses travel along nerve fibers limits human reaction 

time. Pitch discrimination depends on resonance {fixed pitch theory}. 

#*********  Epistemology 

People cannot know external physical events and only have neural signals. Neural signals from senses gain meaning 

from learned associations, which depend on assumptions that can be incorrect. Perceptions are unconscious inferences. 

People cannot experience or introspect how they perceive or think. People cannot know data on which brain bases 

perceptions and beliefs. During perceptions and decisions to perform muscle movements, nerve signals switch. Body 

sense receptors receive and analyze physical energies from outside world to make independent, simple, and 

unnoticeable sensations, and brains learn to perceive objects and events that probably produced sensations {classical 

theory of psychology}. 

 

James Prescott Joule [Joule, James Prescott] 

physicist 

England 

1851 

He lived 1818 to 1889 and studied heat in conductors. Work and heat are energies [1851]. 

 

William Rankine [Rankine, William] 

physicist 

Scotland 

1853 

He lived 1820 to 1872, developed Rankine temperature scale, and invented first energy-conservation law. 

 

Karl Weierstrass [Weierstrass, Karl] 

mathematician 

Germany 

1854 

On the Theory of Abelian Functions [1854] 

He lived 1815 to 1897, used arithmetic concepts for mathematical analysis, and studied real number theory, analytic 

and elliptic functions, and uniform convergence. He invented Weierstrass-Bolzano theorem [1854]. To remove 

contradictions introduced by infinitesimals, he reformulated calculus using limits and exhaustion method. Elliptic 

complex functions are sums of convergent power functions. Irrational numbers are rational-number-series 

convergences. 

 

Georg Bernhard Riemann [Riemann, Georg Bernhard] 

mathematician 

Germany 

1854 to 1859 

On the hypotheses that lie at the foundations of geometry [1854]; Theory of Abelian functions [1857]; On the number 

of primes less than given magnitude [1859] 

He lived 1826 to 1866. He studied non-Euclidean geometry, differential geometry, complex functions, multiple-valued 

functions, mapping, prime-number theorems, analytic number theory, and singularities. He invented Riemann surfaces, 

Riemann-Darboux integral, Riemann zeta function, Riemann mapping theorem, and Riemann hypothesis. Riemann 

integrals are sums over infinity of step functions. All closed line segments have the same number of points. All points, 

in plane touching Riemann sphere at South Pole, map to sphere points, with points at infinity mapping to North Pole. 

Compact-plane points can thus map to limited, closed, and bounded surfaces. 

 

James Clerk Maxwell [Maxwell, James Clerk] 

physicist 

Britain 

1854 to 1865 

He lived 1831 to 1879, developed feedback-regulation mathematical formulas, and invented electromagnetism and 

electromagnetic-wave laws [1865], using first-order partial-differential-equation systems. Mixing red, green, and blue 

primary colors can make all colors [1854]. 

 

Arthur Cayley [Cayley, Arthur] 



mathematician 

England 

1855 

Determinants used before Matrices [1855] 

He lived 1821 to 1895 and studied matrix theory and invariant theory. 

 

Donald McKay [McKay, Donald] 

inventor 

Canada/USA 

1855 

clipper ship [1855] 

He lived 1810 to 1880 {clipper ship}. 

 

Louis Pasteur [Pasteur, Louis] 

biologist 

Paris, France 

1855 to 1883 

Germ Theory and its Application to Medicine and Surgery [1878] 

He lived 1822 to 1895 and studied yeast and fermentation [1855], developed pasteurization [1864], and developed 

rabies vaccine [1883]. Organic molecules can have chirality. Cells come from cells, with no spontaneous generation. 

 

Henry Bessemer [Bessemer, Henry] 

inventor 

England 

1856 

open-hearth process [1856] 

He lived 1813 to 1898 and invented cheaper steel manufacturing process {open-hearth process}. 

 

Thomas Vernon Wollaston [Wollaston, Thomas Vernon] 

anatomist 

England 

1856 

Variation of Species [1856] 

He lived 1822 to 1878. 

 

Stanislao Canizzaro [Canizzaro, Stanislao] 

chemist 

Italy 

1858 

He lived 1826 to 1910 and defined the mole [1858], found atomic weights, and invented molecular formulas. 

 

Joseph Fawkes [Fawkes, Joseph] 

inventor 

USA 

1858 

steam plow [1858] 

He lived 1804 to 1886 {steam plow}. 

 

Rudolf Virchow [Virchow, Rudolf] 

biologist 

Germany 

1858 

Cell Pathology [1858] 

He lived 1821 to 1902 and studied cell theory. Cells arise from each other over continual generations {Omnis cellula e 

cellula}. 

 



Charles Hermite [Hermite, Charles] 

mathematician 

France 

1858 to 1864 

On a new development in function series [1864] 

He lived 1822 to 1901 and invented Hermitean operators and Hermite functions [1858 to 1864]. 

 

Gustav Robert Kirchhoff [Kirchhoff, Gustav Robert] 

chemist/inventor 

Germany 

1859 

spectroscope [1865] 

He lived 1824 to 1887, discovered spectra absorption lines [1859], and discovered cesium and rubidium. 

 

petroleum USA 

inventor 

Pennsylvania 

1859 

petroleum [1859] 

Oil {petroleum} was near surface in Pennsylvania. 

 

Henry Walter Bates [Bates, Henry Walter] 

biologist 

England 

1859 to 1862 

Contributions to an Insect Fauna of the Amazon Valley [1862] 

He lived 1825 to 1892, studied mimicry [1862] {Batesian mimicry}, and was a naturalist in Amazon [1848 to 1859]. 

 

Charles Robert Darwin [Darwin, Charles Robert] 

naturalist 

Britain 

1859 to 1872 

On the Origin of Species by Means of Natural Selection [1859]; Descent of Man and Selection in Relation to Sex 

[1871]; Expression of the Emotions in Man and Animals [1872] 

He lived 1809 to 1882. He developed plant and animals evolution theory. Natural selection of variations leads to the 

most-successful reproduction {survival of the fittest, Darwin}. Species evolved from earlier species, making branching 

evolutionary trees. Evolution has caused changes without needing causer. Evolution has support from organism 

location, because similar environments in different locations have different organisms, and similar, mutually accessible, 

locations with different environments have similar organisms. Evolution has support from comparative anatomy, 

because different species have similar hand bones, and species have vestigial structures. Evolution has support from 

embryology, because segmented-worm and unsegmented-mollusc larvae are similar, and vertebrate embryos have gills. 

Evolution has support from the fossil record, which shows intermediate forms. Changes have billions of years to 

happen. Ancient rocks and environment differ from now, and fossil life forms differ from now. Current animals 

adapted to present environment, not to ancient one. Finches of Galapagos Islands and barnacles were test cases. 

He also studied emotions. Human emotional-response and facial-expression origins are pre-human species behaviors. 

 

Robert Wilhelm Bunsen [Bunsen, Robert Wilhelm] 

chemist/inventor 

Germany 

1860 to 1865 

spectroscope [1865]; spectrum analysis 

He lived 1811 to 1899, improved Bunsen burner [1860], and discovered cesium and rubidium. He discovered hydrated-

iron-oxide antidote for arsenic poisoning. 

 

Werner Siemens [Siemens, Werner] 

inventor 



Germany 

1860 to 1870 

electric dynamo [1860 to 1870] 

He lived 1816 to 1892. 

 

William Crookes [Crookes, William] 

physicist/inventor 

England 

1861 

spinthariscope 

He lived 1832 to 1919 and invented cathode rays [1861] {spinthariscope}. 

 

Alexander Parkes [Parkes, Alexander] 

inventor 

England 

1861 

nitrocellulose plastic [1861] 

He lived 1813 to 1890 {nitrocellulose plastic}. 

 

Paul Pierre Broca [Broca, Paul Pierre] 

surgeon/anthropologist 

Paris, France 

1861 to 1878 

On the principal of cerebral localizations [1861]; New observation of aphasia produced by lesion in the posterior part of 

second and third convolution of the left frontal lobe [1861]; Memoranda of Anthropology [1871 to 1878: three 

volumes] 

He lived 1824 to 1880, developed skull-measuring instruments, and studied prehistoric skull trephining. He first 

described Cro-Magnon and Aurignacian man. He disproved theory {Celtic myth} that Celts constituted a racial group 

with inherited characteristics [1866]. Frontal-lobe-third or inferior-gyrus damage {Broca's area, Broca} makes people 

unable to speak [1861]. 

 

Friedrich Argelander [Argelander, Friedrich] 

astronomer 

Germany 

1862 

Bonner Survey [1862] 

He lived 1799 to 1875 and found 300,000 star positions. 

 

Guillaume Duchenne [Duchenne, Guillaume] 

biologist 

Paris, France 

1862 

Mechanism of Human Physionomy [1862] 

He lived 1806 to 1875 and located innervated muscles for behaviors, gestures, and expressions. He studied locomotor 

ataxia and tried electrical stimulation therapy. 

 

Alfred Clebsch [Clebsch, Alfred] 

mathematician 

Germany 

1862 to 1866 

Theory of Elasticity in Fields [1862]; On the Applications of Abelian Functions in Geometry [1864]; Theory of 

Abelian Functions [1866: with Paul Gordan] 

He lived 1833 to 1872 and studied genus of curves {Clebsch-Gordan coefficients}. 

 

Ernst Haeckel [Haeckel, Ernst] 

biologist 



Berlin, Germany 

1862 to 1868 

Radiolaria [1862]; History of Creation [1868] 

He lived 1834 to 1919 and studied marine invertebrates. Ontogeny recapitulates phylogeny {theory of recapitulation}. 

Sperm are mostly nucleic acid [1868]. 

 

Gregor Mendel [Mendel, Gregor] 

biologist 

März, Austria 

1863 to 1866 

Experiments in Plant Hybridization [1865] 

He lived 1822 to 1884 and developed Mendel's inheritance laws by studying dominant and recessive characteristics of 

pea-plant independent and discrete heredity units. 

 

Frans Donders [Donders, Frans] 

physiologist 

Utrecht, Netherlands 

1864 to 1870 

On the anomalies of accommodation and refraction of the eye with a preliminary essay on physiologic dioptrics [1864]; 

Proceedings of the Community Meeting of the Koninlijke Academy of Science [1865]; Speed of Mental Processes 

[1868]; Physiology of speech sounds, in particular those of the Dutch language [1870] 

He lived 1818 to 1889 and studied eyes and reaction times. 

 

Paul Gordan [Gordan, Paul] 

mathematician 

Germany 

1866 

Theory of Abelian Functions [1866: with Alfred Clebsch] 

He lived 1837 to 1912. 

 

Alfred Nobel [Nobel, Alfred] 

inventor 

Sweden 

1866 

dynamite [1866] 

He lived 1801 to 1872. His trust provided for Nobel Prizes [1901]. 

 

Nikolaus Otto [Otto, Nikolaus] or Nicholas Otto [Otto, Nicholas] 

inventor 

Germany 

1866 to 1867 

internal combustion engine using Otto cycle [1866 to 1867] 

He lived 1832 to 1891. 

 

Joseph Lister [Lister, Joseph] 

biologist 

England 

1866 to 1877 

He lived 1827 to 1912, used carbolic acid on wounds to prevent infection [1866], and studied bacteria, antiseptics, heat 

sterilization, and operative techniques [1877]. 

 

Christopher Sholes [Sholes, Christopher]/S. W. Soule [Soule, S. W.]/G. Glidden [Glidden, G.] 

inventor 

USA 

1868 

typewriter [1868] 



He lived 1819 to 1890. 

 

John Muir [Muir, John] 

naturalist 

USA 

1868 to 1890 

Treasure of the Yosemite [1890]; Features of the Proposed National Park [1890] 

He lived 1838 to 1942 and wrote about the beauty and meaning of nature, especially after visiting Yosemite [1868]. 

 

Friedrich Miescher [Miescher, Friedrich] 

biologist 

Germany 

1869 

He lived 1844 to 1895 and discovered DNA in trout sperm [1869]. Blood carbon dioxide level regulates breathing. 

 

Francis Galton [Galton, Francis] 

biologist 

England 

1869 to 1883 

Hereditary Genius [1869]; English Men of Science [1874]; Inquiries into Human Faculty and Its Development [1883] 

He lived 1822 to 1911 and studied human mental-property and physical-property genetics. He collected and classified 

fingerprints {fingerprinting}. He studied human individual differences, using imagery, psychological questionnaires, 

twin life histories, and family and talented-people educational backgrounds. He developed the correlation coefficient. 

He participated in scientific exploration to unexplored Africa. 

He discovered air pressure systems and invented weather maps [1875]. He invented a polyhedron {Galton's 

Polyhedron} of possible structural forms to which organisms can jump. More intellectually gifted people have less 

vivid imagery [1883]. 

 

Dmitri Mendeleyev [Mendeleyev, Dmitri] 

chemist/physicist 

Russia 

1869 to 1890 

He lived 1834 to 1907 and invented the periodic law and element periodic table [1869]. 

 

Thomas Alva Edison [Edison, Thomas Alva] 

inventor 

USA 

1869 to 1910 

stock ticker tape [1869]; automatic telegraph [1872]; phonograph [1877]; carbon button microphone [1878]; 

incandescent light bulb [1879]; electric dynamo [1879]; electrical distribution system [1880]; experimental electric 

railroad [1880]; Edison effect [1883]; silent movies [1893]; projector [1896]; storage battery [1900 to 1910] 

He lived 1847 to 1931, found Edison effect [1883], and invented light bulb {light bulb}, movies, phonograph, and 

electric generator {electric dynamo}. He projected kinetoscopes onto screens and showed vaudeville acts [1896]. 

 

Gustav Fritsch [Fritsch, Gustav]/Eduard Hitzig [Hitzig, Eduard] 

biologist 

Germany 

1870 

On the Electrical Excitability of the Cerebrum [1870] 

Fritsch lived 1838 to 1927. Hitzig lived 1838 to 1907. They studied Broca's-area localized motor functions. 

 

Bernhard A. von Gudden [Gudden, Bernhard A. von] 

biologist 

Germany 

1870 to 1874 

Anomalies of the Human Skull [1870]; Experimental Studies of Skull Growth [1874] 



He lived 1824 to 1886. After axons are cut, neuron cell bodies often die and disappear {retrograde cell degeneration} 

[1870], providing method to study nerve pathways. 

 

Walter Flemming [Flemming, Walter] 

biologist 

USA 

1870 to 1879 

He lived 1843 to 1905 and studied mitosis [1870], meiosis, and chromatin role [1879]. 

 

Alfred Russel Wallace [Wallace, Alfred Russel] 

naturalist 

Britain 

1870 to 1903 

Contributions of the Theory of Natural Selection [1870]; Geographical Distribution of Animals [1876]; Island Life 

[1880]; On Miracles and Modern Spiritualism [1881]; Darwinism [1889]; Man's Place in the Universe [1903] 

He lived 1823 to 1913 and independently developed evolution theory with survival of fittest. He studied animal 

geography and life in Amazon River basin and Malay Archipelago. 

 

Richard Dedekind [Dedekind, Richard] 

mathematician 

France 

1870 to 1916 

Essay on the Theory of Numbers [1870] 

He lived 1831 to 1916 and studied fields, algebraic numbers, and irrational numbers. 

 

Ludwig Boltzmann [Boltzmann, Ludwig] 

chemist 

Austria 

1871 

He lived 1844 to 1906 and studied entropy and probability [1871]. 

 

Felix Klein [Klein, Felix] 

mathematician 

Germany 

1871 

On the So-called Non-Euclidean Geometry [1871]; Erlanger Program [1872: Erlanger is town in Germany]; Riemann's 

Theory of Algebraic Functions and their Integrals [1882] 

He lived 1849 to 1925 and set forth Erlangen program [1872]. He invented Klein's bottle and metric. In three 

dimensions, all metric geometries are projective geometry augmented by a quadric {absolute, geometry} or a curve 

related to absolute. 

 

John William Strutt [Strutt, John William] or Lord Rayleigh [Rayleigh, Lord] 

physicist 

England 

1871 to 1894 

He lived 1842 to 1919, studied traveling waves, studied hydrodynamics {hydrodynamic similarity}, studied 

frictionless-tube compressible flow with heat transfer {Rayleigh flow} [1885], discovered argon [1894], and described 

light scattering [1871]. He calculated black-body radiation distribution at low and high frequencies {Rayleigh-Jeans 

radiation}, with James Jeans [1900], which indicated that all energy goes into higher field frequencies over time 

{ultraviolet catastrophe}, which is impossible. 

 

Luther Burbank [Burbank, Luther] 

biologist 

USA 

1871 to 1921 



Burbank potato [1871]; Shasta daisy [1901]; July Elberta peach [1905 to 1910]; Santa Rosa plum [1905 to 1910]; 

Flaming Gold nectarine [1905 to 1910]; How Plants Are Treated to Work for Man [1921] 

He lived 1849 to 1926 and developed new plant varieties. 

 

John Wesley Hyatt [Hyatt, John Wesley] 

inventor 

USA 

1872 

celluloid plastic [1872] 

He lived 1837 to 1920 {celluloid plastic}. 

 

Ernst Mach [Mach, Ernst] 

physicist/philosopher 

Vienna, Austria 

1872 to 1916 

History and Root of the Law of the Conservation of Energy [1872]; Science of Mechanics: a Critical and Historical 

Account of its Development [1883]; Contributions to the Analysis of Sensations and the Relation of the Physical to the 

Psychical [1885]; Popular Scientific Lectures [1894]; Knowledge and Error [1905]; Space and Geometry in the Light 

of Physiological, Psychological and Physical Inquiry [1906]; Principles of Physical Optics: an Historical and 

Philosophical Treatment [1916] 

He lived 1838 to 1916. He studied gas flow, sound speed, optic Doppler effect, shock waves, and perception {Mach 

band, Mach}. He studied how observers relate to sensations and objects and studied reference frames. 

#*********  Epistemology 

Accelerations and rotations are relative to universe mean mass {Mach's principle, Mach}, and so relative to fixed stars. 

Object and physical knowledge cannot depend on sensations, because methods by which people perceive determine 

sensations. Science terms describe and predict {instrumentalism} but do not refer to physical objects, which people 

cannot know. 

Only sensory experience can verify science ideas {empirio-criticism}. 

 

David Ferrier [Ferrier, David] 

physician 

Britain 

1873 to 1890 

Experimental researches in cerebral physiology and pathology [1873]; Croonian Lecture: Experiments on brain of 

monkeys (second series) [1875]; Croonian Lectures on Cerebral Localisation [1890] 

He lived 1843 to 1928 and developed operations to treat brain injuries and diseases. Cerebral functions are in fixed 

brain areas. 

 

Camillo Golgi [Golgi, Camillo] 

biologist 

Italy 

1873 to 1909 

Nerves of the Spinal Column [1873] 

He lived 1843 to 1926 and found Golgi cells [1883] and Golgi apparatus [1909]. If silver chromate stains neural tissue, 

some nerve cells stain black and become visible among unstained, transparent cells [1873]. 

 

Sophus Lie [Lie, Sophus] 

mathematician 

Germany 

1874 

Theory of Integrability Factors [1874] 

He lived 1842 to 1899 and studied transformation groups and finite continuous groups {Lie group, Lie}. 

 

Jacobus Van't Hoff [Van't Hoff, Jacobus] 

chemist 

Netherlands 



1874 

He lived 1852 to 1911 and studied stereochemistry and diamond structure [1874]. 

 

Carl Wernicke [Wernicke, Carl] 

neurologist/psychiatrist 

Germany 

1874 

Aphasic Syndrome [1874] 

He lived 1848 to 1905, studied sensory aphasia and word-usage and word-choice disorders, and invented language 

brain-flow diagrams. Alcoholics often have thiamine deficiency, which can cause encephalopathy. 

 

William Kingdon Clifford [Clifford, William Kingdon] 

mathematician/philosopher 

England 

1874 to 1877 

Body and Mind [1874]; Ethics of Belief [1877] 

He lived 1845 to 1879 and invented geometric product and Clifford algebras. He studied complex analysis. Addition 

does not necessarily combine two units of same kind but instead defines relations, as in complex numbers or 

hypernumbers. People have innate learning, which developed through evolution {evolutionary epistemology, Clifford}. 

Mind grows by evolution {creative evolution}. 

 

Emil Fischer [Fischer, Emil] 

chemist 

Germany 

1874 to 1906 

He lived 1852 to 1919 and studied enzymes and carbohydrate chemistry [1874 to 1906]. 

 

Jean-Martin Charcot [Charcot, Jean-Martin] 

neurologist/psychologist 

France 

1875 to 1877 

On cerebral localizations [1875]; Lectures on the Diseases of the Nervous System [1877] 

He lived 1825 to 1893 and studied multiple sclerosis, hysteria, hypnosis, and tabes dorsalis "shooting pains" {lightning 

pains}. 

 

William Thomson [Thomson, William] or Lord Kelvin [Kelvin, Lord] 

physicist 

England 

1876 

He lived 1824 to 1907, invented Kelvin temperature scale [1876], and studied thermodynamics. 

 

Robert Koch [Koch, Robert] 

biologist 

Wollstein, Rhineland-Palatinate, Germany 

1876 to 1890 

Anthrax [1877] 

He lived 1843 to 1910, stained bacteria [1877], grew bacterial colonies [1890], studied anthrax [1876], tuberculosis, 

and cholera, and developed tuberculin test [1890]. He developed Koch's postulates about disease. 

 

Alexander Graham Bell [Bell, Alexander Graham] 

inventor 

USA 

1876 to 1901 

telephone [1876]; audiometer [1879]; photophone [1880]; metal locator [1881]; wax cylinders for recording [1886]; 

tetrahedral kite [1901] 

He lived 1847 to 1922. 



 

Paul Du Bois-Reymond [Du Bois-Reymond, Paul] 

mathematician 

France 

1877 

On the paradoxes of the infinitary calculus [1877] 

He lived 1831 to 1889 and classified partial differential equations. 

 

Willy Kuhne [Kuhne, Willy] 

physiologist 

Heidelberg, Germany 

1877 to 1900 

On the red of the retina [1877] 

He lived 1837 to 1900 and found rhodopsin retinal pigment {visual purple} in rod photoreceptors for twilight vision 

[1877]. 

 

Eduard Pfluger [Pfluger, Eduard] 

physiologist 

Bonn, Germany 

1877 to 1910 

Teleological Mechanics of Nature [1877] 

He lived 1829 to 1910. Organisms have goal-directed feedback mechanisms to stabilize output. 

 

Ferdinand Georg Frobenius [Frobenius, Ferdinand Georg] 

mathematician 

Germany 

1878 

He lived 1849 to 1917 and studied linear algebra [1878], series, and groups. 

 

Ewald Hering [Hering, Ewald] 

physiologist 

Austria 

1878 

Theory of Light Sensing [1878] 

He lived 1834 to 1918. Lung receptors signal distension, stop inspiration {Hering-Breuer reflex}, and partly control 

respiration. 

He explained brightness perception, color vision, afterimages, and complementary colors by starting from neutral point 

and moving in anabolic or catabolic direction {opponent color theory, Hering}. Yellow does not subjectively appear to 

mix green and red and is stable over intensity changes, so yellow is a primary-color complement. Eye-movement, 

color-detection, and brightness-detection mechanisms are inborn. People see unique blue, unique green, and unique 

yellow, because they affect all three cones and, at that wavelength, people perceive no other color mixed in. People do 

not see unique red, because only two cones affect red. 

Brain substance can contain memories, and memory is a material process, because memory survives unconsciousness 

and sleep. 

 

Louis-Antoine Ranvier [Ranvier, Louis-Antoine] 

anatomist 

Paris, France 

1878 

Lessons on the histology of the nervous system [1878] 

He lived 1835 to 1922 and studied neuron axons and conduction [1878]. 

 

Carl Gustav P. Laval [Laval, Carl Gustav P.] 

biologist/inventor 

Sweden 

1878 to 1883 



cream separator [1878]; centrifuge [1883] 

He lived 1845 to 1913. 

 

Felix Lincke [Lincke, Felix] 

engineer/inventor 

Germany 

1879 

mechanical relay [1879] 

He lived 1840 to 1917 and studied feedback loops {mechanical relay}. Loops {feedback loop} can continuously 

measure output {indicator, feedback}, modify feedback-loop input {executive organ, feedback}, connect indicator and 

executive organ {transmitter, feedback}, and supply energy {motor, feedback}. Difference between intended goal and 

indicator measurement modifies feedback-loop input, to bring system output nearer to goal. 

 

Jean Henri Fabré [Fabré, Jean Henri] 

entomologist 

Paris, France 

1879 to 1907 

Souvenirs of Entomology [1879 to 1907] 

He lived 1823 to 1915 and studied insect behavior and sense capacities. 

 

Joseph Breuer [Breuer, Joseph] 

physician 

Vienna, Austria 

1880 

Case of Anna O. [1880] 

He lived 1842 to 1925, studied hysteria using hypnosis, and discussed catharsis. Vagus nerve controls breathing. 

Semicircular canals are for balance. 

 

John Venn [Venn, John] 

mathematician 

USA 

1880 

On the Diagrammatic and Mechanical Representation of Prepositions and Reasonings [1880] 

He lived 1834 to 1923 and invented Venn diagrams. 

 

Johannes van der Waals [van der Waals, Johannes] 

physicist 

Netherlands 

1880 to 1890 

Molecular theory of a substance composed of two different species [1890] 

He lived 1837 to 1923, discovered Van der Waals forces [1880], and studied equilibrium matter states [1890]. 

 

Josiah Willard Gibbs [Gibbs, Josiah Willard] 

chemist/mathematician 

USA 

1881 

Elements of Vector Analysis [1881] 

He lived 1839 to 1903 and studied vectors and thermodynamic equilibrium in many-particle systems. 

 

John Hughlings Jackson [Jackson, John Hughlings] 

neurologist 

Britain 

1881 to 1887 

Croonian Lectures on Evolution and Dissolution of the Nervous System [1881 to 1887] 



He lived 1835 to 1911. He noted focal-epilepsy involuntary-movement sequences and deduced motor-cortex excitable-

area spatial patterns. Patients can utter words or phrases under stress or during high emotion, though they cannot speak 

voluntarily. 

 

George Romanes [Romanes, George] 

biologist 

England 

1881 to 1888 

Animal Intelligence [1881]; Physiological Selection: An Additional Suggestion on the Origin of Species [1886]; 

Mental Evolution in Man [1888] 

He lived 1848 to 1894. Animals learn by imitation [1886]. 

 

Moritz Pasch [Pasch, Moritz] 

mathematician 

Germany 

1882 

He lived 1843 to 1930 and studied geometry foundations [1882], especially line and point interchangeability. 

 

refrigerated ship 

inventor 

Australia/United Kingdom 

1882 

refrigerated ship for food transport [1882] 

Refrigeration began just before {refrigerated ship}. 

 

time zone 

inventor 

USA 

1883 to 1884 

time zone [1883 to 1884] 

Time zones {time zone} became international [1884]. 

 

Osborne Reynolds [Reynolds, Osborne] 

physicist 

England 

1883 to 1889 

He lived 1842 to 1912 and studied hydraulics and hydrodynamics, especially turbulent flow and when fluid transitions 

from laminar to turbulent flow {hydrodynamic stability} [1883 to 1889]. 

 

August Weismann [Weismann, August] 

biologist 

Germany 

1883 to 1902 

On Inheritance [1883]; Essays upon Heredity and Kindred Biological Problems [1889]; Lecture on Descendency 

Theory [1902] 

He lived 1833 to 1914. Specialized cells carry genetic information {germ line} {germ plasm theory} [1883]. Selection 

can operate at levels below and above organisms. 

 

Vito J. Volterra [Volterra, Vito J.] 

mathematician/ecologist 

Italy 

1883 to 1930 

Theory of Functionals and of Integral and Integro-Differential Equations [1930] 

He lived 1860 to 1940 and studied integral equations [1883]. Mating, dying, or other-species effects cause predator-

number and prey-number change rates {Lotka-Volterra differential equations, Volterra} [1926]. In ecosystems, 



predator and prey numbers can oscillate until reaching steady state, can continue to oscillate, or can become zero, so 

species is extinct. 

 

Svante Arrhenius [Arrhenius, Svante] 

chemist 

Sweden 

1884 

He lived 1859 to 1927 and studied electrolytic ion solutions [1884]. 

 

Henri Louis Le Chatelier [Le Chatelier, Henri Louis] 

chemist 

Paris, France 

1884 

General Statement of the Laws of Chemical Equilibrium [1884] 

He lived 1850 to 1936 and invented Le Chatelier's reaction-direction principle [1884]. 

 

Frederick T. Trouton [Trouton, Frederick T.] 

chemist 

England 

1884 to 1902 

Results of an Electrical Experiment [1902] 

He lived 1863 to 1922 and studied vaporization entropy. Vaporization entropy is approximately 87 Joules/Kelvin per 

mole for most liquids {Trouton's rule} [1884]. 

 

Georg Cantor [Cantor, Georg] 

mathematician 

Halle, Germany 

1885 

Contributions to the Founding of the Theory of Transfinite Numbers [1885] 

He lived 1845 to 1918 and studied set theory, infinity, continuity, transfinite numbers, union, intersection, conjunction, 

disjunction, bound, extension principle, abstraction principle, and one-to-one correspondence. 

He invented continuum hypothesis. Cardinal-number series and ordinal-number series are infinite. Irrational numbers 

in closed intervals are rational-number-series limits. Sets of limits can have sets of limits, and so on, to infinity. 

Geometrical-figure or space topologies are points related by distance functions or limits. For any real number n, 2^n > 

n. 

 

Gottfried Daimler [Daimler, Gottfried] 

inventor 

Germany 

1885 

motorcycle [1885] 

He lived 1834 to 1900 {motorcycle}. 

 

Theodor Escherich [Escherich, Theodor] 

biologist 

Graz, Germany 

1885 

On Intestinal Bacteria of Infants [1886]; Escherichia coli discovered [1885] 

He lived 1857 to 1911. 

 

Hermann Amandus Schwarz [Schwarz, Hermann Amandus] 

mathematician 

Germany 

1885 

He lived 1843 to 1921 and invented Schwarz statistics criterion, Schwarz's inequality [1885], and Schwarz's paradox. 

 



Joseph John Thomson [Thomson, Joseph John] 

chemist/physicist 

England 

1885 

He lived 1856 to 1940 and studied gas electrons and electrical conduction [1885]. 

 

Karl Friedrich Benz [Benz, Karl Friedrich] 

inventor 

Germany 

1885 to 1896 

automobile [1885 to 1896] 

He lived 1844 to 1929. 

 

Max von Frey [Frey, Max von] 

physiologist 

Göttingen, Germany 

1885 to 1904 

Journal of Mathematical Physics [1896]; Four Cutaneous Senses [1904]; heart-lung machine [1885] 

He lived 1852 to 1932 and studied pain and touch sensations. 

 

Richard von Krafft-Ebing [Krafft-Ebing, Richard von] 

neurologist 

Germany 

1886 

Psychopathy of Sex [1886] 

He lived 1840 to 1902 and studied syphilitic infection, which can cause insanity and paralysis. 

 

François Raoult [Raoult, François] 

chemist 

France 

1886 

He lived 1830 to 1901 and invented Raoult's vapor-pressure law [1886]. 

 

William Stanley, Jr. [Stanley, Jr., William] 

inventor 

USA 

1886 

transformer [1886] 

He lived 1858 to 1916. 

 

Nicola Tesla [Tesla, Nicola] 

inventor 

Italy 

1887 

magnetic coil [1887]; rotating magnetic field [1887] 

He lived 1856 to 1943 {magnetic coil}. 

 

Heinrich Hertz [Hertz, Heinrich] 

physicist 

Germany 

1888 

He lived 1857 to 1894 and invented radio waves [1888]. 

 

Johannes Rydberg [Rydberg, Johannes] 

chemist 

Germany 



1888 

He lived 1854 to 1919 and studied element emission lines, making Rydberg formula [1888]. 

 

Walther H. Nernst [Nernst, Walther H.] 

physicist 

Germany 

1888 to 1918 

He lived 1864 to 1941, invented thermodynamic energy equation or Nernst equation [18], and studied matter at 

absolute zero and thermodynamics, including photo chain reactions [1918]. 

 

Joseph Bertrand [Bertrand, Joseph] 

mathematician 

Paris, France 

1889 

Calculation of Probabilities [1889] 

He lived 1822 to 1900. Because circle chords can have varying angles to tangents, for example perpendicular to radius 

and parallel to tangent, different ways of selecting chords lead to different probabilities that chord is less than 

inscribed-equilateral-triangle side {Bertrand's paradox}. 

 

Sonja Kowalewski [Kowalewski, Sonja] or Sophie Kowalewski [Kowalewski, Sophie] or Sofia Kovalevskia 

[Kovalevskia, Sofia] 

mathematician 

Russia 

1889 

On the problem of rotation of solid body around fixed point [1889] 

She lived 1850 to 1891 and studied elliptic functions and power-series sums. 

 

Charles Mayo [Mayo, Charles]/William Mayo [Mayo, William] 

doctor 

USA 

1889 

Charles lived 1865 to 1939. William lived 1861 to 1939. They performed surgery at Mayo Clinic [1889]. 

 

Hugo de Vries [de Vries, Hugo] 

botanist 

Netherlands 

1889 to 1905 

Theory of Mutations [1901]; Species and Varieties: Their Origin by Mutation [1905] 

He lived 1848 to 1935, studied evening-primrose mutations [1900], and developed inheritance laws based on cell 

factors {pangenesis, de Vries} [1889]. Plants can jump from form to form, unconstrained by structures. Phylogenesis 

results from species selection. 

 

Giuseppe Peano [Peano, Giuseppe] 

mathematician 

Turin, Italy 

1890 

Mathematical Formulas [1890] 

He lived 1858 to 1932. He invented logical notation, which Russell used. He studied axiomatic number systems. He 

invented Peano's postulates about rational numbers, based on Dedekind's work. He used reflexive, symmetric, and 

transitive axioms to derive rational numbers from natural numbers. 

 

Charles Proteus Steinmetz [Steinmetz, Charles Proteus] 

inventor 

USA 

1891 

alternating current [1891]; Law of Hysteresis or Steinmetz's Law [1891] 



He lived 1865 to 1923. 

 

Paul Ehrlich [Ehrlich, Paul] 

doctor 

Frankfurt, Germany 

1891 to 1925 

He lived 1854 to 1915. He used methylene blue as antimalarial drug [1891], trypan red and trypaflavin against 

trypanosomiasis, acriflavine as antibacterial, arsenical compounds (Carbarsone) against amoebas, arsenical compounds 

(Salvarsan and oxophenarsine) against syphilis bacteria [1907 to 1909]. He discovered drug resistance [1925]. 

 

Rudolf Diesel [Diesel, Rudolf] 

inventor 

Germany 

1892 

diesel engine [1892] 

He lived 1858 to 1913. 

 

George Francis Fitzgerald [Fitzgerald, George Francis] 

physicist 

Ireland 

1892 

He lived 1844 to 1894 and tried to measure electric wavelength. He said that matter moving near light speed contracts 

in motion direction {Fitzgerald-Lorentz contraction} [1892]. 

 

Hendrik Lorentz [Lorentz, Hendrik] 

physicist 

Netherlands 

1892 to 1904 

He lived 1853 to 1928. He studied Zeeman effect [1892]. He said that matter moving near light speed contracts in 

motion direction {Fitzgerald-Lorentz contraction, Lorentz} [1892]. He invented motion equations {Lorentz equations 

of motion} for charged particles in electromagnetic fields [1895], whereas Maxwell's equations are for electromagnetic-

field changes. He invented Einstein-Lorentz transformations [1904]. 

 

William Osler [Osler, William] 

surgeon 

USA 

1892 to 1905 

Principles and Practice of Medicine [1892]; Fixed Period [1905] 

He lived 1849 to 1919. 

 

welding invented 

inventor 

USA 

1893 

welding [1900] 

Thermite welding {welding, thermite} uses acetylene. Oxyfuel welding began at same time. 

 

William Bateson [Bateson, William] 

biologist 

England 

1894 

Materials for the Study of Variation [1894] 

He lived 1861 to 1926 and invented the word genetics for heredity study. Genes carry genetic information and are in 

chromosomes. New species come from repeated-body-segment structure and number changes. Such modifications can 

lead to similarity with existing part {homeosis, Bateson}. Parts can have jumps. For example, upper thoracic vertebrae 

can have no ribs or lower cervical vertebrae can have ribs. 



 

Thomas Stieltjes [Stieltjes, Thomas] 

mathematician 

Netherlands 

1894 

Researches on continuous fractions [1894] 

He lived 1856 to 1894 and invented Stieltjes integral. 

 

Gregorio Ricci-Curbastro [Ricci-Curbastro, Gregorio] 

mathematician 

Italy 

1894 to 1900 

Methods of calculating absolute differentials and their applications [1900: with Levi-Civita] 

He lived 1853 to 1925 and studied absolute differential calculus [1894]. He started tensors, spinors, invariance, 

covariant, contravariant, version orientation-entanglement relation, and bivector wedge product. 

 

Santiago Ramon y Cajal [Ramon y Cajal, Santiago] 

anatomist 

Spain 

1894 to 1904 

Textbook of the Human and Vertebrate Nervous System [1894 to 1904] 

He lived 1852 to 1934 and studied neurons and brain microscopic structure. Nerve signal goes from neuron axon to 

next-neuron dendrite. 

 

Charles Dodgson [Dodgson, Charles] or Lewis Carroll [Carroll, Lewis] 

mathematician 

England 

1895 

What the Tortoise Said to Achilles [1895] 

He lived 1832 to 1898 and studied symbolic logic. Assuming inference rule is not the same as assuming conditional 

statement. 

 

Guglielmo Marconi [Marconi, Guglielmo] 

physicist/inventor 

Italy 

1895 

radio [1895] 

He lived 1874 to 1937 and invented wireless communication telegraphy, radio [1895], filters, amplifiers, and tuners 

{radio, Marconi}. 

 

Albert A. Michelson [Michelson, Albert A.] 

physicist 

USA 

1895 

He lived 1852 to 1931 and proved light speed is constant [1895]. 

 

Wilhelm Roentgen [Roentgen, Wilhelm] 

chemist/physicist 

Germany 

1895 

He lived 1845 to 1923 and discovered x-rays [1895]. 

 

Hans Driesch [Driesch, Hans] 

biologist/philosopher 

France/Jena, Germany 

1895 to 1905 



History and Theory of Vitalism [1905] 

He lived 1867 to 1941. Cell from 2-cell, 4-cell, 8-cell, or 16-cell frog embryo can develop into complete adult, which 

can spawn complete children [1895]. Cell non-material transcendental order moves animal development toward 

adulthood {entelechy, Driesch}. 

 

Émile Borel [Borel, Émile] 

mathematician 

Paris, France 

1895 to 1946 

Risk [1913]; Space and time [1921]; Treatise on calculation of probability and its applications [1924 to 1934]; 

Paradoxes of infinity [1946] 

He lived 1871 to 1956 and studied functions using series and measure theory [1895], invented Heine-Borel theorem, 

and helped develop intuitionism. 

 

Henri Becquerel [Becquerel, Henri] 

physicist 

France 

1896 

He lived 1852 to 1908 and studied radioactivity [1896]. 

 

Paul Emil Flechsig [Flechsig, Paul Emil] 

biologist 

Leipzig, Germany 

1896 

Brain and Mind [1896] 

He lived 1847 to 1929. Cortex association areas myelinate after birth, while sense and motor areas myelinate before 

birth. 

 

George Washington Carver [Carver, George Washington] 

biologist/inventor 

USA 

1896 to 1923 

peanut products [1897 to 1930]; crop rotation [1897 to 1930] 

He lived 1864 to 1943 and developed soil improvements and new peanut, soybean, and cotton uses. He rotated peanuts 

with cotton. 

 

Cesare Burali-Forti [Burali-Forti, Cesare] 

mathematician 

Italy 

1897 

Question about Transfinite Numbers [1897] 

He lived 1861 to 1931. Ordinal numbers are well-ordered by definition. Ordinal-number sets must then have a greatest 

ordinal number. However, the set can be infinite and not have greatest ordinal number. Therefore, infinite ordinal-

number sets cannot exist {Burali-Forti paradox}. Ordinal-number sets are higher-ordinal-number-set subsets. 

 

David Hilbert [Hilbert, David] 

mathematician 

Germany 

1897 to 1912 

Report on Numbers [1897]; Foundations of Geometry [1899]; 23 Unsolved Problems of Mathematics [1900: at 

International Congress of Mathematicians, Paris]; Elements and Principles of Mathematics [1912] 

He lived 1862 to 1943 and studied formal systems, proof theory, metamathematics, and Erlanger Program. He studied 

real numbers using connection, calculation, order, and continuity axioms. He invented Hilbert space and Hilbert-

Schmidt theorem. He posed problems {Hilbert program} for 20th century mathematicians to solve [1900]. His tenth 

problem {Entscheidungsproblem} asked if theorem-proving algorithms are possible. Integral equations and complete 

orthogonal-system theories relate. 



#*********  Epistemology 

Mathematics can depend on proofs using symbol language {formalism, Hilbert}. Mathematics branches can be formal 

and studied at higher level {metamathematics, Hilbert}, but do not need infinitely high level. Meaningful mathematics 

is about finite objects and relations. The infinite hotel {Hilbert hotel} has an infinite number of rooms, so it has 

infinitely many vacancies, no matter how many people. 

 

Charles Scott Sherrington [Sherrington, Charles Scott] 

physiologist 

Britain 

1897 to 1946 

Synapse [1897]; Integrative Action of the Nervous System [1906]; Mammalian Physiology [1919]; Reflex Activity in 

the Spinal Cord [1932: with Richard S. Creed]; Man on His Nature [1942]; Endeavor of Jean Fernel [1946] 

He lived 1857 to 1952, named neuron junctions "synapses", showed that transmission slowed there, and studied 

antagonistic-muscle reciprocal innervation. He studied peripheral and spinal reflexes, including dog scratch reflex, and 

relations between reflexes and behavior patterns. 

He studied sense exteroceptors, interoceptors, and proprioceptors. Exteroceptive distance receptors detect movements 

and are at animal leading edges. Distance receptors receive stimuli far from physical source. Brains can build space-

time relations to represent environment. Interoceptive receptors receive stimuli where physical sources contact body 

surface. Proprioceptive receptors receive stimuli from inside body. 

Precurrent receptors initiate behavior, and non-precurrent receptor activity stops behavior. Behavior relies on body 

hierarchical spatio-temporal subsystems that evolution built and linked for survival. Body-limit perception affects 

behavior. 

Organisms evolved to allow more exploration and autonomy, as distance receptors and brain integration evolved. 

Organisms had more prey and predator knowledge. Anticipatory responses extended control over space and time, so 

reaction time increased and immediate receptor responses lasted longer. 

 

Wilhelm Wien [Wien, Wilhelm] 

physicist 

Germany 

1898 

He lived 1864 to 1928 and studied black body radiation [1898]. 

 

Francis Gotch [Gotch, Francis] 

biochemist 

England 

1899 

He lived 1853 to 1913 and studied nerve impulse, which has refractory period [1899]. 

 

Frederick Winslow Taylor [Taylor, Frederick Winslow] 

engineer/inventor 

USA 

1899 

Taylor-White process [1899: heat-treated steel tools, with Maunsel White] 

He lived 1856 to 1915 {Taylor-White process}. 

 

Harriet Brooks [Brooks, Harriet] 

physicist 

Canada 

1899 to 1907 

She lived 1876 to 1933 and studied radioactivity and element transmutation [1899 to 1907]. She discovered radon and 

nuclei recoil after radioactivity. 

 

Shelford Bidwell [Bidwell, Shelford] 

barrister 

Britain 

1899 to 1909 



Curiosities of Light and Vision [1899] 

He lived 1848 to 1909. Alternating flashing lights can make afterimages {Bidwell's ghost}. 

 

European 1900 

mathematician 

Europe 

1900 

European mathematicians studied topology or analysis situs, as in neighborhood, completeness, compactness, 

connectedness, winding number, homeomorphy, Königsberg bridges problem, four-color theorem or map problem, 

manifold, simplex, and tesselation. They studied impredicative definition, as in Burali-Forti paradox, barber paradox, 

Richard's paradox, heterological paradox, Russell's paradox, hangman's paradox, and Newcomb's problem. 

 

Jacques Loeb [Loeb, Jacques] 

biologist 

Germany 

1900 

Comparative Physiology of the Brain and Comparative Psychology [1900] 

He lived 1859 to 1924. Simple animals have forced tropism movements. Animals move towards stimulus source 

{positive tropism} or away from it {negative tropism}. Simple animals have paired receptors, such as eyes, which send 

signals to paired muscles, such as legs. When both receptors send equal signals, tension balances between both 

muscles, and animal moves in straight lines {tonus hypothesis}. However, tonus hypothesis is not true for simple or 

higher animals. 

 

Wilhelm Ostwald [Ostwald, Wilhelm] 

chemist 

Germany 

1900 to 1902 

He lived 1853 to 1932, studied chemical equilibrium [1900], reaction rates, and color, and invented Ostwald process 

for nitric acid [1902]. 

 

Max Planck [Planck, Max] 

physicist 

Berlin, Germany 

1900 to 1906 

Theory of Heat Radiation [1906] 

He lived 1858 to 1947 and found Plank's constant [1900]. He studied blackbody radiation, radiation absorption and 

emission quantum theory, and electromagnetic radiation energy. Light has energy proportional to frequency. Blackbody 

radiation intensity is proportional to temperature, because many oscillators with different, discrete frequencies cause 

radiation [1900]. Sum of frequency intensities is not infinite. 

 

Andrei A. Markov [Markov, Andrei A.] 

mathematician 

Russia 

1900 to 1913 

He lived 1856 to 1922, invented probability theory using Chebyshev continued fraction [1900], and invented Markov 

process [1913]. 

 

James Jeans [Jeans, James] 

physicist 

England 

1900 to 1943 

Dynamical Theory of Gases [1903]; Theoretical Mechanics [1906]; Mathematical Theory of Electricity and Magnetism 

[1908]; Universe around Us [1929]; Mysterious Universe [1930]; Stars in their Courses [1931]; New Background of 

Science [1933]; Through Space and Time [1934]; Physics and Philosophy [1943] 

He lived 1877 to 1946. He calculated black-body-radiation distribution at low and high frequencies {Rayleigh-Jeans 

radiation, Jeans} {Rayleigh-Jeans law}, with Rayleigh [1900]. All energy seemed to go into higher field frequencies 



over time, which is impossible {ultraviolet catastrophe, Jeans}: energy density = 8 * pi * k * T / (lambda^4), where T = 

temperature, k = Boltzmann constant, and lambda = wavelength. 

Large-enough {Jeans mass} {Jeans instability} {Jeans length} interstellar clouds can collapse to form stars, depending 

on temperature, mass, and density. 

Two things that can interact share a feature. For example, things that interact gravitationally both have mass. Perhaps, 

thoughts about perceptions relate to stimulus energies. 

 

Walther von Dyck [Dyck, Walther von] 

mathematician 

Netherlands 

1901 

He lived 1856 to 1934 and combined equation group theory, group number theory, and infinite transformation groups 

{abstract group theory} [1901]. 

 

Henri Lebesgue [Lebesgue, Henri] 

mathematician 

Paris, France 

1901 

On a generalization of the definite integral [1901] 

He lived 1875 to 1941 and invented Lebesgue integral and Riemann-Lebesgue lemma, studied measure theory [1901], 

and helped develop intuitionism. 

 

Tullio Levi-Civita [Levi-Civita, Tullio] 

mathematician 

Padua, Italy 

1901 

Note on the resistance of fluids [1901] 

He lived 1873 to 1941 and studied tensors. 

 

Nobel Prize 

prize 

Norway/Sweden 

1901 to 2003 

Alfred Nobel financed scientific prizes for living people. 

 

Paul Drude [Drude, Paul] 

physicist 

Germany 

1902 

He lived 1863 to 1906 and studied metal free electrons [1902]. 

 

Julius Bernstein [Bernstein, Julius] 

biochemist 

Germany 

1902 to 1912 

Investigations into the Thermodynamics of Bioelectrical Currents [1902]; Electrobiology [1912] 

He lived 1839 to 1917 and measured nerve-impulse conduction speed [1902]. Neural ion concentrations change slightly 

during nerve impulses and cause nerve potential differences and action potentials {membrane theory} [1902 to 1912]. 

Local electric current flows between axon resting region and impulse region and causes depolarization {local circuit 

hypothesis}. This was idea of Ludimar Hermann. 

 

Ivan Petrovich Pavlov [Pavlov, Ivan Petrovich] 

physiologist 

St. Petersburg, Russia 

1902 to 1927 

Work of the Digestive Glands [1902]; Conditional Reflexes [1927] 



He lived 1849 to 1936 and studied neurosis, peripheral nerves, digestion physiology, classical conditioning, and 

reflexes. 

Contradictory stimuli can disturb balance between nervous-system excitatory and inhibitory processes, and personality 

affects whether neurosis develops. 

Vagus nerve controls blood pressure, and four nerves control and vary heartbeat rhythm and intensity. Depending on 

saliva and food, tasting food {sham feeding} can release gastric juice, which has enzymes {enterokinase}. 

Dogs associate neutral stimulus with reflex. Conditional reflex forms more easily if unconditional stimulus, such as 

food, follows conditional stimulus, such as bell, than if they are simultaneous or if conditional stimulus follows 

unconditional stimulus. Conditional reflex forms more easily if conditional stimulus is nearer in time to unconditional 

stimulus. Conditional stimulus that starts just before unconditional stimulus is as effective as conditional stimulus that 

started long before unconditional stimulus and lasted until just before. More intense conditional and unconditional 

stimuli cause greater conditioned responses. Training conditional stimulus allows testing similar conditional stimuli to 

investigate animal sense discriminations. External inhibition, internal inhibition, new environments, and new stimuli 

affect conditioning. If conditional and unconditional stimuli no longer pair, conditioned reflex gradually decreases. 

Maintaining conditioned reflex requires regular reinforcement. Conditioned reflex is similar to other reflexes. 

Conditional reflex formation is adaptation whereby animal can survive better in changing environment. 

 

Marie-Antoine Carême [Carême, Marie-Antoine] 

chef 

France 

1903 

He lived 1783 to 1833, was chef to Talleyrand and Alexander I of Russia, and carved marzipan, fat, and sugar {pièce 

montée}. 

 

Marie Sklodowska Curie [Curie, Marie Sklodowska] 

physicist 

Poland/France 

1903 

She lived 1867 to 1934 and discovered radium [1903]. 

 

Auguste Escoffier [Escoffier, Auguste] 

chef 

France 

1903 

Guide Culinaire oe Culinary Guide [1903] 

He served courses from menu and used stock, at Ritz Hotel. 

 

Wilbur Wright [Wright, Wilbur]/Orville Wright [Wright, Orville] 

inventor 

Kitty Hawk, North Carolina 

1903 

controlled powered airplane flight [1903] 

Wilbur lived 1867 to 1912 {controlled powered airplane flight}. Orville lived 1871 to 1948. 

 

Korbinian Brodmann [Brodmann, Korbinian] 

biologist 

Germany 

1903 to 1909 

Comparative Localization Studies on the Neocortex in their Differentiation on the Basis of Cell Density [1909] 

He lived 1868 to 1918 and mapped 52 cortical areas [1903 to 1908]. 

 

Karl Schwarzschild [Schwarzschild, Karl] 

physicist 

Germany 

1903 to 1916 



He lived 1873 to 1916 and used general relativity to model static universes {Schwarzschild space-time} and stars 

[1916]. He found Schwarzschild limit. Schwarzschild [1903], Tetrode, and Fokker developed perfect absorption to 

renormalize Maxwell's equations. 

 

Jacques Hadamard [Hadamard, Jacques] 

mathematician 

France 

1903 to 1945 

Mathematician's Mind or Psychology of Invention in the Mathematical Field [1945] 

He lived 1865 to 1963 and studied functionals [1903], characteristic equations and helped develop intuitionism. 

 

Herbert Spencer Jennings [Jennings, Herbert Spencer] 

zoologist 

USA 

1904 to 1906 

Contributions to the Study of the Behavior of Lower Organisms [1904]; Behavior of the Lower Organisms [1906] 

He lived 1868 to 1947 and studied invertebrates. 

 

Herta Ayrton [Ayrton, Herta] or Hertha Ayrton [Ayrton, Hertha] or Sarah Marks [Marks, Sarah] 

physicist 

England 

1904 to 1908 

She lived 1854 to 1923 and determined that removing air from streetlamps and shaping arc ends prevented hissing in 

electric arcs, with William Edward Ayrton. 

 

Ernst Zermelo [Zermelo, Ernst] 

mathematician 

Germany 

1904 to 1908 

He lived 1871 to 1956 and invented Zermelo-Fraenkel set theory [1904 to 1908]. Infinite sets can contain sets with no 

elements in common. Methods to choose one element from each set must exist {axiom of choice, Zermelo}. If sets 

have no defined choice function, sets must use axiom of choice. 

 

Ludwig Prandtl [Prandtl, Ludwig] 

physicist 

Germany 

1904 to 1920 

He lived 1875 to 1953. Flow has two regions. One is potential flow, with incompressible and non-rotating fluid. The 

other is thin boundary layer next to tube or obstruction, where there are viscous effects and where surface interacts 

thermally and mechanically with fluid [1904]. Wing induces drag as it lifts {lifting line theory, Prandtl} [1920]. 

 

Elie Cartan [Cartan, Elie] 

mathematician 

France 

1904 to 1945 

Exterior differential systems and their geometric applications [1945] 

He lived 1869 to 1951 and studied hypercomplex numbers, Lie group theory, differential geometry [1904], and exterior 

derivatives. 

 

Jules Antoine Richard [Richard, Jules Antoine] 

philosopher 

France 

1905 

He lived 1862 to 1956. Integers are describable in words with a finite number of letters. An integer exists that is the 

least integer not describable in 100 or less letters. However, that phrase has less than 100 letters {Richard's paradox} 

[1905]. 



 

Jules Henri Poincaré [Poincaré, Jules Henri] 

mathematician/philosopher 

Paris, France 

1905 to 1908 

Science and Hypothesis [1905]; Foundations of Science [1908] 

He lived 1854 to 1912, helped develop intuitionism, and studied function theory, differential equations, orbits, and 

combinatorial topology. He found special-relativity equations [1905]. He showed how to keep distances constant as 

observed from different constant motions in flat space-time {Poincaré motion} {inhomogeneous Lorentz motion}, by 

lengthening light-cone along space dimensions and shrinking light-cone along time dimension. After systems reach 

largest phase-space region, they can return to all smaller regions over times much longer than universe age {Poincaré 

recurrence}. 

#*********  Epistemology 

Mathematical thinking is purely mental and so can reveal what is essential in mind. Unconscious thinking has preceded 

insight. Mind unconsciously selects possible solutions using innate or consciously formulated rules. Thinking appears 

to move in one direction and has purpose. Aesthetic value is an important creativity component. 

Thinking converges on truth, but absolute truth is unattainable. Statement is possibly true if it is not necessary that it is 

not true. Contradictions are necessarily not true. Statements that do not involve contradiction state logical possibility. 

Not all contradictions are apparent. Nature contains contradictions, so contradictions can state possibilities. 

Science decides what is naturally possible and naturally impossible. Epistemic possibility is what is consistent with 

human knowledge states. Possible truth is true in at least one possible world. Necessary truth is true in all possible 

worlds. Possibility and necessity are arbitrary rules about word use. Concept meaning depends on possible and 

impossible. 

Definition can quantify over all class objects {vicious-circle principle, Poincaré} {impredicative definition, Poincaré} 

or not include them {predicative definition, Poincaré}. 

 

Anton Breinl [Breinl, Anton]/Harold Wolferstam Thomas [Thomas, Harold Wolferstam] 

doctor 

Germany/England 

1905 to 1909 

Report on trypanosomes, trypanosomiasis and sleeping sickness [1905] 

Breinl lived 1880 to 1944 {sleeping sickness, drug}. Atoxyl kills trypanosomes [1905], which cause human 

trypanosomiasis. Thomas studied yellow fever. 

 

Frederick Frost Blackman [Blackman, Frederick Frost] 

biologist 

England 

1905 to 1922 

Optima and Limiting Factors [1905]; Problem of Plant Respiration considered as a Catalytic Process [1922] 

He lived 1866 to 1947 and studied light and dark photosynthesis [1905]. 

 

Albert Einstein [Einstein, Albert] 

physicist 

Germany/USA 

1905 to 1935 

Can a Quantum Mechanical Description of Physical Reality Be Considered Complete? [1935: with Boris Podolsky and 

Nathan Rosen] 

He lived 1879 to 1955, discovered photoelectric effect [1905], invented special relativity [1905], and analyzed 

Brownian motion [1905]. He developed general theory of relativity [1915]. He predicted Bose-Einstein condensation 

[1924]. He stated Einstein-Podolsky-Rosen (EPR) ideas [1935]. Crystal vibrations and rotations cause high heat 

capacity. 

 

Lee De Forest [De Forest, Lee] 

physicist/inventor 

USA 

1906 



vacuum tube amplifier [1906] 

He lived 1873 to 1961 and invented vacuum tube amplifiers [1906] {vacuum tube amplifier}. 

 

Maurice Frechet [Frechet, Maurice] 

mathematician 

France 

1906 

Abstract Spaces [1928] 

He lived 1878 to 1973 and studied function spaces and topology [1906], introducing metric spaces [1906]. 

 

Henry Ford [Ford, Henry] 

inventor 

USA 

1906 to 1913 

assembly line [1906 to 1913]; standardized parts [1913]; mass production [1913] 

He lived 1863 to 1947, built automobiles, opposed unions, and started Ford Foundation. 

 

Ross Granville Harrison [Harrison, Ross Granville] 

inventor 

England 

1907 

tissue culture [1907] 

He lived 1870 to 1959 {tissue culture}. 

 

John Burroughs [Burroughs, John] 

naturalist 

USA 

1907 to 1910 

Camping and Tramping with Roosevelt [1907]; In the Catskills [1910] 

He lived 1837 to 1921. 

 

Felix Hausdorff [Hausdorff, Felix] 

mathematician 

Germany 

1907 to 1919 

Principles of Set Theory [1914]; Dimension and Outer Measure [1919] 

He lived 1868 to 1942, invented generalized continuum hypothesis [1907], and invented Hausdorff space. 

 

George David Birkhoff [Birkhoff, George David] 

mathematician 

USA 

1907 to 1933 

Asymptotic Properties of Certain Ordinary Differential Equations with Applications to Boundary Value and Expansion 

Problems [1907]; Relativity and Modern Physics [1923: with R. E. Langer]; Aesthetic Measure [1933] 

He lived 1884 to 1944, invented Birkhoff's theorem [1909], proved Poincaré's Last Geometric Theorem [1913], 

discovered ergodic theorem [1931 to 1932], studied asymptotic series, and helped develop quantum logic. 

 

Hermann Minkowski [Minkowski, Hermann] 

mathematician 

Russia/Germany 

1908 

He lived 1864 to 1909 and unified space and time {space-time, Minkowski} in four dimensions [1908]. Light travels at 

45-degree angle to make a light-cone, inside which events can affect future events and past events can affect point. 

Distances between events involve positive time and negative distances: s^2 = t^2 - x^2 - y^2 - z^2. 

 

Elmer Ambrose Sperry [Sperry, Elmer Ambrose] 



inventor 

USA 

1908 

gyroscopic compass [1908] 

He lived 1860 to 1930 and invented gyroscopic compass. 

 

Harvey Cushing [Cushing, Harvey] 

biologist 

USA 

1908 to 1912 

Pituitary Body and its Disorders [1912] 

He lived 1869 to 1939, stimulated brains and elicited sensation without movement [1908], and described Cushing's 

syndrome [1912]. 

 

Henrietta Swan Leavitt [Leavitt, Henrietta Swan] 

astronomer 

USA 

1908 to 1912 

She lived 1868 to 1921. Cepheid-variable brightness varies directly with logarithm of period {period-luminosity 

relationship} [1908 and 1912]. 

 

Luitzen E. J. Brouwer [Brouwer, Luitzen E. J.] 

mathematician 

Netherlands 

1908 to 1924 

Unreliability of the Logical Principles [1908]; Intuitionistic Reflections on Formalism [1927] 

He lived 1881 to 1966, tried to define numbers, and helped develop quantum logic. He helped develop the idea that 

mathematics requires mental constructions for truth {intuitionism, Brouwer} [1924]. Unconstructed and non-existent 

things cannot be the basis for truth. Infinities cause excluded-middle-law contradiction, so mathematics cannot use this 

law. 

 

Frans Alfons Janssens [Janssens, Frans Alfons] 

biologist 

Germany 

1909 

Theory of Crossing-over [1909] 

He lived 1863 to 1924 and studied crossing-over. 

 

Keith Lucas [Lucas, Keith] 

biochemist 

England 

1909 

He lived 1879 to 1916 and studied nerve impulse, with Francis Gotch. Nerve impulse is all-or-nothing, with refractory 

period afterward [1909]. 

 

Andrija Mohorovicic [Mohorovicic, Andrija] 

geologist 

Croatia 

1909 

He lived 1857 to 1936, studied seisomology, and discovered [1909] discontinuity at crust and mantle {Mohorovicic 

Discontinuity, Mohorovicic}. 

 

Peyton Rous [Rous, Peyton] 

biologist 

USA 

1909 to 1910 



Sarcoma of the common fowl [1910] 

He lived 1879 to 1970 and discovered first oncovirus, Rous sarcoma virus [1909]. 

 

Robert Barany [Barany, Robert] 

physiologist 

Austria 

1909 to 1913 

On the Ear Labyrinth [1906]; Tests [1910]; Clinic on the Vestibular Apparatus [1913] 

He lived 1876 to 1936 and studied ear labyrinth functions. 

 

Thomas Hunt Morgan [Morgan, Thomas Hunt] 

biologist 

USA 

1909 to 1915 

Mechanism of Mendelian Heredity [1915] 

He lived 1866 to 1945, studied gene linkage, and invented linkage maps, using fruit flies [1909 to 1915]. Genes are in 

chromosomes. 

 

Archibald E. Garrod [Garrod, Archibald E.] 

biologist 

England 

1909 to 1923 

Inborn Errors of Metabolism [1923] 

He lived 1857 to 1936 and studied genetics [1909]. 

 

Abraham Flexner [Flexner, Abraham] 

biologist 

USA 

1910 

Experimental poliomyelitis in monkeys: active immunization and passive serum protection [1910: with Paul A. Lewis]; 

Medical Education in the United States and Canada [1910] 

He lived 1866 to 1959. He studied polio [1910]. 

 

Ernst Steinitz [Steinitz, Ernst] 

mathematician 

Germany 

1910 

Algebraic Theory of Fields [1910] 

He lived 1871 to 1928 and studied algebraic field theory. 

 

tractor 

inventor 

USA 

1910 

tractor with engine [1910] 

Farm vehicles {tractor} developed from automobiles. 

 

Oswald Veblen [Veblen, Oswald] 

mathematician 

England 

1910 to 1918 

Projective Geometry [1910 to 1918: with John Wesley Young, 2 volumes] 

He lived 1880 to 1960 and axiomatized geometry using ideas of point and order. 

 

Shepherd Ivery Franz [Franz, Shepherd Ivery] 

neuropsychologist 



USA 

1910 to 1923 

Functions of the Anterior and Posterior Association Areas of the Cerebrum [1910]; Handbook of Mental Examination 

Methods [1912]; Nervous and Mental Re-education [1923] 

He lived 1874 to 1933 and studied focal cerebral-cortex lesions, frontal-lobe functions, motor-center variability, and 

aphasia. 

 

Alfred North Whitehead [Whitehead, Alfred North] 

mathematician/philosopher 

Britain/USA 

1910 to 1938 

Principia Mathematica or Principles of Mathematics [1910 to 1913: with Russell]; Enquiry Concerning the Principles 

of Natural Science [1919]; Concept of Nature [1920]; Principle of Relativity with Applications to Physical Science 

[1922]; Science and the Modern World [1925]; Religion in the Making [1926]; Process and Reality [1929]; Adventures 

of Ideas [1933]; Modes of Thought [1938] 

He lived 1861 to 1947 and was idealist. He studied logical analysis, axiomatized logic, and developed logicism. Events 

can relate {process, Whitehead}. Relations and events transform object properties. Objects are always changing 

properties or property values. Reality is about such changes {process philosophy, Whitehead}. Since no properties exist 

for significant times, processes and relations are more important than matter, time, and position. All things interconnect 

and continually adjust to environment {philosophy of organism, Whitehead}. Higher properties emerge from lower 

systems. God is always becoming, and this unifies universe. Qualities are not substances but are mind-activity results. 

 

Ejnar Hertzsprung [Hertzsprung, Ejnar] 

astronomer 

Germany 

1911 

He lived 1873 to 1067 and studied star classification and evolution {Hertzsprung-Russell diagram} [1911]. 

 

Robert A. Milliken [Milliken, Robert A.] 

physicist 

USA 

1911 

He lived 1868 to 1953 and measured electron charge [1911]. 

 

Heike Kammerlingh Onnes [Onnes, Heike Kammerlingh] 

physicist 

Netherlands 

1911 

He lived 1853 to 1926 and discovered superconductivity [1911]. 

 

Ernest Rutherford [Rutherford, Ernest] 

physicist 

England 

1911 

He lived 1871 to 1937 and discovered atom central nucleus [1911], orbited by electrons. 

 

Harlow Shapley [Shapley, Harlow] 

astronomer 

USA 

1911 

Flights from Chaos: A Survey of Material Systems from Atoms to Galaxies [1923]; Galaxies [1943] 

He lived 1885 to 1972 and measured star distances and Sun galaxy position [1911]. 

 

Arthur Holmes [Holmes, Arthur] 

geologist 

England 



1911 to 1913 

Age of the Earth [1913] 

He lived 1890 to 1965, did first radiometric rock dating [1911], and championed continental drift and plate spreading. 

 

Nicolai A. Vasiliev [Vasiliev, Nicolai A.] 

mathematician 

Russia/Berlin, Germany 

1911 to 1913 

Imaginary (non-Aristotelian) Logic [1912: non-Aristotelian logic]; Logic and metalogic [1913] 

He lived 1880 to 1940 and helped develop three-valued logic [1910 to 1913]. 

 

Annie Jump Cannon [Cannon, Annie Jump] 

astronomer 

USA 

1911 to 1914 

Henry Draper Catalog [1914] 

She lived 1863 to 1941, cataloged many stars, and invented star spectral classification system: O, B, A, F, G, K, and M. 

 

Walter Bradford Cannon [Cannon, Walter Bradford] 

physiologist 

USA 

1911 to 1932 

Mechanical Factors of Digestion [1911]; Bodily Changes in Pain, Hunger, Fear and Rage [1915 and 1929]; Wisdom of 

the Body [1932] 

He lived 1871 to 1945 and studied psychosomatic disease and fear and rage biochemistry. Body maintains chemical 

and function equilibrium {homeostasis, Cannon}. Body uses feedback signals to indicate needs and to initiate action to 

obtain needs. 

 

Gordon Morgan Holmes [Holmes, Gordon Morgan] 

neurologist 

Ireland 

1911 to 1941 

Sensory disturbances from cerebral lesions [1911: with Henry Head] 

He lived 1876 to 1965 and studied sensation locations and spinal and head injuries. He found Adie's syndrome and 

Holmes' syndrome [1941], with William Adie. 

 

Henry Gwyn Jeffreys Moseley [Moseley, Henry Gwyn Jeffreys] 

chemist 

England 

1912 

He lived 1887 to 1915 and found atomic numbers [1912]. 

 

Vesto M. Slipher [Slipher, Vesto M.] 

astronomer 

USA 

1912 

He lived 1875 to 1969, measured extra-galactic-star and galaxy spectra, discovered that most spectra were red-shifted, 

and calculated their recessional velocities [1912]. 

 

Alfred Wegener [Wegener, Alfred] 

geologist 

Brunswick, Germany 

1912 to 1928 

Origin of the Continents and Oceans [1915] 

He lived 1880 to 1930 and developed continental-drift theory [1912 to 1928]. 

 



Peter Debye [Debye, Peter] 

physicist 

Netherlands/USA 

1912 to 1936 

He lived 1884 to 1966 and invented Debye-Hückel theory [1936] and studied vibration energy. Vibration energy equals 

mechanical-vibration frequency times Planck constant [1912]. 

 

Leonor Michaelis [Michaelis, Leonor] 

biologist 

Germany 

1913 

Kinetics of invertase activity [1913] 

He lived 1875 to 1940 and studied enzyme kinetics and analyzed enzyme-substrate complexes as chemical equilibria. 

 

Henry Norris Russell [Russell, Henry Norris] 

astronomer 

England 

1913 

He lived 1877 to 1057 and studied star classification and evolution (Hertzsprung-Russell diagram) [1913]. 

 

Henry M. Sheffer [Sheffer, Henry M.] 

mathematician 

USA 

1913 

Set of Five Independent Postulates for Boolean Algebras, with application to logical constants [1913] 

He lived 1883 to 1964. Elements {Sheffer stroke element} can equal "Not AND" and fire if either, but not both, of two 

input elements fire. Sheffer-stroke-element combinations can make OR element, AND element, and NOT element. 

Using many Sheffer stroke elements creates devices whose output fires if and only if most inputs fire. 

 

Arnold Sommerfield [Sommerfield, Arnold] 

physicist 

England 

1913 

He lived 1868 to 1951 and studied Bohr atom and elliptical electron orbits [1913]. 

 

Francis William Aston [Aston, Francis William] 

chemist 

England 

1913 to 1922 

Isotopes [1922] 

He lived 1877 to 1945 and studied isotopes [1913]. 

 

Niels Bohr [Bohr, Niels] 

physicist 

Denmark 

1913 to 1928 

He lived 1885 to 1962, studied electromagnetic radiation energies, and explained atomic spectra. Absorbed or emitted 

light has electron orbital-transition energies [1913]. Electron angular momentum is shell number times Planck constant 

divided by 2 * pi. Electron rotation frequencies have discrete values. He philosophized about waves and particle 

complementarity and invented Copenhagen quantum-mechanics interpretation [1928]. 

 

William Wilson [Wilson, William] 

physicist 

England 

1913 to 1932 

He lived 1875 to 1965 and studied Bohr atom [1913] and semiconductor average drift velocity per unit force [1932]. 



 

Maud Leonora Menten [Menten, Maud Leonora] 

biologist 

Canada 

1913 to 1944 

Michaelis-Menten equation [1913]; azo-dye method [1944: for alkaline phosphatase] 

She lived 1879 to 1960 and studied enzyme kinetics and analyzed enzyme-substrate complexes as chemical equilibria. 

 

Gustav Hertz [Hertz, Gustav] 

physicist 

Germany 

1914 

He lived 1887 to 1975 and studied photoelectric effect {Franck-Hertz effect}, with James Franck [1914]. 

 

sewage treatment 

inventor 

Manchester, England 

1914 

sewage treatment with bacteria [1914] 

Treating sewage {sewage treatment} began. 

 

Gino Fano [Fano, Gino] 

mathematician 

Turin, Italy 

1914 to 1930 

Lessons in Descriptive Geometry [1914]; Lessons in Analytical and Projective Geometry [1930: with Alessandro 

Terracini] 

He lived 1871 to 1952 and invented line and space axiomatic systems, building from points to lines to space. The three 

complete-quadrilateral diagonal points are never collinear {Fano's axiom}. 

 

Edwin Howard Armstrong [Armstrong, Edwin Howard] or Howard Armstrong [Armstrong, Howard] 

engineer/inventor 

USA 

1914 to 1933 

regenerative circuit [1914: amplification using positive feedback]; superheterodyne receiver [1918: signal waves and 

carrier wave have widely separated frequencies]; super-regenerative circuit [1922: for transmitting]; wide-band 

frequency modulation [1933: as opposed to narrow band] 

He lived 1890 to 1954. 

 

Frederick W. Twort [Twort, Frederick W.] 

biologist 

England 

1915 

bacteriophage discovered [1915] 

He lived 1877 to 1950. Félix d'Hérelle discovered it in 1917. 

 

Thoralf Skolem [Skolem, Thoralf]/Leopold Löwenheim [Löwenheim, Leopold] 

mathematician 

Norway/Germany 

1915 to 1920 

Skolem lived 1887 to 1963. Lowenheim lived 1878 to 1957. If countable sets have formal models, domain is countable 

{Löwenheim-Skolem theorem}, as proved by Löwenheim [1915] and Skolem [1920]. However, real numbers are not 

countable {Skolem paradox}. Models {nonstandard model} can have elements that are not countable. 

 

Emmy Noether [Noether, Emmy] or Amalie Noether [Noether, Amalie] 

mathematician 



Göttingen, Germany/USA 

1915 to 1921 

Ideal Theory in Ring-Fields [1921] 

She lived 1882 to 1935, studied invariance, and showed that symmetries relate to conservation laws [1915] {Noether's 

theorem, Noether}. She also studied rings [1921]. 

 

Stanislaw Lesniewski [Lesniewski, Stanislaw] 

logician 

Poland/Russia 

1916 

General Theory of Sets [1916] 

He lived 1886 to 1939 and invented definition theory. He helped develop quantum logic, based on equivalence 

{protothetic logic, Lesniewski}, abstract quantifiers {ontology logic, Lesniewski}, and part and whole relations 

{mereology, Lesniewski}. Logic is not about real world, only about statements. Wholes are not just sets or sums of 

parts, because parts relate. Because living things can replace parts, modal or temporal logic can maintain integrated 

wholes by maintaining relations among replaced parts. 

 

Hans Henning [Henning, Hans] 

biologist 

Germany 

1916 to 1924 

Smell [1916 and 1924]; Qualities of Tastes [1916]; New Example of Complex Synaesthesia [1923] 

He lived 1885 to 1946. He identified four bitter, salty, sour, and sweet primary tastes [1924], which he put at 

tetrahedron corners. He identified six primary smells [1916], which he put at prism corners. 

 

Willem de Sitter [de Sitter, Willem] 

physicist 

France 

1917 

He lived 1872 to 1934, used curved time coordinate (in which distant clocks can run slower or faster), and 

demonstrated how general relativity required expanding universe [1917]. With curved time coordinate, symmetrical 

space with no matter or energy can have constant positive curvature (attraction) {de-Sitter space} {de-Sitter space-

time}, with no expansion or contraction. (After universe origin, universe probably was like de-Sitter space.) 

With curved time coordinate, symmetrical space with no matter or energy can have constant negative curvature 

(repulsion) {anti-de-Sitter space} {anti-de-Sitter space-time}, with no expansion or contraction. In anti-de-Sitter space, 

object motions are harmonic. Space boundary is constant at infinity, but space radius depends on curvature and is finite. 

 

George Riddoch [Riddoch, George] 

neurologist 

Scotland 

1917 

He lived 1888 to 1947. He studied brain injuries [1917]. Blind patients, with V1 area damage, can consciously perceive 

fast moving highly contrasting stimuli {Riddoch syndrome}. 

 

D'Arcy Thompson [Thompson, D'Arcy] 

naturalist 

England 

1917 to 1940 

On Growth and Form [1917 and 1940] 

He lived 1860 to 1948. Dynamical forces and energies make a few main growth and development patterns and 

determine organism shapes. 

 

Joseph Lense [Lense, Joseph] 

physicist 

Austria 

1918 



He stated that relativity causes orbiting-particle orbit-plane precession around a rotating mass, because rotation and 

angular momentum couple [1918], with Hans Thirring. He studied Lense-Thirring effect, frame dragging, and 

gravitomagnetism. 

 

Hans Thirring [Thirring, Hans] 

physicist 

Austria 

1918 

He lived 1888 to 1976. He stated that relativity causes orbiting-particle orbit-plane precession around a rotating mass, 

because rotation and angular momentum couple [1918], with Joseph Lense. He studied Lense-Thirring effect, frame 

dragging, and gravitomagnetism. 

 

Alexander Friedmann [Friedmann, Alexander] 

physicist 

Germany 

1918 to 1922 

He lived 1888 to 1925 and mathematically demonstrated that general relativity required expanding universe [1918]. He 

imagined universes {Friedmann space-time} that had uniform matter and energy, expanded forever, were infinite, and 

had no boundary [1922]. Howard Robertson and Arthur G. Walker [1936] elaborated {Friedmann-Robertson-Walker 

space-time} {FRW universe}, because universe is like FRW universe. 

 

Charles Beebe [Beebe, Charles] 

biologist 

USA 

1918 to 1934 

Monograph of the Pheasants [1918 to 1922]; bathysphere [1934] 

He lived 1877 to 1962 and deep-sea dived. 

 

Hermann Weyl [Weyl, Hermann] 

mathematician 

Germany/USA 

1918 to 1952 

Continuum [1918]; Symmetry [1952] 

He lived 1885 to 1955, studied integral equations, helped develop intuitionism, and studied universe symmetries. 

Abstract objects exist only if they have predicative definitions {predicative theory, Weyl}. Predicative definition must 

be countable. 

 

Arthur Eddington [Eddington, Arthur] 

physicist 

England 

1919 

He lived 1882 to 1944 and led expedition to test Einstein's general-relativity theory [1919]. 

 

Salomon Henschen [Henschen, Salomon] 

biologist 

Uppsala, Sweden 

1919 

dyscalculia [1919] 

He lived 1847 to 1930. Occipital lobes have topological maps [1919]. People can lose ability to calculate but retain 

other abilities. 

 

Theodor Kaluza [Kaluza, Theodor] 

mathematician 

Poland 

1919 



He lived 1885 to 1954. If space has some tiny, curled-up spatial dimensions, besides the three long spatial dimensions, 

general relativity and electromagnetism can unify [1919]. 

 

European 1920 

mathematician 

Europe 

1920 

European mathematicians invented Students' t distribution, F distribution, chi-square distribution, variation coefficient, 

factor analysis, sequential analysis, estimation, unbiased estimate, and confidence interval. 

 

Max Born [Born, Max] 

physicist/chemist 

Germany/England 

1920 to 1926 

Albert Einstein's Theory of Relativity [1920] 

He lived 1882 to 1970 and studied time measurement, ion formation, and crystal energy. He contributed to matrix 

mechanics as quantum mechanics explanation and to electron probability waves [1925]. He developed the Born-

Oppenheimer relation between molecular rotation, vibration, and electronic structure [1926]. 

 

Emil Post [Post, Emil] 

mathematician 

USA 

1920 to 1936 

Introduction to a General Theory of Elementary Propositions [1920] 

He lived 1897 to 1954. Symbol strings can substitute other symbol strings {Post grammar, Post} {Post machine} 

[1936], to make formal systems. Start with long symbol string and substitute, using symbol-string precedence rules. 

Logic can be three-valued {many-valued logic}. Many-valued logic can use cyclic negation, so next truth-value negates 

previous one. Such systems include all finite-valued logics. Such logics can represent switching circuits with many 

inputs and/or outputs. 

 

Ronald Aylmer Fisher [Fisher, Ronald Aylmer] 

statistician/geneticist 

Scotland 

1920 to 1938 

Statistical Methods for Research Workers [1925]; Genetical Theory of Natural Selection [1930]; Design of 

Experiments [1935]; Statistical Tables for Biological, Agricultural, and Medical Research [1938] 

He lived 1890 to 1962. He developed statistical-significance methods {analysis of variance, Fisher} and Fisher 

experiment-design theory [1920]. Mendelian inheritance in large populations with great variety can result in gradual 

evolution, but blending inheritance does not work. Variation frequency varies inversely with variation magnitude. 

Natural selection can increase allele frequency. 

 

Herbert McLean Evans [Evans, Herbert McLean]/Joseph Abraham Long [Long, Joseph Abraham] 

biologist 

USA 

1921 

Evans lived 1882 to 1971. Long lived 1879 to 1953. They isolated human growth hormone [1921]. 

 

Otto Loewi [Loewi, Otto] 

biochemist 

Graz, Austria 

1921 

He lived 1873 to 1961, proved that neurotransmitters cross junction between nerve cells, using vagus nerve to heart, 

and so proved that synapses were chemical not electrical [1921], and studied acetylcholine chemical synapse. 

 

Felix A. Vening Meinesz [Meinesz, Felix A. Vening] 

geologist 



Netherlands 

1921 to 1937 

Meinesz pendulum 

He lived 1887 to 1966 and studied gravity. Strong negative isostatic anomalies {Meinesz belts} parallel deep-sea 

trenches [1921 to 1937]. Downbuckling results from compression between large, rigid crustal blocks. 

 

Stefan Banach [Banach, Stefan] 

mathematician 

Poland 

1922 

He lived 1892 to 1945 and studied functional analysis, projection theorem, triangle inequality, and adjoints. He 

invented Banach spaces, Hahn-Banach theorem [1922], and Banach algebra. 

 

Abraham Fraenkel [Fraenkel, Abraham] or Abraham Fränkel [Fränkel, Abraham] 

mathematician 

Germany 

1922 

He lived 1891 to 1965 and improved Zermelo-Fraenkel set theory [1922]. 

 

Hans Hahn [Hahn, Hans] 

mathematician 

Austria 

1922 

He lived 1879 to 1934 and invented Hahn-Banach theorem [1922]. 

 

Hugo Martin Tetrode [Tetrode, Hugo Martin] 

physicist 

Netherlands 

1922 

He lived 1895 to 1931. Schwarzschild, Tetrode [1922], and Fokker developed perfect absorption to renormalize 

Maxwell's equations. 

 

Johannes Brönsted [Brönsted, Johannes] 

chemist 

Germany 

1923 

He lived 1879 to 1947 and discussed acids as proton transfers [1923]. 

 

Arthur Compton [Compton, Arthur] 

physicist 

USA 

1923 

He lived 1892 to 1962 and found Compton radiation [1923]. 

 

Gilbert N. Lewis [Lewis, Gilbert N.] 

chemist 

USA 

1923 

He lived 1875 to 1946 and discussed acids as electron pair acceptors and invented Lewis structures [1923]. 

 

Hans Berger [Berger, Hans] 

psychiatrist 

Germany 

1924 

He lived 1873 to 1941 and invented electroencephalogram [1924]. Electrodes can measure scalp electrical potentials 

{electroencephalography, Berger}. Alpha waves are regular 10-Hz oscillations that happen when people relax and close 



their eyes. Beta waves are faster and less synchronous oscillations that replace alpha waves when people perform 

mental activity and keep their eyes open. 

 

S. N. Bose [Bose, S. N.] or Satyendra Nath Bose [Bose, Satyendra Nath] or Satyendranath Bose [Bose, 

Satyendranath] or Satyen Bose [Bose, Satyen] 

physicist 

India 

1924 

He lived 1894 to 1974 and developed Bose-Einstein statistics for bosons [1924]. 

 

Louis de Broglie [Broglie, Louis de] 

physicist 

France 

1924 

He lived 1892 to 1987. Matter has wave properties, all particles have associated waves, and electron orbits are 

resonating waves {theory of the double solution} [1924]. Momentum times wavelength equals Planck constant, so 

mass in motion has wavelength. 

 

Raymond Dart [Dart, Raymond] 

biologist 

South Africa 

1924 

He lived 1893 to 1988 and found Taung child, Australopithecus africanus [1924]. 

 

Samuel Goudsmit [Goudsmit, Samuel] 

physicist 

Netherlands/USA 

1925 

He lived 1902 to 1978 and measured electron spin [1925], with Uhlenbeck. 

 

Friedrich Hund [Hund, Friedrich] 

chemist 

Germany 

1925 

He lived 1896 to 1997 and invented Hund's orbital electron-spin rule [1925]. 

 

Pascual Jordan [Jordan, Pascual] 

physicist 

Germany 

1925 

He lived 1902 to 1980 and contributed to matrix mechanics as quantum-mechanics explanation [1925], with Max Born. 

 

Milutin Milankovich [Milankovich, Milutin] 

geologist 

Russia 

1925 

He lived 1879 to 1958. Earth-axis variation and atmospheric insulation caused ice ages [1925]. 

 

George Uhlenbeck [Uhlenbeck, George] 

physicist 

Netherlands/USA 

1925 

He lived 1900 to 1988 and measured electron spin [1925], with Goudsmit. Spectra require particle rotation {spin, 

Uhlenbeck}, which is angular-momentum component. Spin is required and intrinsic to some particles. 

 

Alfred James Lotka [Lotka, Alfred James] 



ecologist 

Italy 

1925 to 1926 

Elements of Physical Biology [1925] 

He lived 1880 to 1949. Mating, dying, or other-species effects cause predator-number and prey-number change rates 

{Lotka-Volterra differential equations, Lotka} [1926]. In ecosystems, predator and prey numbers can oscillate until 

reaching steady state, can continue to oscillate, or can become zero, so species is extinct. 

 

Edgar D. Adrian [Adrian, Edgar D.] 

doctor 

England 

1925 to 1928 

Basis of Sensation [1928] 

He lived 1889 to 1977 and recorded afferent-nerve impulses, with Lucas' capillary electrometer [1925]. Neurons use 

impulse-frequency modulation. 

 

Wolfgang Pauli [Pauli, Wolfgang] 

physicist 

Switzerland/Austria/USA 

1925 to 1930 

He lived 1900 to 1958, invented Pauli exclusion principle [1925], and predicted neutrinos [1930]. 

 

Leon Chwistek [Chwistek, Leon] 

mathematician 

Krakow, Poland 

1925 to 1935 

Problem of Reality [1935] 

He lived 1884 to 1937 and defined number. 

 

Edwin A. Abbott [Abbott, Edwin A.] or A. Square [Square, A.] 

mathematician 

England 

1926 

Flatland A Romance of Many Dimensions [1926] 

He lived 1838 to 1926. 

 

Robert H. Goddard [Goddard, Robert H.] 

inventor 

USA 

1926 

liquid fuel rocket [1926] 

He lived 1882 to 1945 {liquid fuel rocket}. 

 

Henry Head [Head, Henry] 

neurologist 

Britain 

1926 

Aphasia and Kindred Disorders of Speech [1926] 

He lived 1861 to 1940 and studied cerebral cortex and sensation. Cortical memory stores flexible experience 

representations {schema, Head}. 

 

Oskar Klein [Klein, Oskar] 

mathematician 

Sweden 

1926 

He lived 1894 to 1977 and invented Kaluza-Klein theory [1926]. 



 

Edwin P. Hubble [Hubble, Edwin P.] 

astronomer 

USA 

1926 to 1929 

He lived 1899 to 1953, discovered galaxies (nebula) and classified them [1926], and compared galaxy recessional 

velocities and distances to formulate Hubble's law [1929, with Milton L. Humason]. 

 

Werner Heisenberg [Heisenberg, Werner] 

physicist 

Germany 

1926 to 1930 

Physical Principles of the Quantum Theory [1930] 

He lived 1901 to 1976, invented theory of infinite matrices and matrix mechanics {S matrix theory} as quantum-

mechanics explanation [1926], and developed uncertainty principle [1927]. 

 

John Baird [Baird, John] 

inventor 

Scotland 

1926 to 1932 

mechanical television [1926]; mechanical color television [1932] 

He lived 1888 to 1946. 

 

John B. S. Haldane [Haldane, John B. S.] 

biologist 

England 

1926 to 1932 

Possible Worlds [1926]; Causes of Evolution [1932] 

He lived 1892 to 1964. In atmosphere or ocean, ultraviolet radiation, volcanic heat, lightning, and radioactive-nuclei 

ionizing radiation can make complex organic molecules from nitrogen, methane, ammonia, water, carbon dioxide, and 

hydrogen {Oparin-Haldane hypothesis, Haldane}. 

 

Pavel A. Cerenkov [Cerenkov, Pavel A.] 

physicist 

Russia 

1926 to 1934 

He lived 1904 to 1990 and discovered Cerenkov effect [1926] and Cerenkov radiation [1934]. 

 

Enrico Fermi [Fermi, Enrico] 

physicist 

Italy/USA 

1926 to 1942 

He lived 1901 to 1954, developed Fermi-Dirac statistics for fermions [1926], studied radioactive decay, and invented 

controlled chain reaction [1942]. 

 

Erwin Schrödinger [Schrödinger, Erwin] 

physicist 

Austria 

1926 to 1944 

Present situation in quantum mechanics [1935: Schrödinger's cat]; What Is Life? [1944]; Mind and Matter [1944] 

He lived 1887 to 1961 and invented Schrödinger wave equation [1926]. Schrödinger-equation WKBJ solution was 

later. 

 

Paul A. M. Dirac [Dirac, Paul A. M.] 

physicist 

England 



1926 to 1947 

Principles of Quantum Mechanics [1930 and 1947] 

He lived 1902 to 1984, developed Fermi-Dirac statistics for fermions [1926], invented Dirac equation for electron 

[1928], and developed relativistic quantum mechanics and relativistic wave equation [1931]. He showed how to 

subtract particle field, which becomes infinite at point, and leave surrounding field, if particle position, velocity, and 

acceleration have values. Many initial accelerations cause particles to accelerate continuously {runaway solutions}. 

 

Hermann J. Muller [Muller, Hermann J.] 

biologist 

USA 

1926 to 1951 

Development of the Gene Theory [1951] 

He lived 1890 to 1967. X-rays mutate fruitfly cells [1926]. Many mutations cause cancer [1951]. 

 

Aleksandr Ivanovich Oparin [Oparin, Aleksandr Ivanovich] 

biologist 

Russia 

1926 to 1960 

Origin of Life [1936] 

He lived 1894 to 1980. Glycerin molecules mixed with other molecules can clump together to make stable gel 

coascervates [1926]. Other molecules can enter, interact inside, and leave glycerin. In atmosphere or ocean, ultraviolet 

radiation, volcanic heat, lightning, and radioactive-nuclei ionizing radiation can make complex organic molecules from 

nitrogen, methane, ammonia, water, carbon dioxide, and hydrogen {Oparin-Haldane hypothesis}. 

 

Eugene Wigner [Wigner, Eugene] 

physicist 

Hungary/USA 

1926 to 1961 

He lived 1902 to 1995 and developed non-commuting observable-function theory [1926]. Consciousness causes 

wavefunction collapse [1961]. 

 

Clinton Davisson [Davisson, Clinton] 

physicist 

Germany 

1927 

He lived 1881 to 1958 and studied electron diffraction [1927], with Germer. 

 

Lester Germer [Germer, Lester] 

physicist 

Germany 

1927 

He lived 1896 to 1971 and studied electron diffraction [1927], with Davisson. 

 

Walter Heitler [Heitler, Walter] 

physicist 

Germany 

1927 

He lived 1904 to 1981 and helped invent Heitler-London hydrogen-molecule electronic-structure theory [1927]. 

 

Fritz London [London, Fritz] 

physicist 

Germany/USA 

1927 

He lived 1900 to 1954 and helped invent Heitler-London hydrogen-molecule electronic-structure theory [1927]. 

 

Warren Marrison [Marrison, Warren] 



inventor 

Canada/USA 

1927 

quartz clock [1927] 

He lived 1896 to 1980. 

 

Georges Lemaître [Lemaître, Georges] 

astronomer 

Belgium/England/USA 

1927 to 1931 

He lived 1894 to 1966 and used general relativity to show that universe is expanding [1927], conjecturing that it began 

as a point (Primeval Atom) [1931]. 

 

Percy William Bridgman [Bridgman, Percy William] 

physicist 

USA 

1927 to 1936 

Logic of Modern Physics [1927]; Dimensional Analysis [1927]; Nature of Physical Theory [1936] 

He lived 1882 to 1962. Scientific concepts relate to experiment methods {operationalism, Bridgman}. 

 

Alexander Fleming [Fleming, Alexander] 

biologist 

England 

1928 

He lived 1881 to 1955. Penicillin is antibacterial drug [1928]. 

 

Walter Rudolph Hess [Hess, Walter Rudolph] 

biologist 

Germany 

1928 

He lived 1881 to 1973. Hypothalamic stimulation causes emotions and controls internal organs [1928]. 

 

John von Neumann [Neumann, John von]/Eugene Wigner [Wigner, Eugene]/Pascual Jordan [Jordan, Pascual] 

physicist 

USA 

1928 to 1929 

Mathematical Foundation of Quantum Mechanics [1932: by John von Neumann] 

von Neumann lived 1903 to 1957. Wigner lived 1902 to 1995. They developed algebraic quantum-mechanics theory 

[1928 to 1929]. 

 

Hans Reichenbach [Reichenbach, Hans] 

logician 

Berlin, Germany 

1928 to 1951 

Philosophy of Space and Time [1928]; Rise of Scientific Philosophy [1951] 

He lived 1891 to 1953, studied analytic philosophy, and helped develop quantum logic. Spaces and times are relative. 

Probability depends on frequency. Induction depends on frequency. The geometry people use for universe is just 

conventional, not real, because instruments can systematically alter from expectations. 

 

Georg von Bekesy [Bekesy, Georg von] 

physicist/physiologist/linguist/inventor 

Hungary 

1928 to 1962 

Theory of Audition [1928 to 1932]; Experiments in Hearing [1962]; Bekesy audiometer 

He lived 1899 to 1972. Sound vibrations travel from one inner-ear basilar-membrane end toward the other [1928 to 

1932]. For sound frequencies, different membrane positions have maximum vibration. 



 

Adriaan Daniël Fokker [Fokker, Adriaan Daniël] 

physicist 

Germany 

1929 

He lived 1887 to 1972. Schwarzschild, Tetrode, and Fokker [1929] developed perfect absorption to renormalize 

Maxwell's equations. 

 

Otto Struve [Struve, Otto] 

astronomer 

Germany 

1929 

On the Axial Rotation of Stars [1929] 

He lived 1897 to 1963 and studied star rotations. 

 

Leo Szilard [Szilard, Leo] 

chemist 

USA 

1929 to 1933 

On the decrease of entropy in thermodynamic system by the intervention of intelligent beings [1929] 

He lived 1898 to 1964 and studied chain reactions [1933]. 

 

Robert Yerkes [Yerkes, Robert] 

biologist 

USA 

1929 to 1943 

He lived 1876 to 1956 and studied primates [1929 to 1943]. 

 

Joseph Wood Crutch [Crutch, Joseph Wood] 

naturalist 

USA 

1929 to 1954 

Modern Temper [1929]; Measure of Man [1954] 

He lived 1893 to 1970. 

 

Clarence I. Lewis [Lewis, Clarence I.] 

logician 

USA 

1929 to 1959 

Mind and the World Order [1929]; Symbolic Logic [1932: with Cooper H. Langford]; Analysis of Knowledge and 

Valuation [1946] 

He lived 1883 to 1964, helped develop modal or relevance logic, developed implication requiring necessity {strict 

implication, Lewis}, and studied phenomenalism. 

 

Arend Heyting [Heyting, Arend] 

mathematician 

England 

1930 

He lived 1898 to 1980 and helped develop quantum logic [1930]. 

 

Kurt Gödel [Gödel, Kurt] 

mathematician/logician 

Czech Republic/Slovakia/USA 

1930 to 1939 

On Formally Undecidable Propositions of Principia Mathematica and related systems [1931]; Consistency of the 

Axiom of Choice and of the Generalized Continuum-hypothesis with the Axioms of Set Theory [1940] 



He lived 1906 to 1978. First-order predicate calculus and first-order logic are complete [1930]. All formal arithmetic 

systems must be incomplete [1931]. For all formal and consistent arithmetic systems, at least one true arithmetic 

proposition cannot be formally decidable. Neither proposition nor negation has proof, so arithmetic system is 

incomplete {Gödel's first incompleteness theorem}. Propositions are statements about numbers. Propositions have 

Gödel-number codes. Systems have propositions about propositions, and at least one such statement is not provable, 

because proofs use self-referential number statements. Therefore, it is impossible to prove system consistency using 

arithmetic. 

Formal or logical systems are logically equivalent to recursively definable functions and arithmetic systems. 

Computing machines embody such functions. Therefore, machines can never prove their consistency or completeness. 

The continuum hypothesis is consistent with basic set-theory axioms [1938 to 1939]. 

#*********  Epistemology 

Definitions can specify class elements and their relations, and relations can make new elements {recursive definition}. 

Mathematical objects and concepts are real and separate from mind. People know fundamental mathematical truths by 

intuition. 

 

Hermann Schmidt [Schmidt, Hermann] 

engineer 

Germany 

1930 to 1939 

He lived 1894 to 1968 and worked on control and feedback [1930 to 1939]. First, people provided goals, energy, and 

control for primitive tools like ax. Next, machines provided energy, and people provided goals and monitored 

machines. Now, people provide goals, and machines provide energy and control. In the future, machines will determine 

their goals. 

 

Karl Spencer Lashley [Lashley, Karl Spencer] 

neuropsychologist 

USA 

1930 to 1956 

Brain Mechanisms and Intelligence [1930]; Functional Determinants of Cerebral Localization [1937]; Cerebral 

Organization and Behavior [1956] 

He lived 1890 to 1958 and studied cerebral-cortex lesion effects on intelligence, rat maze learning [1920 to 1930], and 

mass-action law [Lashley, 1956]. 

 

Raymond Dodge [Dodge, Raymond] 

psychologist 

USA 

1931 

Conditions and Consequences of Human Variability [1931] 

He lived 1871 to 1942 and studied human variation. 

 

Karl Jansky [Jansky, Karl] 

astronomer 

USA 

1931 

He lived 1905 to 1950 and started radio astronomy [1931]. 

 

Bernhard Schmidt [Schmidt, Bernhard] 

astronomer/inventor 

Estonia/Germany 

1931 

Schmidt telescope [1931] 

He lived 1879 to 1935 and invented Schmidt telescope [1931]. 

 

Cornelius B. Van Niel [Van Niel, Cornelius B.] 

biologist 

USA 



1931 

He lived 1897 to 1985 and studied anaerobic photosynthesis [1931]. 

 

Harold Urey [Urey, Harold] 

geologist 

USA 

1931 to 1952 

He lived 1893 to 1981 and studied life's origin [1952] and ocean temperature variation [1931]. 

 

Sewall Wright [Wright, Sewall] 

biologist 

England 

1931 to 1978 

Evolution in Mendelian Populations [1931]; Evolution and the Genetics of Populations [1978] 

He lived 1889 to 1988 and discovered genetic drift. Species arise randomly even within clade that has evolutionary 

direction {Wright's rule}. Selection changes allele frequencies. 

 

Carl Anderson [Anderson, Carl] 

physicist 

USA 

1932 

He lived 1905 to 1991 and found anti-electron or positron [1932]. 

 

Erich Hückel [Hückel, Erich] 

physicist 

Germany 

1932 

He lived 1896 to 1980 and invented Debye-Hückel theory [1932]. 

 

Ettore Majorana [Majorana, Ettore] 

physicist 

Italy 

1932 

He lived 1906 to 1938 and showed how Riemann sphere can designate n - 1 independent unordered spatial spin 

directions for a particle with spin 0.5 * n, with no opposite directions [1932]. Quantum mechanically, particle spins 

about many spatial axes simultaneously. However, large particle collections spin around one axis. It is not clear how 

collective spin is sum of particle spins and thus depends on wavefunction superpositions. Only wavefunction reduction 

eliminates other possibilities. 

 

Edward Arthur Milne [Milne, Edward Arthur] 

physicist 

England 

1932 

He lived 1896 to 1950 and developed kinematic relativity theory [1932]. 

 

Sergei Lvovich Sobolev [Sobolev, Sergei Lvovich] 

mathematician 

Russia 

1932 to 1939 

He lived 1920 to 1990 and developed generalized-function spaces [1932]. 

 

J. Robert Oppenheimer [Oppenheimer, J. Robert] 

physicist 

USA 

1932 to 1945 



He lived 1904 to 1967 and developed the Born-Oppenheimer relation between molecular rotation, vibration, and 

electronic structure [1932]. He and Hartland Snyder used general relativity to describe black holes [1939]. He and G. 

M. Volkov found mass limit {Landau-Oppenheimer-Volkov limit, Oppenheimer} for making black holes instead of 

neutron stars, 2.5 times Sun mass [1939]. He led Manhattan Project [1945]. 

 

John von Neumann [Neumann, John von] 

inventor 

Hungary/USA 

1932 to 1946 

EDVAC electronic digital computer design [1946] 

He lived 1903 to 1957. He showed that entanglement and non-locality do not send information faster than light speed 

[1932]. 

 

Linus Pauling [Pauling, Linus] 

chemist 

USA 

1932 to 1951 

He lived 1901 to 1994 and studied electronegativity [1932] and protein structure [1951]. 

 

Julian Huxley [Huxley, Julian] 

biologist 

England 

1932 to 1953 

Problems of Relative Growth [1932]; Evolution, the Modern Synthesis [1942]; Evolution in Action [1953] 

He lived 1887 to 1975 and developed cladistics. Organism characteristics are clade units that determine classes and 

hierarchies. Organisms have homologies, and cladogram nodes represent shared homologies. Cladistics can use 

property absences. 

 

Jerzy Neyman [Neyman, Jerzy] 

mathematician 

USA 

1933 

He lived 1894 to 1981 and invented Neyman-Pearson hypothesis-testing theory [1933]. 

 

Lars Onsager [Onsager, Lars] 

physicist 

Norway/USA 

1933 

He lived 1903 to 1976 and studied irreversible thermodynamics [1933]. He symmetrically related non-equilibrium-

system forward and backward molecular processes {reciprocity relation}, such as osmosis and reverse osmosis or 

heating and thermocoupling. 

 

Karl Pearson [Pearson, Karl] 

mathematician 

USA 

1933 

He lived 1857 to 1936 and invented Neyman-Pearson hypothesis-testing theory [1933]. 

 

Lionel Sharples Penrose [Penrose, Lionel Sharples] 

physician 

Britain 

1933 

Biology of Mental Defect [1933] 

He lived 1898 to 1972 and studied mental deficiency and genetics of Down's syndrome and epiloia or tuberous 

sclerosis. Maternal age increases children's Down's syndrome, but paternal age does not. Subnormality is not 

qualitatively different than normal intelligence. Mental deficiency has many factors and causes, and people can perform 



well on some factors. Mental deficiency is more common in parents and relatives of people with IQ 50 or above than it 

is in parents of people with IQ lower than 50. 

 

Francis Bitter [Bitter, Francis] 

physicist 

USA 

1933 to 1936 

He lived 1902 to 1967 and studied magnetism, developing resistive magnets [1933 to 1936] of stacked copper plates 

{Bitter plate}. 

 

Fritz Zwicky [Zwicky, Fritz] 

astronomer 

Germany 

1933 to 1937 

He lived 1898 to 1974. Coma-cluster galaxies move so fast that the cluster would dissipate, so there must be more mass 

there [1933]. Gravitational lensing can test relativity, magnify distant objects, and find missing matter [1937]. 

 

Louis Flexner [Flexner, Louis] 

biologist 

USA 

1933 to 1963 

Some problems of the origin, circulation, and absorption of the cerebrospinal fluid [1933]; Chemistry and Nature of the 

Cerebrospinal Fluid [1934]; Memory in mice as affected by intracerebral puromycin [1963: with J. B. Flexner and E. 

Stellar] 

He lived 1902 to 1996. Long-term memory needs protein synthesis. 

 

Andrei N. Kolmogorov [Kolmogorov, Andrei N.] 

mathematician 

Russia 

1933 to 1965 

Foundations of Probability [1933]; General theory of dynamical systems and classical mechanics [1954] 

He lived 1903 to 1987, invented Kolmogorov probability, and developed measure theory [1965]. System-complexity 

measures {algorithmic complexity, Kolmogorov} {Kolmogorov complexity, Kolmogorov} {algorithmic information 

content, Kolmogorov} can be number of bits for smallest program that can run on universal Turing machines and 

produce same output. In turbulence, low frequencies transfer energy to higher frequencies throughout fluid. 

 

William Beebe [Beebe, William] 

geologist 

USA 

1934 

He lived 1877 to 1962 and went 1000 meters below sea level in bathysphere [1934]. 

 

Stanislaw Jaskowski [Jaskowski, Stanislaw] 

mathematician 

Poland 

1934 to 1936 

He lived 1906 to 1965 and invented natural deduction and worked with infinite-valued logic [1934 to 1936]. 

 

George Wald [Wald, George] 

biologist 

USA 

1934 to 1954 

Original Life [1954] 

He lived 1906 to 1997, studied life's origin, and studied found retina vitamin A [1934]. 

 

Roger Tory Peterson [Peterson, Roger Tory] 



biologist 

USA 

1934 to 1980 

Field Guide to the Birds [1934 to 1980] 

He lived 1908 to 1996 and studied birds. 

 

James Chadwick [Chadwick, James] 

physicist 

England 

1935 

He lived 1891 to 1974 and studied electrons [1935]. 

 

Gerhard Gentzen [Gentzen, Gerhard] 

logician 

Germany 

1935 

He lived 1909 to 1945. He developed formal first-order logic {natural deduction, Gentzen} [1935], which only assumes 

inference laws. One rule uses premises and operator to make compound statement {introduction rule, Gentzen}. 

Another rule uses compound statement and statement to make statement. Statements depend on simple and compound 

sequent statements. Sequent-calculus proofs can be truth-trees or truth-tables {cut elimination theorem, Gentzen}, 

which eliminate formulas. Natural deduction led to proof theory. 

 

Almeida Lima [Lima, Almeida] 

surgeon 

Spain 

1935 

He performed prefrontal lobe leucotomy to cure chronic anxiety, depression with suicide risk, and obsessive-

compulsive disorder [1935]. 

 

Egas Moniz [Moniz, Egas] 

neurologist 

Portugal 

1935 

He lived 1875 to 1955 and started frontal lobotomy for mental illness [1935]. 

 

Hideki Yukawa [Yukawa, Hideki] 

physicist 

Japan 

1935 

He lived 1907 to 1981 and discovered pion [1935]. 

 

Alfred Tarski [Tarski, Alfred] 

logician/mathematician 

Poland/USA 

1935 to 1983 

Concept of Truth in Formalized Languages [1933]; On the Concept of Logical Consequence [1936]; Introduction to 

Logic and to the Methodology of Deductive Science [1937]; Semantic Conception of Truth [1944]; Undecidable 

Theories [1953]; Axiomatic Method: with special reference to geometry and physics [1957]; Equational logic and 

equational theories of algebra [1968]; Logic, Semantics and Metamathematics [1983] 

He lived 1902 to 1983, founded modern logical theory, studied part and whole relations {mereology, Tarski}, helped 

develop quantum logic, and invented Banach-Tarski theorem. 

Convention establishes basic-linguistic-element use and meaning {basic vocabulary}, which can construct complex 

term and sentence meanings {compositional semantics} {recursive semantics}. 

Formal languages have consistent syntax, in which sentences form correctly or not. Formal language uses objects to 

replace language variables and predicates to replace language functions {interpretation, Tarski}. Truth is about 

interpretation {semantic theory of truth}. Determining truth requires defining what constitutes satisfying interpretation 



{satisfaction, Tarski}, which requires metalanguage {Tarski's theorem}. Formal languages have true interpretations 

{model, Tarski}. Premise sets can be models. If premise model is sentence model, sentences are premise-set 

consequences {theory of logical consequence} {logical consequence theory}. 

For two sentence systems, sentences in one system can derive from sentences in other system {equipollence, Tarski}. 

 

Henry Dale [Dale, Henry] 

physiologist 

England 

1936 

He lived 1875 to 1968 and studied chemical synapses [1936]. 

 

Kurt Grelling [Grelling, Kurt] 

philosopher 

Germany/England 

1936 

Logical Paradoxes [1936] 

He lived 1886 to 1941. Self-applicable can mean thing expresses property that it has. Self-applicable can mean 

expression applies to itself. If heterological means not-self-applicable, then heterological is both self-applicable and 

not-self-applicable {Grelling's paradox} {Weyl's paradox}. 

 

Theodosius Dobzhansky [Dobzhansky, Theodosius] 

biologist 

USA 

1937 

Genetics and the Origin of Species [1937] 

He lived 1900 to 1975 and studied evolutionary theory. 

 

Grote Reber [Reber, Grote] 

astronomer 

Germany 

1937 

He lived 1911 to 2002 and studied radio galaxies using his invention, the radio telescope [1937]. 

 

John Archibald Wheeler [Wheeler, John Archibald] 

physicist 

USA 

1937 to 1949 

He lived 1911 to ?, studied S-matrix theory [1937], and invented Wheeler-Feynman absorption theory [1949]. Perhaps, 

universe {participatory universe} stayed in superposed quantum states until consciousness arose and determined states 

that led to consciousness. 

 

Alan Mathison Turing [Turing, Alan Mathison] 

mathematician 

Britain 

1937 to 1950 

On Computable Numbers with an Application to the Entscheidungs Problem [1937]; Computing Machinery and 

Intelligence [1950] 

He lived 1912 to 1954 and developed Turing test for intelligence. He developed a code-breaking machine {electronic 

cryptanalytic machine}, which was the first programmed computer {Colossus computer}. Fixed definite processes 

{algorithm, Turing} {recursive procedure, Turing} or trial-and-error procedure {heuristic procedure} can solve 

mathematical problems. Turing machines programmed to perform procedures can solve problems. Universal Turing 

machines can define all possible operations and solve general problems. Algorithms and heuristics cannot solve some 

mathematical problems, so machines cannot solve them [Turing, 1950]. 

 

Alan Hodgkin [Hodgkin, Alan]/Andrew F. Huxley [Huxley, Andrew F.] 

biochemist 



England 

1937 to 1952 

Currents carried by sodium and potassium ions [1952] 

Hodgkin lived 1914 to 1998. Huxley lived 1917 to ?. They used squid giant axons to prove that ions flow across 

membrane rather than down axon {local circuit hypothesis, Hodgkin}, by locally increasing and decreasing 

extracellular-fluid conductivity [1937]. Sodium ions have ion channels, and potassium ions have separate ion channels. 

During action potentials, membranes are first more permeable to sodium ions, flowing in, and then potassium ions, 

flowing out, so potential becomes negative {Hodgkin-Huxley theory} [1952]. 

 

Hans Krebs [Krebs, Hans] 

biologist 

England 

1937 to 1957 

Energy Transformation in Living Matter [1957: with Hans Kornberg] 

He lived 1900 to 1981 and studied tricarboxylic carbohydrate cycle [1937]. 

 

George Gamow [Gamow, George] 

astronomer 

USA 

1937 to 1966 

Mr. Tompkins in Wonderland [1937]; One Two Three ... Infinity [1950]; Thirty Years That Shook Physics [1966] 

He lived 1904 to 1968, predicted microwave background radiation [1948], and calculated helium and lithium 

production from hydrogen just after universe origin. He expanded Big-Bang theory, with Ralph Alpher, Robert 

Hermann, and James Follin. 

 

Pyotr Leonidovich Kapitsa [Kapitsa, Pyotr Leonidovich] 

physicist 

Russia 

1938 

He lived 1894 to 1984 and discovered helium-4 superfluidity [1938]. 

 

Carl Friedrich von Weizsäcker [Weizsäcker, Carl Friedrich von] 

physicist 

Germany/USA 

1938 to 1939 

Unity of Nature [1939] 

He lived 1912 to and invented a star-evolution theory [1938]. 

 

Salvatore Luria [Luria, Salvatore] 

biologist 

USA 

1938 to 1965 

He lived 1912 to 1991 and studied enzymes [1938 to 1965]. 

 

Wilder Graves Penfield [Penfield, Wilder Graves] 

neurosurgeon 

Canada 

1938 to 1975 

Cerebral Cortex of Man [1950: with Theodore B. Rasmussen]; Epilepsy and the Functional Anatomy of the Human 

Brain [1954: with H. Jasper]; Mystery of the Mind [1975] 

He lived 1891 to 1976, studied local epilepsy, found epileptic brain-lesion locations and extents [1938], and surgically 

treated local epilepsy. He electrically stimulated brains to find regions needed for language, but he also elicited images 

and sensations, which are same dream-like sensations that patients experience when epileptic [Penfield, 1975] [Penfield 

and Perot, 1963]. Removing tissue did not delete sensation. 

 

Nicholas Bourbaki [Bourbaki, Nicholas] 



mathematics group 

France 

1939 

Elements of Mathematics [1939] 

Mathematicians, including Claude Chevalley, André Weil, Henri Cartan, and Jean Dieudonné, studied modern-

mathematics foundations. 

 

Lise Meitner [Meitner, Lise] 

physicist 

Austria 

1939 

She lived 1878 to 1968 and described nuclear fission [1939] with Otto Frisch. 

 

Hans Bethe [Bethe, Hans] 

physicist/inventor 

USA/Chicago, Illinois 

1939 to 1942 

controlled fission of uranium [1942] 

He lived 1906 to 2005 and described carbon-nitrogen and proton-proton nuclear-fusion cycles [1939]. 

 

Abraham Wald [Wald, Abraham] 

mathematician 

Hungary/USA 

1939 to 1947 

Sequential Analysis [1947] 

He lived 1902 to 1950, studied statistical decision problem, and used minimax [1939]. 

 

Conrad H. Waddington [Waddington, Conrad H.] 

biologist 

England 

1939 to 1978 

Introduction to Modern Genetics [1939] 

He lived 1905 to 1975 and studied evolution [1939]. 

 

Subramanyan Chandrasekhar [Chandrasekhar, Subramanyan] 

astronomer 

India 

1939 to 1987 

Introduction to the Study of Stellar Structures [1939]; Truth and Beauty: Aesthetics and Motivations in Science [1987] 

He lived 1911 to 1995 and stated mass limit for making neutron star instead of white-dwarf star, 1.4 times solar mass 

(Chandrasekhar limit). 

 

European 1940 

mathematician 

Europe 

1940 

European mathematicians studied operations research, linear programming, simplex method, marginal value principle, 

formal languages, algorithms, and decision problem. 

 

Richard Goldschmidt [Goldschmidt, Richard] 

biologist 

Germany/USA 

1940 

Material Basis of Evolution [1940] 

He lived 1878 to 1958 and studied gypsy moths. Genes {rate gene} can control rates and regulate other genes. 

 



Richard V. Southwell [Southwell, Richard V.] 

mathematician 

England 

1940 to 1952 

Relaxation Methods in Engineering Science [1940 and 1952] 

He lived 1888 to 1970 and solved differential equations by substituting algebraic equations {relaxation method, 

Southwell}. 

 

Karl Ritter von Frisch [von Frisch, Karl Ritter] 

ethologist 

Austria/USA 

1940 to 1974 

Bees: Their Vision, Chemical Senses, and Language [1950]; Animal Architecture [1974] 

He lived 1886 to 1983. Fish can have color vision and can hear. Special honeybees {scout honeybee} convey 

information about food-source direction and distance by performing symbolic dances after they return to hive floor. 

Bee determines direction in reference to Sun or to sky light-polarization angle, detectable by bee compound eye. 

Dances have a symmetry line, which indicates food-source direction. Dance kinds and speeds indicate food-source 

distance: slow and round for near and fast, and waggly for far. 

 

George Beadle [Beadle, George] 

biologist 

USA 

1941 

Genetic Control of Biochemical Reactions in Neurospora [1941: with Edward L. Tatum] 

He lived 1903 to 1989. One gene makes one protein [1941]. 

 

Richard von Mises [Mises, Richard von] 

physicist 

Ukraine/USA 

1941 

He lived 1883 to 1953 and developed measure theory [1941]. 

 

Edward Tatum [Tatum, Edward] 

biologist 

USA 

1941 

Genetic Control of Biochemical Reactions in Neurospora [1941: with George Beadle] 

He lived 1909 to 1975. One gene makes one protein. 

 

Alonzo Church [Church, Alonzo] 

mathematician 

USA 

1941 to 1956 

Calculi of Lambda-Conversion [1941]; Introduction to Mathematical Logic [1944 and 1956] 

He lived 1903 to 1995, studied denotation, and helped develop quantum logic. Symbol strings can represent numbers 

and functions. Using functions on input function and data strings makes output function and data strings {lambda 

calculus, Church}. Lambda acts on variable or function, or variable and function combination, which is second-

function dummy variable: lambda(x(f(x))) = f, lambda(x(f(x)))(a) = f(a), lambda(f(f(f(x)))) = 

lambda(f(lambda(x)(f(f(x))))) = lambda(f(x)(f(f(x)))). This expression is a function and precedes a value, which 

substitutes into function. In particular, after lambda, expressions can have variable zero times, function of variable one 

time, function of function of variable two times, and so on: 0 = lambda(f(x)(x)), 1 = lambda(f(x)(f(x))), 2 = 

lambda(f(x)(f(f(x)))). Function of function equals lambda and function of function {abstraction, lambda calculus}: 

f(f(x)) = lambda(x)(f(f(x))). Really, symbols are functions. Lambda calculus represents recursion, iteration, and 

algorithm loops. Recursive functions can be equation sets. Recursive functions are computable {Church's theorem}. 

Functions are computable if they are recursive {Church's thesis, recursion}. Recursive functions can be lambda 



calculus. Lambda calculus is equivalent to Post grammar and Turing machine and so can express all algorithms. LISP 

computer language depends on lambda calculus. 

#*********  Epistemology 

Formal systems can prove most theorems {effectively calculable} {computability}. Lambda calculus shows that it is 

impossible to prove some valid theorems in most formal systems, including arithmetic. 

 

Alfred Landé [Landé, Alfred] 

physicist 

USA 

1941 to 1956 

He lived 1888 to 1976 and developed unitary particle interpretation [1941 to 1956]. 

 

Werner von Braun [von Braun, Werner] 

physicist/inventor 

Germany/USA 

1942 

rocket [1942] 

He lived 1912 to 1977 and developed rockets [1942]. 

 

Norbert Wiener [Wiener, Norbert] 

mathematician 

USA 

1942 to 1958 

Cybernetics or Control and Communication in the Animal and the Machine [1942 and 1947]; Human Use of Human 

Beings [1950]; Nonlinear Problems in Random Theory [1958] 

He lived 1894 to 1964 and studied non-linear problems. He developed animal and machine control and communication 

theory {cybernetics, Wiener} and feedback-using self-regulating system theory. He helped develop artificial limbs. He 

studied automata {logical net}, information theory, and principles involved in communication between sources and 

sinks. 

#*********  Epistemology 

Information has encoding, transmission, and decoding. A possibly noisy channel transmits information. Channel has 

information capacity. The same information can use different codes, one of which can be optimum. 

 

Ernst Mayr [Mayr, Ernst] 

biologist 

USA 

1942 to 1988 

Systematics and the Origin of Species [1942]; Evolution and the Diversity of Life [1976]; Toward a New Philosophy of 

Biology [1988] 

He lived 1904 to 2005 and examined differences between historical and non-historical sciences. New species result 

from variety geographic isolation {allopatry, Mayr} [1960 to 1970], rather than arising in same location {sympatry, 

Mayr}. 

 

Oswald Avery [Avery, Oswald] 

biologist 

USA 

1943 to 1944 

He lived 1877 to 1955. DNA transfers from cell to cell in chromosomes. DNA contains gene information to transform 

cells. He studied pneumococcus deadly S strain, with smooth surface, and mild R strain, with rough surface. 

 

Warren Sturgis McCulloch [McCulloch, Warren Sturgis] 

neurophysiologist 

USA 

1943 to 1959 



Logical Calculus of the Ideas Immanent in Nervous Activity [1943: with Pitts]; How We Know Universals: the 

Perception of Visual and Auditory Forms [1947: with Pitts]; What the Frog's Eye Tells the Frog's Brain [1959: with 

Maturana, Lettvin, and Pitts] 

He lived 1899 to 1972 and studied chimpanzee isocortex. He invented Perceptrons, with Walter H. Pitts. Neuron model 

sends unit output if input is above threshold. Finite device combinations, including loops, can perform any algorithm. 

Neural networks can recognize figures, so any input feature from figure produces same output. Reliable neural 

networks can come from unreliable components using redundancy. 

 

Howard Aiken [Aiken, Howard] 

inventor 

USA 

1944 

Mark I digital computer [1944] 

He lived 1900 to 1973. 

 

John V. Atanasoff [Atanasoff, John V.]/John Mauchly [Mauchly, John]/J. Presper Eckert [Eckert, J. Presper] 

inventor 

USA 

1944 

ENIAC digital computer [1944] 

Atanasoff lived 1904 to 1995. Mauchly lived 1907 to 1980. Eckert lived 1919 to 1995. 

 

Oskar Morgenstern [Morgenstern, Oskar] 

mathematician 

USA 

1944 

Theory of Games and Economic Behavior [1944: with John von Neumann] 

He lived 1902 to 1977 and studied game theory, competition, and cooperation. 

 

Carl Seyfert [Seyfert, Carl] 

astronomer 

USA 

1944 

He lived 1911 to 1960 and found Seyfert galaxies [1944]. 

 

V-2 

rocket 

England/Belgium 

1944 

Rocket bombed London and Antwerp from Germany. 

 

John von Neumann [Neumann, John von] 

mathematician 

Germany/USA 

1944 to 1958 

Theory of Games and Economic Behavior [1944 and 1953: with Oskar Morgenstern]; Probabilistic Logics [1952]; 

Mathematical Foundations of Quantum Mechanics [1932]; Computer and the Brain [1958] 

He lived 1903 to 1957. 

In logic, he studied empirical logic, logic with uncertainty, error, and logical-net errors and helped develop quantum 

logic, with Birkhoff and Mackey. 

In computing, he studied linear programming and electronic digital-computer theory and developed first digital 

computer [1946], called ENIAC. Multiple connections between elements allow system to operate, even if some units 

fail {multiplexing, Neumann}. Multiple lines can provide multiplexing. 

In biology, he studied finite automata as central-nervous-system models. 

In geometry, he showed how to use general eigenvalue theory for axiomatic Hilbert spaces and operators. 



In game theory, he studied zero-sum games, strategy, Colonel Blotto game, minimax theorem, utility function, 

prisoner's dilemma, competition, and cooperation. Game theory involves decision-making when conditions are 

uncertain. 

Set theory does not allow sets {paradoxical set, Neumann} to be their own elements {Foundation axiom, Neumann}. 

 

George Gaylord Simpson [Simpson, George Gaylord] 

biologist 

USA 

1944 to 1964 

Tempo and Mode in Evolution [1944]; Meaning of Evolution [1949]; Major Features of Evolution [1953]; Principles of 

Animal Taxonomy [1961]; This View of Life [1964] 

He lived 1902 to 1984. DNA transfers from cell to cell in chromosomes. DNA contains information to transform cells. 

 

Philip Morrison [Morrison, Philip] 

physicist 

USA 

1945 

He lived 1915 to 2005 and built atomic bomb [1945]. 

 

Victor Weisskopf [Weisskopf, Victor] 

physicist 

Austria/USA 

1945 

He lived 1908 to 2002 and built atomic bomb [1945]. 

 

Jerome Weissner [Weissner, Jerome] 

physicist 

USA 

1945 

He lived 1915 to 1994 and worked on atomic bomb [1945]. 

 

Laurent Schwartz [Schwartz, Laurent] 

mathematician 

Germany 

1945 to 1950 

He lived 1915 to 2002, developed distribution theory {theory of distributions}, and developed generalized-function 

theory, allowing discontinuous-function derivatives [1945 to 1950]. 

 

Mary Cartwright [Cartwright, Mary]/John Littlewood [Littlewood, John] 

mathematician 

England 

1946 

She lived 1900 to 1998. For non-linear radio amplifiers, equations {Van der Pol equation} can calculate output for sine-

wave input. At higher amplifier gains, output period doubles input period and then becomes non-periodic. Van-der-Pol-

equation solutions were early chaos-theory ideas. 

 

Loren Eiseley [Eiseley, Loren] 

biologist 

USA 

1946 

Immense Journey [1946] 

He lived 1907 to 1977 and studied ecology. 

 

Dennis Gabor [Gabor, Dennis] 

physicist/inventor 

USA 



1946 

Theory of Communication [1946]; hologram [1946] 

He lived 1900 to 1979 and invented holograms and Gabor filter [1946]. Instruments cannot measure both frequency 

and time precisely and simultaneously. Impulses happen at precise times, but impulses have wide component-frequency 

range. For one frequency, wave cycle happens over wave period. The tradeoff defines the minimum information 

quantity {quantum, information}. 

 

Benjamin Spock [Spock, Benjamin] 

doctor 

USA 

1946 

Baby and Child Care [1946] 

He lived 1903 to 1998. 

 

Bernard Vonnegut [Vonnegut, Bernard] 

geologist/inventor 

USA 

1946 

cloud seeding [1946] 

He lived 1914 to 1997 and started cloud seeding [1946] with silver iodide for more rain {cloud seeding}. 

 

Willis E. Lamb Jr. [Lamb Jr., Willis E.]/Robert C. Retherford [Retherford, Robert C.] 

physicist 

England 

1947 

Lamb shift [1947] 

They discovered electron Lamb shift [1947]. 

 

Harrison Brown [Brown, Harrison] 

astronomer/earth scientist 

USA 

1947 to 1953 

He lived 1917 to 1986 and studied meteorites [1947 to 1953]. 

 

Nicholas A. Bernstein [Bernstein, Nicholas A.] 

physiologist 

Russia 

1947 to 1966 

On the Construction of Movements [1947]; Coordination and Regulation of Movements [1967] 

He lived 1896 to 1966 and developed sensation fields {afferent field, Bernstein}. He studied feedback and feedforward 

mechanisms. He studied human coordination and movement physiology by photographing lights fastened to arms and 

legs. Human movements have patterns and structures, and people maintain basic patterns no matter which organ or 

limb they use [Bernstein, 1947]. 

 

Hermann Bondi [Bondi, Hermann] 

physicist 

Germany 

1948 

He lived 1919 to ? and invented universe steady-state theory [1948], with Hoyle and Gold. 

 

Hendrik B. G. Casimir [Casimir, Hendrik B. G.] 

physicist 

Netherlands 

1948 

He lived 1909 to 2000 and found Casimir effect [1948]. 

 



Harold Lyons [Lyons, Harold] 

inventor 

USA 

1948 

atomic clock [1948] 

He lived 1913 to ?. 

 

Claude Shannon [Shannon, Claude] 

mathematician 

USA 

1948 

Mathematical Theory of Communication [1948] 

He lived 1916 to 2001 and founded information theory and studied transition probabilities. 

 

An Wang [Wang, An] 

inventor 

USA 

1948 

magnetic core memory [1948] 

He lived 1920 to 1990. Jay Forrester also developed magnetic core memory [1951]. 

 

Bernard Katz [Katz, Bernard] 

biologist 

England 

1948 to 1949 

He lived 1911 to 2003. Action potentials open calcium-ion channels, and calcium inflow leads to release of 5000-

transmitter-molecule packets from synaptic vesicles into synapse. 

 

Alfred C. Kinsey [Kinsey, Alfred C.]/Wardell B. Pomeroy [Pomeroy, Wardell B.]/Clyde E. Martin [Martin, 

Clyde E.] 

physician 

USA 

1948 to 1954 

Sexual Behavior in the Human Male [1948]; Sexual Behavior in the Human Female [1954] 

Kinsey lived 1894 to 1956. Pomeroy lived 1913 to 2001. Martin lived 1918 to ?. They studied sexual physiology and 

behavior. 

 

Richard Feynman [Feynman, Richard] 

physicist/mathematician 

USA 

1948 to 1965 

Feynman Lectures on Physics [1963]; Character of Physical Law [1965]; QED: the strange theory of light and matter 

[1985] 

He lived 1918 to 1988 and developed quantum electrodynamics [1948], renormalization group theory [1948], and path 

integral theory [1948]. 

 

Trofim Lysenko [Lysenko, Trofim] 

biologist 

Russia 

1948 to 1965 

He lived 1898 to 1976 and opposed evolution by natural selection. 

 

John Cade [Cade, John] 

biologist 

Australia 

1949 



He lived 1912 to 1980 and used lithium carbonate to treat mania [1949]. 

 

William F. Giauque [Giauque, William F.] 

physicist 

USA 

1949 

He lived 1895 to 1982 and studied cryogenics [1949]. 

 

Jacob Rabinow [Rabinow, Jacob] 

inventor 

USA 

1949 

magnetorheological fluid [1949] 

He lived 1910 to 1999. Oil with iron filings {magnetorheological fluid, Rabinow} can turn solid in magnetic fields 

[1949]. Electrorheological fluids become solid in high electric fields. 

 

Marston Bates [Bates, Marston] 

biologist 

USA 

1949 to 1950 

Natural History of Mosquitoes [1949]; Nature of Natural History [1950] 

He lived 1906 to 1974 and studied mosquitoes. 

 

John B. Fenn [Fenn, John B.]/Koichi Tanaka [Tanaka, Koichi] 

biologist/inventor 

USA 

1949 to 1954 

Fenn lived 1917 to ?. Tanaka lived 1959 to ?. They invented matrix assisted laser absorption ionization (MALDI) for 

mass spectroscopy [1949 to 1954]. It works with Time-of-Flight TOF detectors. 

 

Louis S. Leakey [Leakey, Louis S.] 

biologist 

England 

1949 to 1959 

He lived 1903 to 1972 and found fossil hominins [1949 to 1959]. 

 

Jan Oort [Oort, Jan] 

astronomer 

USA 

1950 

He lived 1900 to 1992 and found comet belt around solar system (Oort cloud) [1950]. 

 

John F. Nash, Jr. [Nash, John F. Jr.] 

mathematician 

USA 

1950 to 1951 

Equilibrium points in n-person games [1950]; Bargaining problem [1950]; Non-cooperative games [1951]; Two-Person 

Cooperative Games [1953] 

He lived 1928 to ? and invented Nash equilibrium [1950], Nash bargaining solution [1950], and Nash programme 

[1951]. 

 

Richard W. Hamming [Hamming, Richard W.] 

mathematician 

USA 

1950 to 1960 

Coding and Information Theory [1960] 



He lived 1915 to 1998 and invented Hamming code [1950] to detect computer-coding errors. 

 

Konrad Lorenz [Lorenz, Konrad] 

biologist 

Switzerland/Germany 

1950 to 1973 

King Solomon's Ring [1950]; Man Meets Dog [1954]; On Aggression [1963]; Behind the Mirror: a Search for a 

Natural History of Human Knowledge [1973] 

He lived 1903 to 1989 and studied natural behavior {ethology, Lorenz}, aggression, imprinting, instincts, innate 

releasing mechanisms, and fixed action patterns. 

 

Frederick Sanger [Sanger, Frederick] 

biologist/inventor 

England 

1950 to 1977 

He lived 1918 to ?, determined insulin amino-acid sequence [1950], and developed method to sequence DNA [1977]. 

 

Haskell Curry [Curry, Haskell] 

mathematician 

England 

1951 

Outlines of a Formalist Philosophy of Mathematics [1951] 

He lived 1900 to 1982. Mathematics branches become more formal over time, until they are deductive systems. 

Mathematics is about deductive systems. 

 

J. Presper Eckert [Eckert, J. Presper]/John Mauchly [Mauchly, John] 

inventor 

USA 

1951 

UNIVAC magnetic tape computer [1951] 

Eckert lived 1919 to 1995 {magnetic tape computer}. Mauchly lived 1907 to 1980. 

 

Barbara McClintock [McClintock, Barbara] 

biologist 

USA 

1951 

She lived 1902 to 1992 and studied corn transposable elements {jumping gene, McClintock} [1951]. 

 

Irving Segal [Segal, Irving] 

physicist 

USA 

1951 

He lived 1918 to 1998 and developed C* algebra theory for quantum mechanics [1951]. 

 

Charles Townes [Townes, Charles]/Arthur L. Schawlow [Schawlow, Arthur L.] 

physicist/inventor 

USA 

1951 to 1960 

maser [1951 to 1953]; laser [1957 to 1960] 

Townes lived 1915 to ?. Schawlow lived 1921 to 1999. Aleksandr M. Prokhorov [1916 to 2002] and Nikolai G. Basov 

[1922 to 2001] of Russia discovered maser and laser ideas, as did Joseph Weber [1919 to ?] of USA. 

 

Abraham Robinson [Robinson, Abraham] 

mathematician 

Germany/USA 

1951 to 1966 



On the Metamathematics of Algebra [1951]; Non-Standard Analysis [1961 to 1966] 

He lived 1918 to 1974 and developed the idea of infinitesimals as greater than zero but smaller than all positive 

numbers {nonstandard analysis, Robinson}. He described infinitesimal neighborhoods of points infinitely close to a 

point {compactness theorem, Robinson}. 

 

Nicolas Tinbergen [Tinbergen, Nicolas] 

biologist 

Norway 

1951 to 1973 

Study of Instinct [1951]; Animal in Its World [1973] 

He lived 1907 to 1988 and studied ethology. 

 

David Bohm [Bohm, David] 

physicist 

USA 

1951 to 1993 

Quantum Theory [1951]; Wholeness and the Implicit Order [1980]; Undivided Universe: An Ontological Interpretation 

of Quantum Theory [1993] 

He lived 1917 to 1992 and developed the hidden particle theory and pilot wave interpretation [1952], from study of 

Einstein-Podolsky-Rosen experiment. 

 

John C. Eccles [Eccles, John C.] 

biologist 

England 

1951 to 1994 

Brain and the Unity of Conscious Experience [1965]; Understanding of the Brain [1977]; Human Psyche [1980]; 

Evolution of the Brain: Creation of the Self [1989]; How the Self Controls Its Brain [1994] 

He lived 1903 to 1997 and studied cerebellum [1967]. Connections between sense and motor nerves in spinal-cord gray 

matter are responsible for reflexes [1951]. Matter and mind are separate substances, and interact in synapses 

{interactionism, Eccles}. Mind has units {psychon, Eccles}. 

 

Walter Baade [Baade, Walter] 

astronomer 

Germany/USA 

1952 

He lived 1893 to 1960 and measured interstellar distances and studied Cepheid variable stars [1952]. 

 

Stephen Cole Kleene [Kleene, Stephen Cole] 

mathematician 

USA 

1952 

Introduction to Metamathematics [1952] 

He lived 1909 to 1994, studied recursion theory and formal logic, and added subtraction to lambda calculus. At least 

one mathematical truth is true intuitionistically but not Platonically [Kleene, 1952]. 

 

José Delgado [Delgado, José] 

psychologist 

USA 

1952 to 1969 

Physical Control of the Mind [1969] 

He lived 1915 to ?. Amygdala stimulation by electrodes {stimoceiver} can trigger aggressive behavior [1955]. 

 

Barry Commoner [Commoner, Barry] 

biologist 

USA 

1952 to 1980 



Closing Circle: Nature, Man and Technology [1971: including his Laws of Ecology] 

He lived 1917 to ? and studied ecology and population. He opposed above-ground nuclear testing [1952]. 

 

William Craig [Craig, William] 

mathematician 

USA 

1953 

On Axiomatizability within a System [1953] 

For axiomatic theories, subsets can use only some original terms but contain same theorems {Craig's theorem}. 

 

Rosalind Franklin [Franklin, Rosalind] 

biologist 

England 

1953 

She lived 1920 to 1958 and performed x-ray crystallography of DNA indicating it was double helix [1953]. 

 

Stephen Kuffler [Kuffler, Stephen] 

biochemist 

USA 

1953 

He lived 1913 to 1980. Cat-retina ON-center and OFF-center ganglion cells respond to illumination changes [1953]. 

 

Vincent du Vigneaud [Vigneaud, Vincent du] 

biologist 

France 

1953 

He lived 1901 to 1978 and discovered vasopressin [1953]. 

 

Stanley Miller [Miller, Stanley] 

biologist 

USA 

1953 to 1954 

He lived 1930 to ?. Methane, ammonia, and water heated by electric arcs make amino acids [1953 to 1954]. However, 

amino acids only polymerize if conditions are hot and dry. 

 

MacFarlane Burnet [Burnet, MacFarlane] 

biologist 

England 

1953 to 1959 

Natural History of Infectious Disease [1953]; Clonal selection theory of acquired immunity [1959] 

He lived 1899 to 1985 and suggested clonal-selection theory. 

 

William Grey Walter [Grey Walter, William] 

physiologist/inventor 

Britain/USA 

1953 to 1960 

Living Brain [1953]; Neurophysiological Aspects of Hallucinations and Illusory Experience [1960]; two-channel 

evoked potential averager; helical scanner; 22-channel toposcope 

He lived 1910 to 1976 and studied body electrical behavior {toposcopy}, muscle contraction, electroencephalograms, 

electroconvulsive therapy, frequency analysis, and evoked potentials. He implanted brain electrodes to study epilepsy 

and treat psychiatric illness in conscious humans. 

Brain-function electromechanical models, with two control systems and several interacting units, can produce life-like 

behavior, including learning, as in electromechanical tortoise called M. speculatrix. 

Brain electrical potential has negative shift between associated stimuli just before decision becomes public {contingent 

negative variation} (CNV). Motor cortex sends output before people act [Walter, 1953]. Helical scanner measures and 

displays frequencies and phases on short time-scales from many brain electrodes. 



 

James Watson [Watson, James] 

biologist 

USA 

1953 to 1980 

Double Helix [1980] 

He lived 1928 to ? and calculated that DNA was double helix [1953]. 

 

Francis H. C. Crick [Crick, Francis H. C.] 

biologist 

England/USA 

1953 to 1994 

Thinking about the Brain [1979]; Problem of Consciousness [1992: with Christof Koch]; Astonishing Hypothesis: The 

Scientific Search for the Soul [1994] 

He lived 1916 to 2004 and calculated that DNA was double helix [1953]. Perhaps, consciousness depends on thalamus 

and cortex layers 4 and 6 [1994]. 

 

Jonas Salk [Salk, Jonas] 

doctor/inventor 

USA 

1954 

polio vaccine [1954] 

He lived 1914 to 1995 {polio vaccine}. 

 

Chen Ning Yang [Yang, Chen Ning]/Robert L. Mills [Mills, Robert L.] 

physicist 

USA 

1954 

Conservation of isotopic spin and isotopic gauge invariance [1954] 

Yang lived 1922 to ?. Mills lived 1927 to 1999. They studied Yang-Mills field [Yang and Mills, 1954]. 

 

Georg Pólya [Pólya, Georg] or George Pólya [Pólya, George] 

mathematician 

USA 

1954 to 1957 

How to solve it [1945]; Mathematics and Plausible Reasoning [1954] 

He lived 1887 to 1985 and studied problem solving and problem-solving heuristics and invented counting formula. 

Plausibility depends on authority or reliability of information source used to justify proposition, not on probabilities of 

alternatives. Reasoning-chain plausibility is least-plausible-proposition plausibility. 

 

Manfred Eigen [Eigen, Manfred] 

biologist 

Germany 

1954 to 1993 

Hypercycle: A principle of natural self-organization [1979: with Peter Schuster]; Steps toward Life [1992: with Ruthild 

Winkler-Oswatitsch]; Rules of the Game [1993: with Ruthild Winkler-Oswatitsch] 

He lived 1927 to ? and developed relaxation methods, to measure 10^-10 second reaction rates [1954]. High mutation 

rates prevent natural selection [1992]. 

 

John Bardeen [Bardeen, John]/Walter Brattain [Brattain, Walter]/William Shockley [Shockley, William] 

inventor 

USA 

1955 

transistor [1955] 

Bardeen lived 1908 to 1991. Brattain lived 1902 to 1987. Shockley lived 1910 to 1989. 

 



Donald A. Glaser [Glaser, Donald A.] 

physicist/inventor 

USA 

1955 

bubble chamber [1955] 

He lived 1926 to ? and invented the bubble chamber [1955]. 

 

Joe Hin Tjio [Tjio, Joe Hin] 

biologist 

Java/Sweden/USA 

1955 

human chromosome number 

He lived 1919 to ?. Human chromosome number is 46, rather than 44 or 48 [1955]. 

 

Arthur Kornberg [Kornberg, Arthur] 

biologist 

USA 

1955 to 1958 

He lived 1918 to ? and synthesized DNA molecules using DNA polymerase I [1955 to 1958]. 

 

Edsger W. Dijkstra [Dijkstra, Edsger W.] 

inventor 

USA 

1955 to 1965 

multiprocessing and multiprogramming computer [1955 to 1961]; structured programming [1965]; top-down design 

[1965] 

He lived 1930 to 2002. 

 

Christian de Duve [Duve, Christian de] 

biologist 

USA 

1955 to 1965 

He lived 1917 to ? and discovered lysosomes [1955] and peroxisomes [1965]. 

 

Clyde Cowan [Cowan, Clyde] 

physicist 

England 

1956 

He lived 1902 to 1974 and discovered neutrinos [1956], with Reines. 

 

Vernon M. Ingram [Ingram, Vernon M.] 

biologist 

Germany/Sweden/England 

1956 

sickle cell anemia protein defect 

He lived 1924 to 2006. One amino-acid change in hemoglobin causes sickle cell anemia [1956]. 

 

Frederick Reines [Reines, Frederick] 

physicist 

England 

1956 

He lived 1918 to 1998 and discovered neutrinos [1956], with Cowan. 

 

Edward Fredkin [Fredkin, Edward] 

mathematician 

USA 



1956 to 2005 

He lived 1934 to ? and invented reversible-computing gates {Fredkin gate} {Conservative Logic Gate}. Mathematical 

models can reversibly transform into computational models {Fredkin transforms}. Universe computes using discrete 

and finite quantities {digital mechanics}. The more two alternatives are similar, the harder it is to choose and the less 

the choice matters {Fredkin paradox, Fredkin}. 

 

John Bardeen [Bardeen, John]/Leon Cooper [Cooper, Leon]/John Schrieffer [Schrieffer, John] 

physicist 

USA 

1957 

Bardeen lived 1908 to 1991. Cooper lived 1930 to ?. Schrieffer lived 1931 to ?. They invented BCS superconductivity 

theory, in which electrons distort positive-ion lattices to make phonons, which interact with second electrons, causing 

slight attraction and so pairing electrons [1957]. In superconductors, magnetic flux has quanta. Electric field has no 

quanta, but quantizing the field mathematically allows easier calculations. Critical temperature is higher if more 

electrons can be in superconductive state, if lattice-vibration frequencies are higher, and if electrons and lattice interact 

more strongly. 

 

Margaret Burbridge [Burbridge, Margaret] 

astronomer 

USA 

1957 

She lived 1919 to ? and demonstrated how red giant stars can make carbon, oxygen, and iron [1957: with Geoffrey 

Burbridge, William Fowler, and Fred Hoyle]. 

 

Hugh Everett [Everett, Hugh] 

physicist 

USA 

1957 

'Relative State' Formulation of Quantum Mechanics [1957] 

He lived 1930 to 1982 and modified generalized Lagrange multiplier method {Everett algorithm}, which finds 

optimum paths. Quantum systems, including measuring devices and observers, have probabilities of possible states. 

Reality includes all possible states, including separate realities for observer and observation states {relative state 

interpretation} {many-worlds interpretation} [1957]. 

 

Harry Hess [Hess, Harry] 

geologist 

USA 

1957 

He lived 1906 to 1969. Mantle convection caused continental drift and sea-floor spreading [1957]. 

 

Jean Hoerni [Hoerni, Jean] 

inventor 

USA 

1957 

semiconductor planar technology [1957] 

He lived 1924 to ? and used masking {photomask} to add and etch layers for silicon wafers {planar technology}. 

 

Edwin T. Jaynes [Jaynes, Edwin T.] 

physicist 

USA 

1957 

He lived 1922 to 1998 and studied information theory, thermodynamics, and neoclassical radiation theory [1957]. 

 

Bernard Lovell [Lovell, Bernard] 

astronomer 

England 



1957 

He lived 1913 to ? and used radio astronomy at Jodrell Bank [1957]. 

 

satellite Sputnik I 

inventor 

Russia 

1957 

Sputnik I satellite [1957] 

Satellite orbited Earth and then burned up. Sputnik means traveler. 

 

Werner E. Reichardt [Reichardt, Werner E.] 

biologist 

Germany 

1957 to 1986 

He lived 1924 to 1992 and developed neuron motion-detector models, to explain how flies detect motion. 

 

Explorer satellite 

inventor 

USA 

1958 

Explorer satellite [1958] 

Satellite detected Van Allen radiation belts. 

 

Bruce C. Heezen [Heezen, Bruce C.] 

geologist 

USA 

1958 

He lived 1924 to 1977 and mapped ocean floor [1958]. 

 

Mikio Sato [Sato, Mikio] 

mathematician 

Japan 

1958 

He lived 1928 to ? and studied hyperfunctions [1958]. 

 

spacecraft Sputnik II 

inventor 

Russia 

1958 

Sputnik II spacecraft [1958: carried dog and did not return to Earth] 

Craft {spacecraft} orbited Earth. 

 

James Van Allen [Van Allen, James] 

geologist 

USA 

1958 

He lived 1914 to 2006 and found radiation belts around Earth [1958]. 

 

Jack Kilby [Kilby, Jack]/Robert Noyce [Noyce, Robert] 

inventor 

USA 

1958 to 1959 

integrated circuit [1958 to 1959] 

Kilby lived 1923 to 2005. Noyce lived 1927 to 1990. 

 

Russell Brain [Brain, Russell] 



biologist 

England 

1959 

Nature of Experience [1959] 

He lived 1895 to 1966 and studied brain. 

 

Herman Chernoff [Chernoff, Herman]/Lincoln E. Moses [Moses, Lincoln E.] 

mathematician 

USA 

1959 

Elementary Decision Theory [1959] 

Chernoff lived 1923 to ?. Mises lived 1921 to ?. 

 

Fred Hoyle [Hoyle, Fred] 

astronomer 

England 

1959 

Black Cloud [1959: Organic molecules in cloud can have metabolism] 

He lived 1915 to 2001, propounded universe steady-state theory, and demonstrated how red-giant stars can make 

carbon, oxygen, and iron [1957: with Geoffrey Burbridge, William Fowler, and Margaret Burbridge]. 

 

Lev D. Landau [Landau, Lev D.] 

physicist 

Russia 

1959 

Course of Theoretical Physics [1959: with Evgenii M. Lifshitz] 

He lived 1908 to 1968. He proposed neutron stars [1932], and J. Robert Oppenheimer and G. M. Volkov found mass 

limit {Landau-Oppenheimer-Volkov limit, Landau} for making black holes instead of neutron stars, 2.5 times Sun 

mass. 

Turbulence begins when new frequencies appear in fluid at overlapping velocities and masses. Turbulent motions 

include oscillatory, skewed varicose, cross-roll, knot, and zigzag. Turbulence is like white noise, with all frequencies. 

 

Jerome Y. Lettvin [Lettvin, Jerome Y.] 

biologist 

USA 

1959 

What the Frog's Eye Tells the Frog's Brain [1959: with Maturana, McCulloch, and Pitts] 

He lived 1920 to ?. Axons from frog retinal ganglion cells have four groups that respond differently to different stimuli 

and that end in four distinct optic-tectum layers, all with same topographic map. Frog is normally motionless, so 

detectors detect environment changes. 

Sustained contrast detectors make immediate and prolonged signals when object edge, either lighter or darker than 

background, moves into receptive field and stops. 

Net convexity detectors make immediate and temporary signals when large dark-object small or convex edges pass 

through visual field. Smooth movement has less effect than jerky movement. 

Moving-edge detectors respond to edges moving through receptive field. Net dimming detectors make immediate and 

prolonged signals with sudden illumination reduction. Frogs can recognize prey and enemy categories. 

 

Moon landing 

rocket 

Russia 

1959 

Moon landing [1959] 

Luna 2 crashlanded on Moon {Moon landing}. 

 

Moon orbit 

rocket 



Russia 

1959 

Moon orbit [1959] 

Luna 3 recorded Moon far side {Moon orbit}. 

 

Albert Sabin [Sabin, Albert] 

doctor/inventor 

Poland/USA 

1959 

oral polio vaccine [1959] 

He lived 1906 to 1993 {oral polio vaccine}. 

 

transistor for computer 

inventor 

USA 

1959 

transistor in computer [1959] 

Transistors {transistor, computer} replaced vacuum tubes. 

 

Vanguard I 

satellite 

USA 

1959 

Satellite had solar cells. 

 

Edwin H. Land [Land, Edwin H.] 

inventor 

USA 

1959 to 1977 

Experiments in Color Vision [1959]; Retinex Theory of Color Vision [1977] 

He lived 1909 to 1991 and invented Polaroid photography {instant photography} and polaroid filters. 

#*********  Epistemology 

Color perception depends on relative reflectances. People see colors based on red, green, and blue intensity ratios from 

neighboring and separated regions {retinex theory, Land}. Two-color mixtures can produce full color range. 

 

Hao Wang [Wang, Hao] 

mathematician 

China 

1959 to 1986 

Beyond Analytic Philosophy [1986] 

He lived 1921 to ?, invented computer programs to prove first-order theorems [1959], and invented infinite series of 

types. Mathematics is intuitive. 

 

Humberto R. Maturana [Maturana, Humberto R.] 

biologist 

USA 

1959 to 1992 

What the Frog's Eye Tells the Frog's Brain [1959: with Lettvin, McCulloch, and Pitts]; Tree of Knowledge [1992: with 

Francisco Varela] 

He lived 1928 to ?. Living cells rebuild themselves {autopoiesis, Maturana}. 

 

Sydney Brenner [Brenner, Sydney]/Matthew Meselson [Meselson, Matthew]/François Jacob [Jacob, François] 

biologist 

USA 

1960 

mRNA discovered [1960] 



Brenner lived 1927 to ?. Meselson lived 1930 to ?. Jacob lived 1920 to ?. 

 

European 1960 

mathematician 

Europe 

1960 

European mathematicians studied coding, check bits, parity checking, logical sum checking, weighted check sums, 

modulo 37 with progressive digitizing, Hamming code, geometric code, variable length code, instantaneous code, 

Huffman code, compression, hashing, and Gray code [Hamming, 1960]. 

 

Martin Gardner [Gardner, Martin] 

writer 

USA 

1960 

Ambidextrous Universe [1960] 

He lived 1914 to ?. 

 

Dorothy Crowfoot Hodgkin [Hodgkin, Dorothy Crowfoot] 

biologist 

England 

1960 

She lived 1910 to 1994 and determined insulin structure. 

 

Joseph Weizenbaum [Weizenbaum, Joseph] 

mathematician 

USA 

1960 

Computer Power and Human Reason [1960] 

He lived 1923 to ? and wrote ELIZA program to imitate psychologist querying patient. 

 

Ghobind Khorana [Khorana, Ghobind] 

biologist 

India/USA 

1960 to 1970 

He lived 1922 to ? and synthesized yeast gene [1960]. 

 

Chia-Chiao Lin [Lin, Chia-Chiao]/Frank Shu [Shu, Frank] 

astronomer 

USA 

1960 to 1970 

Galaxy bars and spirals are compressions in star galactic waves. 

 

Frank Low [Low, Frank] 

astronomer 

USA 

1961 

He used infrared astronomy using his germanium bolometer [1961]. 

 

Geoffrey Chew [Chew, Geoffrey] 

physicist 

USA 

1961 to 1966 

He studied S-matrix theory [1961] and bootstrap hypothesis [1966]. 

 

René Couteaux [Couteaux, René] 

biologist 



France 

1961 to 1970 

He lived 1909 to 1999. Synaptic vesicles release transmitter packets only at active synapse zones {active zone}, where 

calcium ion channels are [1961]. 

 

Jacques Monod [Monod, Jacques] 

biologist 

France 

1961 to 1971 

Chance and Necessity: An Essay on the Natural Philosophy of Modern Biology [1971] 

He lived 1910 to 1976 and studied DNA repression and expression in Lac operon [1961]. 

 

John Shine [Shine, John] 

inventor 

Wales 

1961 to 1982 

human insulin from cloned cells [1982] 

He found Shine-Dalgarno sequence [1961]. 

 

Ruth C. Barcan [Barcan, Ruth C.] or Ruth C. Barcan Marcus [Barcan Marcus, Ruth C.] 

philosopher 

England 

1961 to 1993 

Modalities and Intentional Languages [1961]; Modalities: Philosophical Essays [1993] 

She lived 1921 to ? and studied modal logic. The possibility that something has an attribute implies that something 

exists that possibly has the attribute {Barcan formula}, assuming that possible worlds overlap. 

 

Fritz W. Bopp [Bopp, Fritz W.] 

physicist 

USA 

1962 

He invented path integral quantum-mechanics theory [1962]. 

 

Marshall Nirenberg [Nirenberg, Marshall] 

biologist 

USA 

1962 

He lived 1927 to ? and found DNA and RNA triplet code [1962]. 

 

Tullio Regge [Regge, Tullio] 

physicist 

France 

1962 

He lived 1907 to 1996 and invented Regge calculus [1962], addition to S-matrix theory. 

 

Telstar 

communications satellite 

USA 

1962 

Satellites {communications satellite} can allow picture transmission around world. 

 

Torsten Nils Wiesel [Wiesel, Torsten Nils] 

physiologist/biologist 

Sweden/USA 

1962 to 1968 



Receptive Fields, Binocular Interaction and Functional Architecture in the Cat's Visual Cortex [1962 with Hubel]; 

Receptive Fields and Functional Architecture of Monkey Striate Cortex [1968: with Hubel] 

He lived 1924 to ? and studied visual-cortex organization, with David Hubel. Not using eye during critical or sensitive 

period to detect stimulus feature makes visual cortex unable to detect stimulus feature {sensory deprivation, Wiesel}. 

 

David H. Hubel [Hubel, David H.] 

biologist 

USA 

1962 to 1988 

Receptive Fields, Binocular Interaction and Functional Architecture in the Cat's Visual Cortex [1962: with Wiesel]; 

Receptive Fields and Functional Architecture of Monkey Striate Cortex [1968: with Wiesel]; Eye, Brain, and Vision 

[1988] 

He lived 1926 to ? and studied visual-cortex organization, with Torsten Wiesel. Not using eye during critical or 

sensitive period to detect stimulus features makes visual cortex unable to detect stimulus features. 

Brain detects color in round vertical columns, located 0.5 mm apart in regular arrays between primary-visual-cortex 

orientation columns, using double-opponent neurons, with both ON-center and OFF-center circular fields, to compare 

colors. He found blobs by staining primary visual cortex with cytochrome oxidase (CO), with Margaret Livingstone. 

Interblob regions detect orientation. 

 

Thomas Gold [Gold, Thomas] 

astronomer 

USA 

1962 to 1999 

Deep Hot Biosphere [1999] 

He lived 1920 to 2004 and propounded universe steady-state theory {time-symmetric universe}. He suggested that oil 

came to early Earth from space. 

 

Edward Lorenz [Lorenz, Edward] 

meteorologist/computer scientist 

USA 

1963 

Deterministic Nonperiodic Flow [1963] 

He lived 1917 to ? and studied complex systems. He invented non-periodic weather-system computer models that were 

sensitive to initial conditions {butterfly effect, Lorenz}. 

He studied fluid convections with circular motions {Rayleigh-Bénard convection, Lorenz}. Equations are dx / dt = 10 * 

(y - x), dy / dt = x * z + 28 * x - y, and dz / dt = x * y - (8/3) * z. 

Paths through phase space never cross. Attractor can move to another surface when it moves to another phase-space 

region, so surfaces do not intersect. 

Complex non-linear systems can have different final states that are not interchangeable {intransitive system}. Systems 

can be almost intransitive and can flip spontaneously from one state to another. 

 

Peter van de Camp [van de Camp, Peter] 

astronomer 

USA 

1963 

He lived 1901 to 1995 and found planet around Bernard's star [1963]. 

 

Frederick Vine [Vine, Frederick]/Drummond Matthews [Matthews, Drummond] 

geologist 

England 

1963 

Vine lived 1939 to ?. Matthews lived 1931 to 1997. They studied magnetic pole flipping compared to seafloor 

spreading [1963]. 

 

Paul J. Cohen [Cohen, Paul J.] 

mathematician 



USA 

1963 to 1966 

Set Theory and the Continuum Hypothesis [1966] 

He lived 1934 to ? and proved that continuum hypothesis was indeterminable under set theory [1963]. 

 

Leslie Orgel [Orgel, Leslie] 

biologist 

USA 

1963 to 1970 

Maintenance of the accuracy of protein synthesis and its relevance to ageing [1963]; Origins of Life: Molecules and 

Natural Selection [1970] 

Freezing can concentrate and align organic molecules to make nucleic acids, such as adenine [1970]. Mutations 

degrade good working genetic code to make it more varied {error catastrophe, Orgel}, and this process adds to genetic 

variability [1963]. 

 

Imre Lakatos [Lakatos, Imre] 

mathematician 

Hungary/England 

1963 to 1976 

Proofs and Refutations [1963] 

He lived 1922 to 1974. He founded empirical mathematics philosophy, in which people can know truth by 

Methodology of Scientific Research Programmes. He opposed the philosopher of science Paul Feyerabend. 

 

William Hamilton [Hamilton, William] 

biologist 

England 

1963 to 1996 

He lived 1936 to 2000. Sexual reproduction results from competition between parasite and host [1963]. 

 

Robert H. Dicke [Dicke, Robert H.] 

physicist 

USA 

1964 

He lived 1916 to 1997, found background microwave radiation, and studied gravitational theory [1964]. 

 

John G. Kemeny [Kemeny, John G.] 

mathematician/inventor 

Hungary/USA 

1964 

BASIC [1964] 

He lived 1926 to 1992 and developed a FORTRAN-like programming language {BASIC programming language}. 

 

Alexander N. Sarkovskii [Sarkovskii, Alexander N.] 

mathematician 

Russia 

1964 

Coexistence of Cycles of a Continuous Map of a Line into Itself [1964] 

One-dimensional objects with cycle of period three have all periods. 

 

George Zweig [Zweig, George] 

physicist 

USA 

1964 

He lived 1937 to ? and suggested quarks [1964], with Murray Gell-Mann. 

 

Peter W. Higgs [Higgs, Peter W.] 



physicist 

England 

1964 to 1966 

He invented the idea of Higgs field and Higgs boson [1964 to 1966]. 

 

Donald Davies [Davies, Donald]/Paul Baran [Baran, Paul]/Leonard Kleinrock [Kleinrock, Leonard] 

inventor 

England/USA 

1964 to 1967 

packet switching [1964 to 1967] 

Davies lived 1924 to 2000. 

 

John S. Bell [Bell, John S.] 

physicist 

Ireland 

1964 to 1987 

Speakable and Unspeakable in Quantum Mechanics [1987] 

He lived 1928 to 1990. Instruments can measure coupled-particle spins to see if spins are separable. Positive-spin 

number along first-particle x-axis and second-particle y-axis is less than or equal to positive-spin number along first-

particle x-axis and second-particle z-axis plus positive-spin number along first-particle y-axis and second-particle z-

axis {Bell inequality} {Bell's inequalities}. In quantum mechanics, Bell inequality is not true. Two particles are not 

separable. No local hidden variables exist [1964] {Bell's theorem, Bell}. 

 

Murray Gell-Mann [Gell-Mann, Murray] 

physicist 

USA 

1964 to 1994 

He lived 1929 to ?, suggested quarks [1964], with George Zweig, and invented decoherence theory [1994]. 

 

Edward Feigenbaum [Feigenbaum, Edward]/Robert K. Lindsay [Lindsay, Robert K.] 

inventor 

Stanford, California 

1965 

DENDRAL expert system [1965: for molecules] 

Feigenbaum lived 1936 to ?. 

 

Arno Penzias [Penzias, Arno]/Robert Woodrow Wilson [Wilson, Robert Woodrow] 

astronomer 

USA 

1965 

Penzias lived 1933 to ?. Wilson lived 1936 to ?. They discovered cosmic background radiation as uniform space black-

body microwave noise, with temperature 3 K [1965]. 

 

Dennis Sciama [Sciama, Dennis] 

physicist 

USA 

1965 

He lived 1926 to 1999. Quasar density increases with redshift [1965], with Martin Rees. 

 

Lofti Zadeh [Zadeh, Lofti] 

mathematician 

Azerbaijan/USA 

1965 

fuzzy logic [1965] 

He lived 1921 to ? and invented fuzzy-set theory or fuzzy logic. 

 



Carl Woese [Woese, Carl] 

biologist 

USA 

1965 to 1967 

Genetic Code [1967] 

He lived 1928 to ?. Small subunit ribosomal RNA can classify organisms [1965]. 

 

William H. Masters [Masters, William H.]/Virginia E. Johnson [Johnson, Virginia E.] 

physician 

USA 

1965 to 1970 

Human Sexual Response [1965]; Human Sexual Inadequacy [1970] 

Masters lived 1915 to 2001. Johnson lived 1925 to ?. They studied sexuality. 

 

Henry Stapp [Stapp, Henry] 

physicist 

USA 

1965 to 1993 

S-matrix interpretation of quantum-theory [1971]; Mind, Matter, and Quantum Mechanics [1993] 

Quantum waves collapse only when they interact with consciousness and observation. Brain can plan better from fewer 

possibilities. Consciousness is brain parts and activities that collapse wave functions. Brains do not affect probabilities 

but only initiate collapses. 

 

Hannes Alfvén [Alfvén, Hannes] 

physicist 

Sweden 

1966 

Worlds-Antiworlds [1966] 

He lived 1908 to 1995 and studied plasma physics. 

 

Michael Flynn [Flynn, Michael] 

inventor 

USA 

1966 

parallel processing [1966] 

Algorithm instruction and data-input stream can be simultaneous. SISD is Single Instruction stream, Single Data 

stream. SIMD is Single Instruction, Multiple Data. MIMD is Multiple Instruction, Multiple Data. SPMD is Single 

Program, Multiple Data. 

 

Clifford N. Matthews [Matthews, Clifford N.] 

biologist 

USA 

1966 to 1975 

Serine and threonine-containing heteropolypeptides [1966: with R. E. Moser]; Heteropolypeptides from poly-alpha-

cyanoglycine and hydrogen cyanide. Model for origin of proteins [1975] 

Heteropolypeptides can come from hydrogen cyanide [1966]. Dry heating HCN makes heteropolyamidines. Water 

converts them to polypeptides. 

 

George C. Williams [Williams, George C.] 

biologist 

USA 

1966 to 1992 

Adaptation and Natural Selection [1966]; Sex and Evolution [1975]; Natural Selection: Domains, Levels, and 

Challenges [1992] 

Genes are natural-selection units, and organisms passively contain them. Evolution changes gene frequency and can 

make new genes. 



 

F. Károlyházy [Károlyházy, F.] 

physicist 

Hungary 

1966 to 2000 

Gravity causes wavefunction reduction. 

 

Bernard W. Agranoff [Agranoff, Bernard W.] 

psychologist 

USA 

1967 

Memory and protein synthesis [1967] 

He lived 1926 to ?. Long-term memory needs protein synthesis. 

 

Jocelyn Bell [Bell, Jocelyn]/Anthony Hewish [Hewish, Anthony] 

physicist 

England 

1967 

Bell lived 1943 to ?. Hewish lived 1924 to ?. They discovered neutron-star pulsars, which look to Earth observers like 

microwave-beam lighthouses, spinning dozens of times each second [1967]. 

 

Jocelyn Bell [Bell, Jocelyn] 

astronomer 

England 

1967 

She lived 1943 to ? and discovered pulsars [1967]. 

 

Seymour Benzer [Benzer, Seymour] 

biologist 

USA 

1967 

Behavioral mutants of Drosophila isolated by counter current distribution [1967] 

He lived 1921 to ?, studied fruit flies, and mutated single genes to affect courtship rituals, vision, circadian rhythms, 

memory, and learning. He found proteins used in non-declarative memory. 

 

IBM Corporation 

inventor 

USA 

1967 

computer data communications system or Binary Synchronous Communication [1967] 

input and output devices {computer data communications system}. 

 

Peter Medawar [Medawar, Peter] 

biologist 

England 

1967 

Art of the Soluble [1967] 

He lived 1915 to 1987 and studied immunology. 

 

Stephen Smale [Smale, Stephen] 

mathematician 

USA 

1967 

Differentiable Dynamic Systems [1967] 

He lived 1930 to ? and studied non-linear oscillators that had stable, non-repeating, periodic patterns. He studied 

topology in five or higher dimensions and Poincaré conjecture. He invented topological phase-space transformations 



{Smale's horseshoe}, in which space stretches, shrinks, and folds multiple times in any dimension. Transformations are 

sensitive to initial conditions. 

 

Yakov B. Zel'dovich [Zel'dovich, Yakov B.] 

physicist 

Russia 

1967 to 1976 

He lived 1914 to 1987. Gravity can cause baryons to decay, over 10^31 years [1976]. He described the Cosmological 

Constant problem [1967]: cosmological constant is 120 order of magnitude too great. 

 

Werner Arber [Arber, Werner] 

biologist 

Switzerland 

1968 

restriction enzymes discovered [1968] 

He lived 1929 to ?. 

 

René Dubos [Dubos, René] 

biologist 

France 

1968 

So Human an Animal [1968] 

He lived 1901 to 1982 and studied evolution. 

 

Lynn Sykes [Sykes, Lynn] 

geologist 

USA 

1968 

He studied sea floor spreading and earthquakes, with Jack Oliver and Bryan L. Isacks, and said that plates float [1968]. 

 

Gabriele Veneziano [Veneziano, Gabriele] 

physicist 

Italy 

1968 

He found that Euler beta-function describes properties of particles affected by strong force [1968]. 

 

René Thom [Thom, René] 

mathematician 

France 

1968 to 1972 

Dynamic theory of morphogenesis [1968]; Structural Stability and Morphogenesis [1972] 

He lived 1923 to 2002 and studied catastrophe theory. 

 

Barbara Brown [Brown, Barbara] 

biologist 

USA 

1968 to 1978 

New Mind, New body [1974]; Critique of biofeedback concepts and methodologies [1978] 

People can sense unconscious body behavior by signal biofeedback [1968]. After training, people can control one 

neuron or can change blood pressure or heartbeat. 

 

Niles Eldridge [Eldridge, Niles] 

biologist 

USA 

1968 to 1985 

Pattern of Evolution [1968]; Time Frames [1985] 



New speciation is at range fringes in isolated places. Species change little at other times. 

 

John Maynard Smith [Smith, John Maynard] 

biologist 

USA 

1968 to 1995 

Mathematical Ideas in Biology [1968]; Major Transitions in Evolution [1995: with E. Szathmáry] 

He lived 1920 to 2004 and studied population-biology relations {logistic difference equation, Smith}. 

 

Lincoln Pierson Brower [Brower, Lincoln Pierson] 

physicist 

USA 

1969 

Ecological Chemistry [1969] 

He lived 1931 to ?. 

 

Yoichiro Nambu [Nambu, Yoichiro] 

physicist 

USA 

1969 

He found that Euler beta-function describes particle properties affected by strong force, if particles are Planck-length, 

one-dimensional vibrating strings [1969]. 

 

Holger Nielsen [Nielsen, Holger] 

physicist 

Denmark 

1969 

He found that Euler beta-function describes particle properties affected by strong force, if particles are Planck-length, 

one-dimensional vibrating strings [1969]. 

 

Allan Sandage [Sandage, Allan] 

astronomer 

USA 

1969 

He lived 1926 to ?. Hubble constant is decreasing [1969]. 

 

George Spencer-Brown [Spencer-Brown, George] 

logician 

England 

1969 

Laws of Form [1969] 

He lived 1923 to ? and developed laws of form {calculus of indications, Spencer-Brown}, based on differences. 

Autopoietic theory references his work. 

 

Joseph Weber [Weber, Joseph] 

astronomer 

USA 

1969 

He lived 1919 to 2000 and found gravity waves [1969]. 

 

Ralph Brinster [Brinster, Ralph] 

biologist 

USA 

1969 to 1974 

He lived 1932 to ?, cloned foreign genes, and expressed repressed genes in mice [1974]. 

 



Kenneth Wilson [Wilson, Kenneth] 

physicist 

USA 

1969 to 1974 

He lived 1936 to ? and used renormalization group theory to remove infinities from masses and distances in phase 

transitions and to preserve fractal dimension [1969 to 1974]. 

 

Leonard Susskind [Susskind, Leonard] 

physicist 

USA 

1969 to 1995 

He found that Euler beta-function describes particle properties affected by strong force, if particles are Planck-length, 

one-dimensional vibrating strings [1969]. He studied holographic principle and how it applies to string theory [1995]. 

 

Kees S. Immink [Immink, Kees S.] 

inventor 

Netherlands 

1969 to 1996 

reflective laserdisc [1969]; compact disc [1983: with Toshitada Doi]; DVD [1996] 

He lived 1946 to ? {compact disc}. 

 

E. F. Codd [Codd, E. F.] or Ted Codd [Codd, Ted] 

inventor 

USA 

1970 

relational database [1970] 

He lived 1923 to 2003. 

 

John Horton Conway [Conway, John Horton] 

mathematician 

USA 

1970 

He lived 1937 to ? and invented an axiomatic number system, constructing counting numbers, and so all numbers, 

using rules for right and left. He invented Game of Life [1970], based on cellular automata. 

 

Yuri Matiyasevich [Matiyasevich, Yuri] 

mathematician 

Russia 

1970 

He lived 1947 to ? and proved that no general algorithm can decide if Diophantine-equation systems have integer 

solutions, based on work by Julia Robertson, Martin Davis, and Hilary Putnam. 

 

Gerald O'Neill [O'Neill, Gerald] 

physicist 

USA 

1970 

2001, the High Frontier [1970] 

He lived 1927 to 1992. 

 

Lynn Margulis [Margulis, Lynn] 

biologist 

USA 

1970 to 1981 

Origins of Eukaryotic Cells [1970]; Symbiosis in Cell Evolution [1981] 

Early bacteria incorporated into eukaryotes to make mitochondria and chloroplasts {endosymbiont hypothesis, 

Margulis} [1970]. 



 

Jacob Bekenstein [Bekenstein, Jacob] 

physicist 

Poland/Israel 

1971 

He found the Bekenstein-Hawking formula [1971] for black hole entropy, which shows that entropy depends on 

surface area and so mass squared. 

 

Lennart Heimer [Heimer, Lennart] 

biologist 

Sweden/USA 

1971 

Pathways in the Brain [1971] 

Heimer lived 1930 to 2007. 

 

David Ruelle [Ruelle, David] 

mathematician 

Belgium 

1971 

On the Nature of Turbulence [1971: with Floris Takens] 

He used three independent motions to describe turbulence. However, this was wrong. Phase-space centers can be not 

equilibria or periodic loops but infinitely long lines in confined space {strange attractor, Ruelle}. Strange attractors are 

stable, can have few dimensions, and are periodic but not exactly periodic. 

 

very large-scale integrated circuit 

inventor 

USA 

1972 

very large-scale integrated circuit or VLSI [1972] 

transistors on boards {very large-scale integrated circuit} (VLSI). 

 

Jane Goodall [Goodall, Jane] 

biologist 

England 

1972 to 1986 

Chimpanzees of Gombe [1986] 

She lived 1934 to ? and studied chimpanzee behavior. Chimps grunt, pant, bark, roar, scream, squeak, whimper, laugh, 

click teeth, and smack lips, in 30 different ways with different meanings [1972]. 

 

Horace B. Barlow [Barlow, Horace B.] 

biologist 

USA 

1972 to 1995 

Single units and sensations [1972]; Neuron Doctrine in Perception [1995] 

He studied frog-retina bug-detector ganglion cells. Thousands of cardinal cells code percepts [Barlow, 1972] [Barlow, 

1995]. Qualia are not basic phenomena but brain-developed sensations that depend on memory and processing. 

Consciousness comes from social communication. 

 

Stanley Cohen [Cohen, Stanley]/Herbert Boyer [Boyer, Herbert] 

biologist/inventor 

USA 

1973 

recombinant DNA technology [1973] 

Cohen lived 1922 to ?. Boyer lived 1936 to ?. 

 

Mitchell Feigenbaum [Feigenbaum, Mitchell] 



physicist 

USA 

1973 

He studied feedback systems and devised how to calculate order in one-dimensional-system chaos [1973], using 

quantum-field-theory renormalization group, stochastic processes, and fractals to remove infinities. Using y = r * (x - 

x^2) and x(t) = r * sin(pi * x(t - 1)), doubling oscillation period converges geometrically and so scales with constant 

ratio = 4.6692016090, to predict all doubling values. Functions are recursive {self-referential} and so introduce higher 

frequencies that indicate turbulence. 

 

Geoffrey V. T. Matthews [Matthews, Geoffrey V. T.] 

biologist 

USA 

1973 

Orientation and Position-finding by Birds [1973] 

 

Vera Cooper Rubin [Rubin, Vera Cooper] 

astronomer 

USA 

1973 

She lived 1928 to ?. Milky-Way-Galaxy star (and gas) rotation rate is faster than expected if all mass is visible matter, 

implying invisible matter [1973]. 

 

Harry Swinney [Swinney, Harry] 

physicist 

USA 

1973 

He studied conductivity [1973], with Jerry Gollub. He studied phase transitions. Rotating one cylinder inside another 

causes intervening liquid to flow {Couette-Taylor flow, Swinney}. First, flow streamlines. At faster speed, fluid 

cylinder separates into layers along cylinder axis, so fluid goes up and down cylinder. At higher frequency, flow is 

chaotic, with no defined frequencies. Vapor at critical point gives off white glow {opalescence, vapor}. 

 

Kip S. Thorne [Thorne, Kip S.]/Charles Misner [Misner, Charles]/John Archibald Wheeler [Wheeler, John 

Archibald] 

physicist 

USA 

1973 

Gravitation [1973] 

Thorne lived 1941 to ?. Misner lived 1932 to ?. Wheeler lived 1911 to ?. 

 

Julius Wess [Wess, Julius]/Bruno Zumino [Zumino, Bruno] 

physicist 

Europe 

1973 

They invented supersymmetric quantum field theory [1973]. 

 

Jacob Bronowski [Bronowski, Jacob] 

physicist 

England 

1974 

Ascent of Man [1974] 

He lived 1908 to 1974. 

 

Bruno de Finetti [Finetti, Bruno de] 

mathematician 

Italy 

1974 



Theory of Probability [1974] 

He lived 1906 to 1985. Probability is graded belief or judgments. If judgments are coherent and consistent, judgments 

converge to consensus with more data, and probability is relative frequencies observed in nature. 

 

Sheldon Glashow [Glashow, Sheldon]/Howard Georgi [Georgi, Howard] 

physicist 

USA 

1974 

Glashow lived 1932 to ?. They invented grand unification of strong, weak, and electromagnetic forces [1974], with 

Steven Weinberg and Helen Quinn. 

 

Vernon Rowland [Rowland, Vernon]/Robert Blumenthal [Blumenthal, Robert] 

biologist 

USA 

1974 

Dynamic Patterns of Brain Cell Assemblies [1974] 

 

Joel Scherk [Scherk, Joel]/John Schwarz [Schwarz, John] 

physicist 

USA 

1974 

They invented string theory including gravity and strong force [1974]. 

 

Jospeh Taylor [Taylor, Jospeh]/Russell Hulse [Hulse, Russell] 

physicist 

USA 

1974 

They measured binary-pulsar rotation period, which increased by gravity radiation exactly as predicted by general 

relativity [1974]. 

 

Lewis Thomas [Thomas, Lewis] 

biologist 

USA 

1974 to 1979 

Lives of a Cell: Notes of a Biology Watcher [1974]; Medusa and the Snail [1979] 

He lived 1913 to 1993. 

 

Richard Leakey [Leakey, Richard] 

biologist 

England 

1974 to 1994 

Origin of Humankind [1994] 

He discovered genus Homo fossils [1974]. 

 

Eric R. Kandel [Kandel, Eric R.] 

biologist 

USA 

1974 to 2000 

Small Systems of Neurons [1974]; Cellular Basis of Behavior [1976]; Behavioral Biology of Aplysia [1979]; 

Biological Basis of Learning and Individuality [1992: with Robert Hawkins]; Memory from Mind to Molecules [2000: 

with Larry Squire] 

He studied learning and memory in marine snails. 

 

James S. Albus [Albus, James S.] 

biologist 

USA 



1975 

He developed Cerebellar Model Articulation Controller [1975]. 

 

Akito Arima [Arima, Akito]/Francesco Iachello [Iachello, Francesco] 

physicist 

Japan/Italy 

1975 

Collective States as Representations of a SU(6) Group [1975] 

They invented atomic-nucleus interacting boson model. 

 

Gavin de Beer [Beer, Gavin de] 

biologist 

USA 

1975 

Evolution of Flying and Flightless Birds [1975] 

He lived 1899 to 1972. 

 

Georges Köhler [Köhler, Georges]/César Milstein [Milstein, César] 

inventor 

Germany 

1975 

monoclonal antibodies developed [1975] 

They started gene engineering {genetic engineering}. 

 

John Szentágothai [Szentágothai, John]/Michael A. Arbib [Arbib, Michael A.] 

biologist/psychologist 

USA 

1975 

Conceptual Models of Neural Organization [1975] 

They studied brain and neural networks. 

 

James Yorke [Yorke, James] 

mathematician 

USA 

1975 

Period Three Implies Chaos [1975: with Tien-Yien Li] 

He analyzed work of Robert May. In one-dimensional systems, regular cycle of period three implies regular cycles of 

other periods, as well as chaotic behavior. 

 

Russell L. DeValois [DeValois, Russell L.] 

biologist 

USA 

1975 to 1988 

Spatial Vision [1988: with Karen K. DeValois] 

He showed that visual cortical neurons respond to frequency rather than edges or lines {direct spatial information} 

[1975]. They detect fundamental frequency and higher frequencies, together with orientation. He used gratings, 

checkerboards, and plaid patterns. Results matched results expected from analysis by Fourier transforms. 

 

Alan Ross Anderson [Anderson, Alan Ross]/Nuel D. Belnap, Jr. [Belnap, Jr., Nuel D.] 

philosopher 

USA 

1975 to 1992 

Entailment: The Logic of Relevance and Necessity [1975 and 1992] 

They helped develop relevance logic, modal logic, deontic logic, and logical connectives. 

 

Michael A. Arbib [Arbib, Michael A.] 



psychologist 

England/USA 

1975 to 1995 

Metaphorical Brain [1972]; Handbook of Brain Theory and Neural Networks [1995] 

He lived 1940 to ?. 

 

Edward Wilson [Wilson, Edward] 

biologist 

USA 

1975 to 1998 

Insect Societies; Sociobiology [1975]; On Human Nature [1978]; Consilience [1998] 

He invented sociobiology. 

 

John C. Eccles [Eccles, John C.]/Masao Ito [Ito, Masao]/John Szentagothai [Szentagothai, John] 

biologist 

England 

1976 

Cerebellum as a Neuronal Machine [1976] 

Szentagothai lived 1912 to 1994. 

 

Robert May [May, Robert] 

biologist 

USA 

1976 

Simple Mathematical Models with Very Complicated Dynamics [1976] 

Assign initial number to logistic difference equation. Low rate values make number go to zero. Medium values make 

number go higher steady-state numbers. After high initial value, system oscillates between two values. After even 

higher initial value, system oscillates among four values. After even higher initial values, system oscillates among 8, 

16, 32, and so on, values, with smaller differences between rates, until chaos starts {point of accumulation} 

{accumulation point, complexity}. After that point, oscillations are among all values. However, at higher points, 

oscillations are among 3 or 7 values, then oscillations are among 6, 9, 12, 14, 21, 28, and so on, values, then chaos 

returns again. 

 

Bruce S. McEwen [McEwen, Bruce S.] 

biologist 

USA 

1976 

Interactions between Hormones and Nerve Tissue [1976] 

 

Stanislaus M. Ulam [Ulam, Stanislaus M.] 

mathematician 

Poland/USA 

1976 

Adventures of a Mathematician [1976] 

He lived 1909 to 1984 and studied chaos in vibrating strings {Fermi-Pasta-Ulam theorem}. 

 

John R. Napier [Napier, John R.] 

biologist 

USA 

1976 to 1977 

Primate Locomotion [1976]; Primates and Their Adaptations [1977] 

He lived 1917 to 1987. 

 

Nicholas Humphrey [Humphrey, Nicholas] 

philosopher 

England 



1976 to 1992 

Social Function of Intellect [1976]; Consciousness Regained [1983]; Inner Eye [1986]; History of the Mind [1992]; 

Mind Made Flesh [2002] 

He studied brain development from social interactions. People {natural psychologist} talk to themselves to think what 

to do in different social situations and so understand, predict, and control what other people do. People then evolved 

systems {inner eye} to image brain processes and states. Such imaging is consciousness. Consciousness emerged 

abruptly as existing features combined. Sensations are actions and their thoughts. 

 

Richard Dawkins [Dawkins, Richard] 

biologist 

USA 

1976 to 1995 

Selfish Gene [1976]; Blind Watchmaker [1986]; River out of Eden [1995] 

Ideas or concepts {meme} {mimeme} can exist in brain, replicate, and have selection. Thoughts and ideas in memory 

or culture replicate themselves in other minds by imitation and transmission. Memes compete for entry into minds. 

Selective forces act directly on meme physical substrates, because memes restructure brains to make better habitats for 

themselves and to modify input and output. Perceptions, skills, feelings, and memories have no copies. 

Meme sets {memeplex, Wilson} {co-adapted meme complex} can affect survival and reproduction [Dawkins, 1976]. 

He wrote about Universal Darwinism and replicators [Dawkins, 1995]. 

Meme copies behavior from another same-species animal {imitation, Dawkins}, but copying varies more than for 

genes. Memory ties abstractions and agreements together, so imitation is only small part. However, copy does not have 

same meaning, because brain does not just imitate but processes information. It involves selection and non-selective 

processes. 

Culture also involves sharing knowledge {schema, Dawkins}, not by imitation but by abstraction. Culture also involves 

sharing beliefs and values {social construction}, not by imitation but by agreement. Culture depends on having a theory 

of mind and knowing that other people have beliefs, intentions, and desires. Genes {selfish gene} use bodies to 

reproduce themselves. 

 

Michel Hénon [Hénon, Michel] 

astronomer 

France 

1976 to 2002 

He studied stretching, compressing, and folding phase space to get self-similarity {Hénon attractor} [1976]: x(t) = y(t - 

1) + 1 - 1.4 * (x(t - 1))^2 and y(t) = 0.3 * x(t - 1). He predicted that globular clusters have center that experienced 

gravitational collapse {gravothermal collapse} [2002]. 

 

Theodore H. Bullock [Bullock, Theodore H.]/Richard Orkand [Orkand, Richard]/Alan Grinnell [Grinnell, Alan] 

biologist 

USA 

1977 

Introduction to Nervous Systems [1977] 

 

E. George Gray [Gray, E. George] 

biologist 

England 

1977 

Synapse [1977] 

 

Benoit Mandelbrot [Mandelbrot, Benoit] 

mathematician 

Poland/France/USA 

1977 

Fractals: Form, Chance and Dimension; Fractal Geometry of Nature [1977] 

He lived 1924 to ? and ascribed fluctuations to discontinuous effects and to trends. He studied fractals, self-symmetry, 

1/f noise, and 1/f squared noise. Fractal curves have non-integral dimensions. 1/f noise is like Cantor sets. In 



continuous intervals, continually removing inner third of each remaining continuous interval still leaves infinitely many 

points, and total empty distance is interval length {Cantor set, Mandelbrot}. Cantor sets are the same at all scales. 

 

Allan M. Maxam [Maxam, Allan M.]/Walter Gilbert [Gilbert, Walter] 

biologist/inventor 

USA 

1977 

DNA sequencing [1977] 

They developed method to sequence DNA [1977]. 

 

Lawrence Sklar [Sklar, Lawrence] 

physicist 

USA 

1977 

Space, Time and Spacetime [1977] 

He studied relativity. 

 

space shuttle 

inventor 

USA 

1977 

space shuttle [1977: reusable] 

Spacecraft {space shuttle} can fly to orbit and return, with three people. 

 

Lewis Wolpert [Wolpert, Lewis] 

biologist 

USA 

1977 to 1991 

Development of Pattern and Form in Animals [1977]; Triumph of the Embryo [1991] 

He lived 1929 to ?. 

 

Carl Sagan [Sagan, Carl] 

astronomer 

USA 

1977 to 1992 

Dragons of Eden [1977]; Cosmos [1980: with Ann Druyan]; Shadows of Forgotten Ancestors [1992: with Ann Druyan] 

He lived 1934 to 1996. 

 

Steven Weinberg [Weinberg, Steven] 

physicist 

USA 

1977 to 1993 

Gravitation and Cosmology [1972]; First Three Minutes [1977 and 1993]; Dreams of a Final Theory [1992] 

He lived 1933 to ? and studied universe origin. He worked with Abdus Salam on electroweak theory. Why does our 

universe have the cosmological constant that allows life to form {coincidence problem}. Perhaps, there are many 

universes, and some have that cosmological constant. 

 

Stephen Jay Gould [Gould, Stephen Jay] 

biologist 

USA 

1977 to 2002 

Ever Since Darwin [1977]; Ontogeny and Phylogeny [1977]; Spandrels of San Marco and the Panglossian Paradigm 

[1978: with Richard Lewontin]; Urchin in the Storm [1987]; Wonderful Life: The Burgess Shale and the Nature of 

History [1989]; Structure of Evolutionary Theory [2002] 



Evolution repeats and modifies animal forms {bauplan, Gould}. Evolutionary changes can be in bursts {punctuated 

equilibrium, Gould}, even after 20,000 years with no change. Most traits are side effects. Timing changes during 

development cause evolutionary changes. 

Organisms produce more offspring than survive to reproduce {superfecundity, Gould}. Darwin defended this idea 

against people that thought God is more benevolent. Offspring vary in traits. All accept this idea. Offspring pass their 

traits to offspring. All accept this idea. Therefore, offspring with traits more favorable for survival to reproductive age 

will produce more offspring with same traits {natural selection, Gould}. 

Darwin's evolutionary theory has three main principles to explain natural-selection mechanisms. Natural selection 

applies to organisms, not classes, genuses, species, tissues, organs, or genes. 

Darwin suggested that altruism in humans was trait outside this idea. Perhaps, altruism can explain hybridization and 

worker-insect sterility. Modern theory suggests genes, cell lines, organisms, demes, species, and clades evolve using 

selection and drift to change frequencies and parts. They can work synergistically, in opposition, or independently of 

nearby levels. Other possibilities can be entropy effect or complex system spontaneous ordering. 

Natural selection removes unfit and designs fit, because variations from typical or average are small, random, and 

numerous and not always negative. Small and large variations accumulate over many generations. Variations can have 

different kinds and sizes {microevolution, Gould}. Modern theory adds structural, historic, and developmental factors. 

Natural selection gradually makes more-complex organisms and can make new higher-level organism species. 

However, modern theory adds mass extinctions, species sorting by punctuated equilibrium to alter clades, and other 

processes taking different times. Other possibilities can be inorganic and organic comparisons or new species-

formation ideas. 

Because organisms overproduce, nature has competing organisms and species, so new ones must replace or wedge 

aside existing ones, leading to better-adapted species. This requires that environment changes slowly compared to 

evolution and observed species changes. 

Interactors, rather than replicators, can define selection. Emergent fitness, rather than emergent traits, causes higher-

level selection. Species selection is main macroevolution method. 

Evolutionary theory involves same framework as other scientific explanations. It involves causation vs. association. 

Event sequences relate or do not relate. Related events are consequences or not. Structures and functions exist. Logical 

conclusions come from premises. People can find causation direction. Determinism comes from fundamental-unit laws 

versus independent-level interactions. Changes are gradual, spurt, maintain stasis, are exponential, or rise and fall. It 

involves fundamental units, structure hierarchies, change rates, space scales, and time scales. 

Darwin felt that nature had progressed, because organism and ecosystem design was good (Paley) and complexity was 

increasing. Besides, nature ordered itself in the most-efficient way by survival of fittest (Adam Smith). 

Increased speciation leads to increased extinction. 

Clade selection, species habitat tracking, and grouping in populations can cause stasis. 

Organisms tend to evolve to larger size, from individual size advantages and structural factors {Cope's rule, Gould}. 

Slow variation and slow environmental change helped ancient organisms alive today survive. Their clades had low 

speciation. 

Clades have various speciation rates, which can change over time and mimic seemingly progressive linear species 

changes, as in horses and humans. 

Humans are stable genetically if punctuated equilibrium is true. 

Drift can go into available niches, but bacteria dominate life. 

Geometric patterns and physical laws, such as surface-to-volume ratios and coordinate transformations, constrain 

structures and allow few alternatives. Historical development can impose homologies and regulations. Adaptation 

consequences {exaptation, Gould} can have later advantages. 

Homology is internal structure similarity {homogeny, Gould}. Homology can result from fundamental internal 

structure {parallelism, Gould} or same external pressures {convergence, Gould}. Organisms can also perform similar 

functions with different structures {homoplasy, Gould}. 

Darwin held that small structure shifts were adaptive, but cumulative-shift adaptations can be different {functional 

shift, Gould} {cooptation, Gould}. Initial stages have unpredictable uses, constrain future adaptation, and form 

sequence. Non-adaptive structures {spandrel, Gould} arise in association with adaptive structures, and these structures 

can later be for adaptation, at all hierarchy levels. Adaptive structures tend to limit further evolution through 

specialization, but adaptive structures make many more non-adaptive structures with which evolution can work. 

 

R. Wall [Wall, R.]/Philip Leder [Leder, Philip] 

biologist 

USA 



1978 

Genes rearrange themselves in early infancy [1978]. Antibody genes can join joining gene by deleting DNA between 

them. Joining genes join to trunk genes, which determine mobility level. Joined genes determine antigen. 

 

Robert A. Weale [Weale, Robert A.] 

biologist 

USA 

1978 

Vertebrate Eye [1978] 

He studied vertebrate eye. 

 

Myron Winick [Winick, Myron] 

biologist 

USA 

1978 

Early Nutrition and Brain Development [1978] 

 

Alexander Woodcock [Woodcock, Alexander]/Monte Davis [Davis, Monte] 

mathematician 

USA 

1978 

Catastrophe Theory [1978] 

They studied catastrophe theory. 

 

Richard Alexander [Alexander, Richard] 

biologist 

USA 

1979 

Darwinism and Human Affairs [1979] 

He studied brain development from social interactions. 

 

Quentin Bone [Bone, Quentin] 

biologist 

USA 

1979 

Origin of Chordates [1979] 

 

Scott E. Fahlman [Fahlman, Scott E.] 

mathematician 

USA 

1979 

NETL, A System for Representing and Using Real World Knowledge [1979] 

He studied neural networks. 

 

Imrich Friedmann [Friedmann, Imrich] 

biologist 

USA 

1979 

Human Ear [1979] 

 

David Lane [Lane, David] 

biologist 

Scotland 

1979 

TP53 gene kills cell if cell has broken DNA or has low oxygen, by making p53 protein [1979]. 

 



Patrick Henry Winston [Winston, Patrick Henry] 

psychologist 

USA 

1979 

Artificial Intelligence, an MIT Perspective [1979: editor with Richard Henry Brown] 

He studied AI. 

 

Alan H. Guth [Guth, Alan H.] 

physicist 

USA 

1979 to 1997 

Inflationary Universe [1997] 

In universes with general relativity, antigravity starting 10^-34 second after universe origin can cause exponential 

inflation [1979]. Universe goes from smaller than proton to softball size. 

 

Richard H. Adrian [Adrian, Richard H.] 

biologist 

England 

1980 

Nerve Impulse [1980] 

He lived 1927 to ?. 

 

David Botstein [Botstein, David]/Ron Davis [Davis, Ron]/Ray White [White, Ray]/Mark Skolnick [Skolnick, 

Mark] 

biologist 

USA 

1980 

genetic markers for genome mapping [1980] 

 

James Burke [Burke, James] 

historian 

England 

1980 

Connections [1980] 

He lived 1936 to ?. 

 

Ilya Prigogine [Prigogine, Ilya] 

physicist 

USA 

1980 to 1989 

From Being to Becoming [1980]; Order out of Chaos [1984: with Stengers]; Exploring Complexity [1989: with 

Gregoire Nicolis] 

He lived 1917 to 2003. Dissipative-structure subsystems can reduce entropy, if energy is available and subsystems use 

only their own processes. 

 

David Caplan [Caplan, David] 

biologist 

USA 

1980 to 2003 

Biological Studies of Mental Processes [1980: editor] 

 

Avron Barr [Barr, Avron]/Edward A. Feigenbaum [Feigenbaum, Edward A.] 

mathematician 

USA 

1981 

Handbook of Artificial Intelligence [1981] 



They studied AI. 

 

Moshe Gitterman [Gitterman, Moshe]/Vivian Haim Halpern [Halpern, Vivian Haim] 

physicist 

USA 

1981 

Qualitative Analysis of Physical Problems [1981] 

 

Werner E. Reichardt [Reichardt, Werner E.]/Tomaso Poggio [Poggio, Tomaso] 

biologist 

USA 

1981 

Theoretical Approaches in Neurobiology [1981: editors] 

 

Gregory E. Hinton [Hinton, Gregory E.] 

mathematician 

USA 

1981 to 1992 

Parallel Models of Associative Memory [1981: editor with John A. Anderson]; How Neural Networks Learn from 

Experience [1992] 

He invented backpropagation learning algorithms. 

 

Thomas Cech [Cech, Thomas]/Sidney Altman [Altman, Sidney] 

biologist 

USA 

1982 

They found ribozyme RNA that can act as enzymes to cut other RNA [1982]. RNA was first molecule able to replicate, 

because RNA can be catalyst. DNA bases and sugars came from RNA bases and sugars. For example, thymine can 

come from uracil. RNA works with ribosomal proteins, amino acids, and many enzymes. 

 

Barry J. Marshall [Marshall, Barry J.]/J. Robin Warren [Warren, J. Robin] 

biologist 

USA 

1982 

Helicobacter pylori bacteria cause ulcers [1982]. 

 

Gunther Palm [Palm, Gunther] 

biologist 

Germany 

1982 

Neural Assemblies [1982] 

 

Stanley B. Prusiner [Prusiner, Stanley B.] 

biologist 

USA 

1982 

Misshapen prion proteins cause scrapie [1982]. 

 

Sidney Brenner [Brenner, Sidney] 

biochemist 

USA 

1983 

He lived 1927 to ? and helped determine worm and human genetic codes [1982]. 

 

Simon K. Donaldson [Donaldson, Simon K.] 

mathematician 



England 

1983 

He applied Yang-Mills gauge theory to four-dimensional manifolds [1983]. 

 

Motoo Kimura [Kimura, Motoo] 

biologist 

England 

1983 

Neutral Theory of Molecular Evolution [1983] 

Gene DNA evolves at constant rate in all species over all history. Molecular changes that have less control by natural 

selection evolve more rapidly, because they have no effects, while harmful ones die out and good ones are rare 

{Kimura's rule}. 

 

William McGinnis [McGinnis, William] 

biologist 

USA 

1983 

Hox regulatory genes govern fruitfly development [1983]. 

 

Kary B. Mullis [Mullis, Kary B.] 

biologist/inventor 

USA 

1983 

polymerase chain reaction [1982] 

Polymerase chain reaction (PCR) developed to make multiple copies of DNA. 

 

Daniel L. Alkon [Alkon, Daniel L.] 

biologist 

USA 

1983 to 1987 

Learning in a Marine Snail [1983]; Memory Traces in the Brain [1987] 

 

Alexandr D. Alexandrov [Alexandrov, Alexandr D.]/Andrei N. Kolmogorov [Kolmogorov, Andrei N.]/Mikhail 

A. Lavrent'ev [Lavrent'ev, Mikhail A.] 

mathematician 

Russia 

1984 

Mathematics: its content, methods, and meaning [1984: translated by S. H. Gould and T. Bartha] 

Kolmogorov lived 1903 to 1987 and developed measure theory [1965]. 

 

Valentin Braitenberg [Braitenberg, Valentin] 

mathematician 

USA 

1984 

Vehicles [1984] 

He invented robots. 

 

Michael Green [Green, Michael]/John Schwarz [Schwarz, John] 

physicist 

USA 

1984 

They invented first string theory describing all four forces and matter, with supersymmetry, bosons, and fermions 

[1984]. Previously, bosonic string theory had no supersymmetry or fermions. 

 

Alec Jeffreys [Jeffreys, Alec] 

inventor 



USA 

1984 

DNA fingerprinting [1984] 

He studied human identification {DNA fingerprinting, Jeffreys}. 

 

Dany Schectman [Schectman, Dany] 

physicist 

USA 

1984 

He invented aluminum-manganese alloy with fivefold symmetry and symmetry three dimensions {quasicrystal} 

[1984]. Later, others invented aluminum-lithium-copper alloy. 

 

Richard H. Scheller [Scheller, Richard H.]/Richard Axel [Axel, Richard] 

biologist 

USA 

1984 

How Genes Control an Innate Behavior [1984] 

 

L. Luca Cavalli-Sforza [Cavalli-Sforza, L. Luca] 

biologist 

Italy 

1984 to 1995 

Neolithic Transition and the Genetics of Populations in Europe [1984: with Albert Ammerman]; History and 

Geography of Human Genes [1994: with Paolo Menozzi and Alberto Piazza]; Great Human Diasporas [1995: with 

Francisco Cavalli-Sforza] 

He studied human gene frequencies, race, and population migrations. 

 

David Baltimore [Baltimore, David] 

biologist 

USA 

1985 

He studied RNA viruses [1985]. 

 

Robert Gallo [Gallo, Robert]/Luc Montagnier [Montagnier, Luc] 

biologist 

England 

1985 

DNA sequence of HIV published [1985]. 

 

Henry Harris [Harris, Henry] 

biologist 

England 

1985 

MYC, BCL-2, APC, and RAS genes check cell division [1985]. 

 

W. Daniel Hillis [Hillis, W. Daniel] 

mathematician 

USA 

1985 

Connection Machine [1985] 

He studied neural networks. 

 

Franz Huber [Huber, Franz]/John Thorson [Thorson, John] 

biologist 

USA 

1985 



Cricket Auditory Communication [1985] 

 

David Deutsch [Deutsch, David] 

mathematician 

England 

1985 to 1993 

He studied quantum computation [1985]. 

 

Marvin H. Caruthers [Caruthers, Marvin H.] 

inventor 

USA 

1986 

solid phase phosphoramidite chemistry [1986] 

He invented method to synthesize DNA {solid phase phosphoramidite chemistry}, using DNA on polystyrene beads 

exposed to acid. Overlapping matching-end oligos can allow longer sequences. Process can make oligos up to 100 

bases. 

 

Ray E. Jennings [Jennings, Ray E.] 

mathematician 

USA 

1986 

Punctuational Sources of the Truth-Functional "Or" [1986] 

Granting permission for two things can sound like permitting first or second, and so like exclusive OR, but is actually 

conjunction {confectionary fallacy, Jennings}. It is a deduction fallacy. 

 

Andrei Linde [Linde, Andrei] 

astronomer 

USA 

1986 

He lived 1948 to ?. Inflation never stops, because quantum fluctuations can randomly continue or stop (chaotic 

inflation) [1986], making many separate universes with different physical laws. 

 

David Rumelhart [Rumelhart, David]/James McClelland [McClelland, James] 

mathematician 

USA 

1986 

Parallel Distributed Processing [1986] 

They studied neural networks, with Gregory E. Hinton and R. J. Williams. 

 

Robert A. Weinberg [Weinberg, Robert A.] 

biologist 

USA 

1986 

He found first tumor suppressor gene, RB gene [1986]. 

 

James Gleick [Gleick, James] 

writer 

USA 

1987 

Chaos [1987] 

He wrote popular science. 

 

Leslie F. Greengard [Greengard, Leslie F.] 

physicist 

USA 

1987 



Rapid Evaluation of Potential Fields in Particle Systems [1987] 

 

Chiye Aoki [Aoki, Chiye]/Philip Siekevitz [Siekevitz, Philip] 

biologist 

USA 

1988 

Plasticity in Brain Development [1988] 

 

Ivars Ekeland [Ekeland, Ivars] 

mathematician 

USA 

1988 

Mathematics and the Unexpected [1988] 

He studied computer memory. 

 

James L. Gould [Gould, James L.] 

biologist 

USA 

1988 

Honey Bee [1988] 

 

Pentti Kanerva [Kanerva, Pentti] 

mathematician 

USA 

1988 

Sparse Distributed Memory [1988] 

He studied computer memory. 

 

Heinz Pagels [Pagels, Heinz] 

physicist 

USA 

1988 

Dreams of Reason [1988] 

He lived 1939 to 1988 and studied complexity. 

 

Gunter Wachtershauser [Wachtershauser, Gunter] 

lawyer 

Germany 

1988 

He studied life's origin [1988]. Hydrothermal-vent iron, nickel, and sulfur ions act as catalysts, templates, and energy 

sources to form biological molecules. Pyrite surfaces hold molecules. 

 

Francisco Varela [Varela, Francisco] 

biologist 

USA 

1988 to 1999 

Embodied Mind [1991]; View from Within [1999] 

He lived 1946 to 2001 and studied neurophenomenology. Living cells rebuild themselves {autopoiesis, Varela} [1988], 

with Maturana. 

 

Stephen Hawking [Hawking, Stephen] 

physicist 

England 

1988 to 2002 



Brief History of Time [1988]; Black Holes and Baby Universes and Other Essays [1993]; Nature of Space and Time 

[1996: with Roger Penrose]; Universe in a Nutshell [2001]; Future of Spacetime [2002: with Kip Thorne, Igor 

Novikov, Timothy Ferris, and Alan Lightman] 

He lived 1942 to ? and studied singularities and black holes. He predicted that black holes can radiate random thermal 

radiation and so have temperature [1974]. Black-hole surfaces create virtual-particle pairs, and one particle can leave 

black hole, resulting in mass loss and thermal radiation (Hawking radiation). 

 

Daniel M. Greenberger [Greenberger, Daniel M.]/Michel A. Horne [Horne, Michel A.]/Anton Zeilinger 

[Zeilinger, Anton] 

physicist 

USA 

1989 

They invented a thought experiment {GHZ experiment} [1989]. If three spin 1/2 particles have singlet state, two 

detectors oriented at different angles, perpendicular to moving particle path, can measure one particle's spin. 

 

Tim Berners-Lee [Berners-Lee, Tim] 

inventor 

Switzerland 

1989 to 1990 

World Wide Web [1989]; Hypertext Markup Language or HTML [1990] 

He lived 1955 to ?. 

 

Paul C. W. Davies [Davies, Paul C. W.] 

chemist 

USA 

1989 to 1998 

New Physics [1989: editor]; About Time: Einstein's Unfinished Revolution [1995]; Fifth Miracle: The Search for the 

Origin of Life [1998] 

He studied relativity and life's origin. 

 

Ian Stewart [Stewart, Ian] 

mathematician 

England 

1989 to 2001 

Does God Play Dice? [1989]; Flatterland [2001] 

He lived 1945 to ?. 

 

J. Allan Hobson [Hobson, J. Allan] 

biologist 

USA 

1989 to 2002 

Sleep [1989]; Chemistry of Conscious States [1994]; Dreaming as Delirium [1999]; Consciousness [1999]; Dreaming 

[2002] 

He studied sleep and developed AIM model [Hobson, 2002]. 

 

Roger Penrose [Penrose, Roger] 

physicist 

England 

1989 to 2004 

Emperor's New Mind [1989]; Shadows of the Mind: A Search for the Missing Science of Consciousness [1994]; Nature 

of Space and Time [1996: with Stephen Hawking]; Road to Reality [2004] 

He lived 1931 to ? and developed quantum-mechanics objective reduction [Penrose, 1994]. 

 

Mario Capecchi [Capecchi, Mario]/Oliver Smythies [Smythies, Oliver] 

biologist 

USA/Canada 



1990 

They invented gene knockouts in mice [1990]. 

 

Jeffrey Elman [Elman, Jeffrey] 

computer scientist 

USA 

1990 

Finding Structure in Time [1990] 

To hidden layer, he added units {context layer, Elman} that received a hidden-layer copy and then added back to 

hidden layer {simple recurrent network, Elman}. 

 

William French [French, William] 

inventor 

USA 

1990 

gene therapy [1990] 

Successful therapy {gene therapy, French} treated adenosine deaminase deficiency {adenosine deaminase deficiency} 

(ADA). 

 

Robert M. Seyfarth [Seyfarth, Robert M.]/Dorothy L. Cheney [Cheney, Dorothy L.] 

biologist 

USA 

1990 to 1992 

How Monkeys See the World, Inside the Mind of Another Species [1990]; Meaning and Mind in Monkeys [1992] 

Monkeys make alarm calls even when they can perceive that other monkeys are not near or that other monkeys are 

calling already. Monkeys do not have theory of mind. Vervet monkeys make different alarm calls for eagles, leopards, 

and snakes and use grunts in social interactions. 

 

Ira B. Black [Black, Ira B.] 

biologist 

USA 

1991 

Information in the Brain: A Molecular Perspective [1991] 

 

Roger Nicoll [Nicoll, Roger] 

biologist 

USA 

1991 

Special neuron stimulation can cause excitation over hours, involving protein-kinase phosphorylation after calcium-ion 

influx [1991]. 

 

Seymour Papert [Papert, Seymour] 

mathematician 

South Africa/USA 

1991 

Constructionism: research reports and essays 1985-1990 [1991: with I. Harel] 

He lived 1928 to ?, studied learning theories {constructionism}, and invented the Logo computer language. 

 

Alan Peters [Peters, Alan]/Sanford Palay [Palay, Sanford]/Henry Webster [Webster, Henry] 

physician 

USA 

1991 

Fine Structure of the Nervous System [1991] 

 

David M. Raup [Raup, David M.] 

biologist 



USA 

1991 

Extinction: Bad Genes or Bad Luck [1991] 

Catastrophe has happened at mass-extinction level, and clades, species, demes, organisms, cell lines, and genes can 

have extinctions {field of bullets model}. 

 

Brock Fenton [Fenton, Brock] 

biologist 

USA 

1992 

Bats [1992: Facts on File] 

 

Elliott Gershan [Gershan, Elliott]/Ronald Rieder [Rieder, Ronald] 

biologist 

USA 

1992 

Major Disorders of Mind and Brain [1992] 

 

Terrence J. Sejnowski [Sejnowski, Terrence J.] 

mathematician 

USA 

1992 

He studied shape from shading in neural networks [1992], with Sidney Lehky. 

 

Dennis Selkoe [Selkoe, Dennis] 

biologist 

USA 

1992 

Aging Brain, Aging Mind [1992] 

 

Carla Shatz [Shatz, Carla] 

biologist 

USA 

1992 

Developing Brain [1992] 

 

Gerard t' Hooft [t' Hooft, Gerard] 

physicist 

USA/Netherlands 

1993 

He lived 1946 to ? and studied the holographic principle [1993] and how it applies to black holes. 

 

Stuart Kauffman [Kauffman, Stuart] 

mathematician 

USA 

1993 to 1995 

Origins of Order [1993]; At Home in the Universe [1995] 

He studied random graphs and Boolean networks to try to find complex-system, chaos, and self-organization laws. 

Most algorithms are their shortest descriptions {incompressibility}. Element physical interactions can order systems 

{self-organization, Kauffman} [Kauffman, 1995]. 

 

Paul W. Ewald [Ewald, Paul W.] 

biologist 

USA 

1993 to 2000 

Evolution of Infectious Disease [1994]; Plague Time [2000] 



Infections that use intermediate hosts, such as cholera and malaria, evolve to be stronger [1993]. Infections that infect 

directly evolve to be weak enough to maintain the host. Infections cause most genetic and chronic diseases. 

 

Alain Connes [Connes, Alain] 

physicist 

France 

1994 

Phase spaces can show results of non-commutative operations {non-commutative geometry, Connes} and so represent 

non-commutative algebras. For example, space rotations are non-commutative. Phase spaces representing quantum 

effects are non-commutative. Geometry can be non-commutative if axes are different, rather than equivalent. Cross 

products are non-commutative. His non-commutative phase space can represent all elementary particle symmetry 

groups. This space has two continuous spaces, which have bosons, linked by discrete non-commutative space, which 

has Higgs particles, predicted to have mass of 160 GeV. Using this space defines what renormalization is 

mathematically, rather than it looking ad hoc, with Dirk Kreimer. Perhaps, space has fractional dimensions related to 

gravitation. Gravity has non-commutation of quanta and operations, and this can give rise to time, just as atomic 

motions give rise to temperature, with Carlo Rovelli. 

 

Brian Goodwin [Goodwin, Brian] 

mathematician 

USA 

1994 

How the Leopard Changed Its Spots: The Evolution of Complexity [1994] 

Self-organizing systems follow physical laws and describe living-system energy flows. 

 

James B. Hartle [Hartle, James B.] 

physicist 

USA 

1994 

He invented decoherence theory, with Gell-Mann [1994]. With Robert Geroch, he studied quantum gravity as 

superpositions of all possible four-dimensional space-time curvatures weighted by complex numbers [1986], but it is 

impossible to prove that two different four-dimensional space-time topologies are the same, so they can be unique or 

degenerate. 

 

Stephen Wolfram [Wolfram, Stephen] 

mathematician 

USA 

1994 to 2002 

Cellular Automata and Complexity: Collected Papers [1994]; New Kind of Science [2002] 

He invented Mathematica software. 

Science does not need laws expressed as mathematical equations. Simple non-linear rules operating on simple units can 

generate all pattern types and describe all phenomena. Because they can be equivalent to any algorithm, cellular 

automata can describe all complex processes. Physical systems satisfying differential equations can be cellular 

automatons, by substituting finite differences and discrete variables for differential equations. His Rule 30 seems to 

create unpredictable pattern, rather than expected recursiveness. 

www.stephenwolfram.com/publications/articles/date.html. 

 

Christof Koch [Koch, Christof] 

biologist 

USA 

1994 to 2004 

Large-Scale Neuronal Theories of the Brain [1994: with Joel L. Davis]; Biophysics of Computation [1999]; Quest for 

Consciousness [2004] 

He lived 1956 to ?. Neural activity differs in dreaming, awake, or brain-damaged {activity principle, Koch}. Different 

animal types can have different neural-activity patterns. Perhaps, some neuron set has same ion channels, shape, 

receptors, axons, or biochemistry {neuronal correlates of consciousness, Koch}. 

 



Edward Witten [Witten, Edward] 

physicist 

USA 

1995 

He lived 1951 to ? and used duality to solve string theory problems [1995]. In one string-theory version, strong 

coupling is equivalent to weak coupling, for calculation. 

 

Craig Venter [Venter, Craig] 

biologist 

USA 

1995 to 2001 

He organized scientists to sequence a free-living organism [1995] and the human genome [2001]. Haemophilus 

influenzae bacterium has 1000 genes with 1,800,000 bp. 

 

Alwyn Scott [Scott, Alwyn] 

mathematician 

USA 

1995 to 2005 

Stairway to the Mind [1995]; Neuroscience: A Mathematical Primer [2002]; Nonlinear Science: Emergence and 

Dynamics of Coherent Structures [2003: 2nd edition]; Encyclopedia of Nonlinear Science [2005: editor] 

Brain has hierarchical structure and new properties can arise at highest levels. 

 

William H. Calvin [Calvin, William H.] 

biologist 

USA 

1996 

How Brains Think [1996]; Cerebral Code [1996] 

Brain works by selection. 0.5-mm-diameter cortical hexagonal columns and their lateral connections represent symbols. 

Columns vary, compete, and replicate. Symbols integrate and coordinate to make scenes and help each other compete 

and copy. Consciousness is image or scene that is most populous {scenario spinning}. 

 

Albert Libchaber [Libchaber, Albert] 

physicist 

France 

1996 

He used a liquid-helium box to study turbulence onset and found that it had period doubling, as in other complex non-

linear systems [1996]. First, system reaches steady state as cylinders roll, then convection rolls become toruses, then 

those bifurcate, making 1, 2, 4, 8, 16, and so on, rolls as convection coil goes faster, and turbulence increases. 

 

Huw Price [Price, Huw] 

philosopher 

Australia 

1996 

Times's Arrow and Archimedes' Point [1996] 

He studied time. 

 

Benjamin W. Schumacher [Schumacher, Benjamin W.] 

mathematician 

USA 

1996 to 1998 

Quantum data processing and error correction [1996] 

Information is only in physical media, which store bits or qubits {information science, Schumacher}. Physical medium 

can transform and/or transfer information to process information. Output from processing must be verifiable or 

complete task. 

 

Robert M. Hazen [Hazen, Robert M.] 



chemist 

USA 

1996 to 2000 

Comparative Crystal Chemistry [1982: with L. W. Finger]; High-Temperature and High-Pressure Crystal Chemistry 

[2000] 

Minerals have crevices in which molecules can hide from ultraviolet light and become concentrated [1996]. Clay and 

mineral surfaces can be chemical-reaction substrates, catalysts, and templates. Minerals, such as calcite, can have 

chirality and select for L or R organic molecules. Biological-molecule metal ions can act as catalysts or energy sources. 

Magnetite can catalyze ammonia formation from nitrogen and hydrogen. Iron, nickel, and sulfur ions are in 

hydrothermal vents. 

 

Matt Ridley [Ridley, Matt] 

journalist 

USA/England 

1996 to 2003 

Origins of Virtue [1996]; Genome [1999]; Nature Via Nurture [2003] 

 

Reuben Hersh [Hersh, Reuben] 

mathematician 

USA 

1997 

What Is Mathematics Really? [1997] 

He wrote popular science. 

 

Richard Morris [Morris, Richard] 

biologist 

Scotland 

1997 

Only active synapses can take up protein to permanently alter synapse [1997], with Uwe Frey. 

 

Ian Wilmut [Wilmut, Ian] 

inventor 

England 

1997 

mammal cloned [1997] 

He cloned Dolly the sheep from adult sheep cells {mammal cloning}. 

 

Ian Tattersall [Tattersall, Ian] 

anthropologist 

England 

1997 to 1998 

Becoming Human [1998] 

He studied human origins from hominins [1997]. 

 

Martin Rees [Rees, Martin] 

astronomer 

England 

1997 to 2001 

Before the Beginning [1997]; Just Six Numbers [1999]; Our Cosmic Habitat [2001] 

He lived 1942 to ? and studied pre-big-bang theories. 

 

Lee Smolin [Smolin, Lee] 

physicist 

USA 

1997 to 2001 

Life of the Cosmos [1997]; Three Roads to Quantum Gravity [2001] 



He studied quantum loop theory. 

 

John Morgan Allman [Allman, John Morgan] 

biologist 

USA 

1998 

Evolving Brains [1998] 

He studied brain evolution. Brains allow animals to account for environment variations in space and time and make 

appropriate responses. More advanced brains allow wider spaces and longer times. Brains require much energy and are 

in animals that can find more and/or better food at higher rate. Complex brains require longer time to develop. Family 

and group structures were necessary for humans to have advanced brains. 

Brains can sense water, food, sexual partners, shelter, and safe locations, as well as predators and dangerous locations. 

Brains can assign priorities to input. Brains can perform activities to get food or water, reproduce, gain shelter and safe 

locations, and avoid predators and dangerous locations. Brains can remember input and output. 

Brains are more complex if environmental niche is more variable. Animals use larger energy amounts, because warm-

blooded. Water, food, sexual partners, shelter, and safe locations are scarcer and predators and dangerous locations are 

more numerous. Maximize age is higher. 

 

Nima Arkani-Hamed [Arkani-Hamed, Nima]/Georgi Dvali [Dvali, Georgi]/Savas Dimopoulos [Dimopoulos, 

Savas] 

physicist 

USA 

1998 

ADD suggested that perceived space-time is inside universe with two more large dimensions [1998]. 

 

Saul Perlmutter [Perlmutter, Saul] 

astronomer 

USA 

1998 

He showed that universe is expanding faster, not slowing, and hypothesized different energy type (dark energy) as 

cause [1998]. 

 

Brian Schmidt [Schmidt, Brian] 

astronomer 

Australia 

1998 

Universe expansion is accelerating [1998]. 

 

Brian Schmidt [Schmidt, Brian] 

astronomer 

Australia 

1998 

He showed that universe is expanding faster, not slowing, and hypothesized different energy type (dark energy) as 

cause [1998]. 

 

James Thomson [Thomson, James] 

biologist 

USA 

1998 

He discovered embryonic stem cells [1998]. 

 

Robert Waterston [Waterston, Robert]/John Sulston [Sulston, John] 

biologist 

USA/England 

1998 

C. elegans genome 



They organized scientists to sequence C. elegans animal genome [1998]. 

 

Rodney M. J. Cotterill [Cotterill, Rodney M. J.] 

biologist 

USA 

1998 to 2003 

Enchanted Looms: Conscious Networks in Brains and Computers [1998] 

Perhaps, consciousness is in anterior cingulate. Consciousness unifies body actions. Perhaps, ability to make new 

reflexes is consciousness purpose. He developed computer simulations (CyberChild) to find neural correlates of 

consciousness. It uses mammalian nervous system circuits grouped into binary composite units. It has two senses, 

hearing and touch. It controls vocalization, feeding, and bladder-control muscles. It has pain receptors for low stomach-

milk level, low blood-sugar level, full bladder, and dirty diaper. Emergent behavior, such as ability to make new 

reflexes, indicates consciousness. 

 

Rita Carter [Carter, Rita] 

journalist 

England 

1999 

Mapping the Mind [1999] 

Brain scans associate brain regions with psychological functions. 

 

Freeman Dyson [Dyson, Freeman] 

chemist 

England/USA 

1999 

Origins of Life [1999] 

He lived 1923 to ?. 

 

Leo Kadanoff [Kadanoff, Leo] 

physicist 

USA 

1999 

Phase transitions and critical points can be hierarchies of phase regions that affect neighbors {phase scaling} [1999]. 

 

Raman Sundrum [Sundrum, Raman] 

physicist 

USA 

1999 

RS-1 [1999]; RS-2 [1999] 

He suggested that universe is inside a universe with one more dimension, where most gravity stays, making perceived 

gravity weak [1999: with Randall]. Space-time is anti-de-Sitter space. 

 

Jamie Zawinski [Zawinski, Jamie] 

mathematician 

Russia 

1999 

He thought that wave/particle duality is contradiction but is still true [1999]. 

 

Brian Greene [Greene, Brian] 

physicist 

USA 

1999 to 2003 

Elegant Universe [1999]; Fabric of the Cosmos [2003] 

He studied string theory. 

 

Lisa Randall [Randall, Lisa] 



physicist 

USA 

1999 to 2005 

RS-1 [1999]; RS-2 [1999]; Warped Passages [2005] 

She suggested that universe is inside a universe with one more dimension, where most gravity stays, making perceived 

gravity weak [1999: with Sundrum]. Space-time is anti-de-Sitter space. 

 

Amir D. Aczel [Aczel, Amir D.] 

mathematician 

USA 

2000 

Mystery of the Aleph [2000] 

Aleph is symbol for infinity levels. 

 

Hans Flohr [Flohr, Hans] 

neuroscientist 

Germany 

2000 

Inhibition or blocking of NMDA receptor complexes, as done by ketamine and nitrous oxide, causes unconsciousness 

[2000]. Consciousness is a high-level representation that brain has representations, using NMDA-receptor-linked cell 

assemblies firing synchronously [Flohr, 2000]. However, NMDA receptors are just as involved in non-conscious 

processes [Hardcastle, 2000]. Many anesthetics, such as etomidate, act on other sites [Franks and Lieb, 2000]. 

 

Stephen G. Waxman [Waxman, Stephen G.] 

physician 

USA 

2000 

Correlative Neuroanatomy [2000] 

 

Lawrence Krauss [Krauss, Lawrence] 

physicist 

USA 

2000 to 2012 

Quintessence [2000]; A Universe from Nothing [2012] 

He studied dark energy. 

 

Scott Kirkpatrick [Kirkpatrick, Scott] 

mathematician 

USA 

2001 

traveling-salesman problem [2001] 

Salesmen want to travel shortest distance among cities, with no path duplication. What is the shortest path {traveling-

salesman problem, Kirkpatrick} [2001]? Traveling-salesman problems are NP-complete. Number of possible paths is 

factorial of number of cities, divided by two, because trips can be in either direction. Tours are vertexes of N-

dimensional polygons. Tours that differ by one city are near each other in N-dimensional space. Simulated annealing 

can find shorter paths but allow longer paths, to avoid local minima. Techniques can find good paths but not 

necessarily the best. 

 

Fred C. Adams [Adams, Fred C.] 

astronomer 

England 

2002 

Our Living Multiverse [2002] 

Our universe is one of many universes (multiverse), with different physical parameters. 

 



Richard Gibbs [Gibbs, Richard]/Eric Green [Green, Eric]/Eric Lander [Lander, Eric]/Richard McCombie 

[McCombie, Richard]/Douglas Smith [Smith, Douglas]/Bruce Roe [Roe, Bruce]/Elbert Branscomb [Branscomb, 

Elbert]/Ian Jackson [Jackson, Ian]/Steve Brown [Brown, Steve]/Peter Little [Little, Peter]/Jane Rogers [Rogers, 

Jane]/Duncan Campbell [Campbell, Duncan] 

biologist 

USA 

2002 

They organized scientists to sequence mouse genome. 

 

Axel Cleeremans [Cleeremans, Axel] 

biologist 

USA 

2003 

Unity of Consciousness: Binding, Integration and Dissociation [2003: editor] 

Consciousness unifies by integrative processes among brain parts. 

 


