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universe origin 

beginning 

Universe 

-13720000000 

About 13.72 billion years ago, universe space-time began, and space expanded at light speed. 

It was not an explosion. Expansion happened to space, not in space. Because all space expanded equally, expansion and 

space had no center and no edge. Explosions have central point and farthest reach. 

At origin, radiation had maximum density, maximum temperature (too hot to allow particles), and maximum pressure. 

Radiation was homogeneous, so every point had the same temperature, pressure, and density. Space had maximum 

curvature. Radiation had random motion but no net motion, because space expanded equally in all directions. 

As universe cooled, lower energies allowed symmetry breaking, and new phases and matter-and-energy states arose. 

 

Planck era 

beginning 

Universe 

-13720000000 

From universe origin to Planck time {Planck epoch} {Planck era}, 10^-43 seconds after universe origin, universe was 

quantum foam, with quantum gravity. Temperature was more than 10^32 K. Total energy was more than 10^15 GeV. 

Universe diameter was less than 10^-36 meters. Universe was homogeneous, because all parts were close enough so 

gravitons and photons from any point affected all other points, and so united the universe. 

 

forces unified 

beginning 

Universe 

-13720000000 

About 10^-43 seconds after universe origin, universe diameter was 10^-36 meters, temperature was 10^32 K, total 

energy was 10^15 GeV. Until 10^-39 seconds after universe origin, universe had united forces. Strong force was 

weaker, electromagnetic force was similar, weak force was stronger, and gravity was very much stronger. 

 

unity ended 

beginning 

Universe 

-13720000000 

About 10^-39 seconds after universe origin, by symmetry breaking, strong nuclear force disengaged from 

electromagnetic and weak nuclear forces. Temperature was 10^30 K. Universe diameter was smaller than electron 

diameter. Some universe points were farther away than light travels during 10^-39 seconds, so universe had separate 

and independent gravitationally and electromagnetically evolving points, and was no longer homogeneous. 

Gravitational collapse can occur only in region sizes over which gravitons can travel during 10^-39 seconds, so energy 

distribution began to be irregular. 

 

inflation of universe 

beginning 

Universe 

-13720000000 

Between 10^-36 and 10^-34 seconds after universe origin, temperature was 10^28 K, and universe diameter was 

smaller than electron diameter. Starting between 10^-36 and 10^-34 seconds after universe origin until 1 second after, 

space underwent even more rapid expansion {inflation of universe} of 10^30 times, as allowed by general relativity. 

Universe grew to softball size. Photons had least-ordered thermal energy states, and nucleons had most order. 

 

Compton time 

beginning 
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Universe 

-13720000000 

About 10^-23 seconds {Compton time} after universe origin, universe was 10^-15 meters diameter {Compton 

wavelength}, electron size. 

 

unity stopped 

beginning 

Universe 

-13720000000 

About 10^-11 seconds after universe origin, at temperature 2.5 x 10^15 K, electromagnetic and weak forces became 

independent, by symmetry breaking. Universe was atom size. 

 

hadrons and mesons 

beginning 

Universe 

-13720000000 

About 10^-5 seconds to 10^-4 seconds after universe origin, quarks formed short-lived hadrons and mesons, as 

universe cooled enough to allow matter. Temperature was 2 x 10^12 K. Matter had charges, so universe had hot 

plasma. 

 

stable matter 

beginning 

Universe 

-13720000000 

About 10^-3 seconds after universe origin, temperature was 10^12 K. Universe had diameter two light-years. Long-

lived protons, neutrons, electrons, positrons, and neutrinos formed, all traveling at nearly light speed, with masses ten 

times more than rest masses. Universe density was 4 x 10^9 g/cm^3. Number of protons equaled number of neutrons. 

Universe had hot plasma. Strong force was dominant. 

 

neutrinos 

beginning 

Universe 

-13720000000 

About 10^-2 seconds after universe origin, temperature was 10^11 K. Number of neutrinos became constant, because 

they no longer interacted with other matter. Neutrinos had lower background temperature than photons. Universe was 

mostly in thermal equilibrium. 

 

deuterium 

beginning 

Universe 

-13720000000 

From 10^-2 seconds to 2 * 10^2 seconds after universe origin, protons and neutrons became deuterium, helium, and 

lithium. Free protons are hydrogen nuclei. One proton and one neutron bind to make deuterium nuclei. Two protons 

and two neutrons bind to make helium-4 nuclei. Three protons and four neutrons bind to make lithium-7 nuclei. 

 

antimatter ended 

beginning 

Universe 

-13720000000 

About 1 second after universe origin, temperature was 5 x 10^10 K. Universe had diameter 1 light-year. Electrons and 

positrons were no longer created, so they annihilated each other, except for excess electrons that made hot plasma. 

Protons and neutrons were still being created, and universe was 75% protons and 24% neutrons. Density was 10^5 

g/cm^3. 

 

helium 

beginning 
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Universe 

-13720000000 

About 100 seconds after universe origin, temperature was 10^9 K to 10^10 K. Particle creation stopped, so only 

protons, electrons, and neutrons existed. Neutron number was 1/6 to 1/7 of proton number: 85% protons and 15% 

neutrons. Protons and electrons made hot plasma. Weak force was dominant, so neutrons and protons were in thermal 

equilibrium. Nuclear fusion began to make helium nuclei from hydrogen nuclei. 

 

density fluctuations 

beginning 

Universe 

-13720000000 

About 1000 seconds after universe origin, temperature was 10^9 K. Universe diameter was 100 light-years. 25% of 

protons were in helium. Lithium-7 nuclei had 10^-10 of protons. Hydrogen, deuterium, and tritium nuclei were 75% of 

matter. Helium was 25% of matter. Lithium was 0.0000000001% of matter. Matter and energy density was 0.9 g/cm^3. 

Photons interacted with free electrons {coupling of matter and radiation} {Thomson scattering}. Electromagnetic force 

was dominant over gravity and pressure, so photons were like viscous fluid, allowing universe density fluctuations 

{density fluctuations}, which persisted. 

 

matter clumping 

beginning 

Universe 

-13719930000 

About 70,000 years after universe origin, matter became more than radiation. Gravity clumped matter. 

 

recombination 

beginning 

Universe 

-13719700000 

About 300,000 years after universe origin, temperature was 3000 K. Universe had density 10^-20 g/cm^3 and diameter 

10^8 light-years. Because temperature dropped below ionization temperature, atomic nuclei had cooled enough to 

capture electrons, and neutral hydrogen atoms formed {recombination, cosmology}. Gas pressure was stronger than 

gravity in dense regions. 

Universe was no longer hot plasma and no longer opaque to radiation {last scattering surface}. Because ionization 

stopped, particles no longer absorbed radiation, and photons were no longer in equilibrium with particles, so universe 

became transparent, as it is now. Cosmic microwave background radiation (CMB) began. CMB was homogeneous to 1 

part in 10,000 (but that small irregularity began galactic clusters). 

 

darkness 

beginning 

Universe 

-13719000000 

About 1,000,000 years after universe origin, background radiation had cooled to below temperature of visible light, and 

universe became dark, as it is now. 

 

photon energy 

beginning 

Universe 

-13620000000 to -12720000000 

Before recombination, atom kinetic energy, photon energy, and neutral-hydrogen-atom spin energy {spin temperature} 

were the same. Kinetic energy caused collisions that transferred energy to and from electron spin. Kinetic-energy 

exchanges between atoms and free electrons caused photon-energy changes. Photon energy transferred to and from 

electron spin. After recombination, kinetic energy and spin energy declined faster than CMB photon energy. Continual 

collisions equalized spin and kinetic energies. About 10^8 years after universe origin, gas was too dilute to have 

enough collisions to keep spin and kinetic energies equal, and spin energy started to increase as particles absorbed 

photon energy. At same time, star and/or galaxy radiation started to heat gas and cause higher kinetic energy. About 
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10^9 years after universe origin, spin and kinetic energies were equal again. Photon energy decreases continuously as 

universe expands. 

 

galaxies 

beginning 

Universe 

-13620000000 

About 10^8 years after universe origin, temperature was -170 C. Universe had diameter 3 x 10^9 light-years, 1/30 of 

now. Universe asymmetries resulted in inhomogeneities that allowed galactic strings, galactic clusters, and galaxies to 

form. Dwarf galaxies formed by gravity, as hydrogen and helium atoms condensed into clouds. Clouds started to rotate, 

as they became denser. Colliding galaxies developed central supermassive black holes. As galaxies collided, densest 

spots became stars, as shock waves concentrated matter. Star gravity further clustered gas. Stars gave off light and heat. 

Radiation began to ionize surrounding gas. 

 

stars 

beginning 

Universe 

-13220000000 

About 5 x 10^8 years after universe origin, stars began to form as galaxies collided and became bigger. Exploding stars 

formed elements heavier than lithium. 

 

reionization 

beginning 

Universe 

-12720000000 

About 10^9 years after universe origin, all intergalactic gas ionizes. Perhaps, galaxy central black-hole formation 

caused ionizing radiation. Perhaps, radiation came only from stars. 

 

Milky Way Galaxy 

galaxy 

Milky Way Galaxy 

-1200000000 to -900000000 

From 12 billion to 9 billion years ago, Milky Way Galaxy formed, along with other galaxies. 

 

star formation peak 

star 

Universe 

-9000000000 

About 9 billion years ago, galaxy collisions and star formation maximized. 

 

expansion increase 

energy 

Universe 

-5000000000 

About 5 billion years ago, dark energy started to increase space expansion, because its density was greater than matter 

density. Universe diameter was 10^11 light-years. Density was 3 x 10^-30 g/cm^3, with 10^8 photons/nucleon. 

Background photons had 3 K blackbody background radiation, so temperature was 3 K. 

 

Sun 

star 

Solar System 

-4570000000 

About 4.57 billion years ago, sun and planets formed. Galaxy shock waves concentrated matter and encouraged star 

formation. 

 

Earth formed 
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planet 

Earth 

-4570000000 to -4500000000 

High-metal-content stars can form planets with air, land, and liquid water. About 4.57 billion years ago, Earth accreted 

matter from stellar disk. Then radioactivity melted Earth, and Earth formed different-density layers. Atmosphere had 

mostly carbon dioxide. 

 

Moon formed 

moon 

Earth 

-4500000000 to -4450000000 

About 4.5 billion years ago, Moon formed when asteroid or comet twice as wide as Moon hit Earth. 

 

Hadean 

era 

Earth 

-4500000000 to -4000000000 

About 4.5 billion years ago, gravitational potential energy to kinetic energy conversion (as iron sank to form Earth's 

core), meteorite collisions, and radioactive decay (six times more intense than now) melted Earth. Surface was 1300 K. 

 

asteroids hit 

asteroid 

Earth 

-4500000000 to -3500000000 

About 4.5 billion years ago, asteroids regularly hit Earth. 

 

crust formed 

land 

Earth 

-4450000000 to -4400000000 

About 4.45 billion years ago, Earth's crust formed, and liquid water appeared. (However, if meteorites were few and 

atmosphere did not trap much heat, crust appeared after only 10,000,000 years and surface was cool, because Sun was 

faint.) 

 

oceans formed 

ocean 

Earth 

-4450000000 to -4400000000 

About 4.45 billion years ago, water in comets and asteroids formed oceans. 

 

zircon 

rock 

Australia 

-4300000000 

ZrSiO4 [4 is subscript] {zircon, rock} has zirconium, silicon, and oxygen. Zircons do not change in metamorphic 

processes and can move far from sources. Zircons contain radioactive uranium, which allows determining age. Their 

oxygen can have different isotopes, depending on formation temperature, with more oxygen-18 at low temperatures 

and with liquid water (from rain or ocean). Dot-sized zircon crystals are in Jack Hills conglomerate [-3,000,000,000] 

and Mt. Narryer in west Australia. These zircons had more oxygen-18 than mantle zircons and so formed in water. 

These zircons also have minerals from formation-site granitic rock, like continental crust. Therefore, these zircons had 

stayed on surface and never gone inside Earth, implying that Earth had a stable surface by 4.3 billion years ago. 

 

Isua 

life 

Isua, Greenland 

-3800000000 
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About 3.8 billion years ago, the oldest sedimentary rocks (which only form underwater) formed in southwest 

Greenland. They have fossil cells. 

 

1000 years from now 

future 

Earth 

3000 

About 1000 years from now, people will occupy all solar-system planets, moons, and space stations and be at nearby 

stars. The human line can then never end. Transceivers will allow accurate control of distant actions. Space stations and 

spaceships will link all solar system planets and satellites. 

Energy production and control will increase greatly. 

People will know exact conditions for starting and evolving life for all stars, planets, and life forms. Curiosity will be 

high. There will be no fear of contact. Transceivers will scan universe for signals from all possible life sources outside 

solar system. 

Many miniature robot probes will explore all stars within 1000 light-years. Probes will have communication and 

analyzing powers. They will need no occupants, and light weights will allow speeds of 0.01 c. High quality, large 

numbers, and multiple controls cause probes never to stop or fail. Places found to have life will have many probes. The 

advanced economy and energy efficiencies can pay for probes. 

Individual life span will lengthen to 150 years by organ replacement, cell rejuvenation, genetic alteration and 

supplementation, drugs, nutrition, exercise and relaxation programs, and mental health care. 

Control over environment will be better. 

Childhood will lengthen. 

Brain will extend by man-machine interfaces, drugs, feedback techniques, and other mental controls. Humans will have 

consciousness that can inhabit machine, body, or both at once, with many specialized modules. People will be able to 

consciously move between consciousness types. 

People will have many activities available. People will have exact mastery of all tasks. People can choose to be perfect 

in anything. Memory will be easy for all. Language will become perfect. All current knowledge will always be 

available. Perception techniques will enable perception from smallest to largest and coldest to hottest. 

 

10000 years from now 

future 

Earth 

12000 

About 10000 years from now, many experiments will test social-science and natural-science theories. All knowledge 

and culture will be available to all people. All people will connect by many communication channels. 

Cities will have buildings that change color and transparency to save energy. 

People will have lifetime of 150 years. New people species will develop, for specialized tasks and environments, like 

under sea or in space. Specialized robotic beings will perform set tasks, repair each other, and plan. Species Homo will 

be extinct. People will have interconnection with machines, aided by drugs and bionics, making man-machines. 

Earth will federate all cultural groups (Terran Union), with no states. Individual rights and interests will always prevail 

over state and society rights. Freedom, cooperation, harmony, and responsibility will be values. There will be congenial 

environments for all people and person types. Work will have further specialization and labor division. 

Humans will not get to universe limits, because it is expanding, but they can inhabit nearby regions. However, 

inhabitants will not be able to communicate efficiently. 

 

1000000 years from now 

future 

Earth 

1002000 

About 10^6 years from now, people will have evolved into many new species. Intelligent computers will work at all 

levels. Special analyzers will be available for medicine, law, and technology. 

Giant solar collectors and large-scale hydrogen fusion will give billions of times more energy, with little pollution. 

Moons and planets will give unlimited raw materials, and planet construction will begin. There will be great wealth for 

all. Galaxy will have large-scale changes. 

Giant communications antennas and equipment will be everywhere. People will be able to use very low and very high 

temperatures. 
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Tectonic activity will become smaller as Earth cools. Mountain building will decrease, Earth will be flatter, Siberia and 

Alaska will join, Asia and Australia will join, Panama will submerge, ocean will cover current continent edges, and 

glaciers will return. 

 

10 to the 9 years from now 

future 

Universe 

1000002000 

About 10^9 years from now, growth will eventually slow. Space expansion, cooling, and randomization effects will 

tend to minimize space curvature and deconcentrate mass and energy. Everything will run best, with no waste or 

inefficiency. Thought and Mind growth will taper off. Perhaps, thought will control future. 

 

5 x 10 to the 9 years from now 

future 

Universe 

5000002000 to 6000002000 

About 5 x 10^9 years from now, Sun will become red giant. Earth will be 700 K. 

 

1 x 10 to the 10 years from now 

future 

Universe 

15000002000 

About 1.5 x 10^10 years from now, Sun will become cool white dwarf star. Earth will freeze. 

 

7 x 10 to the 11 years from now 

future 

Universe 

700000002000 

About 7 x 10^11 years from now, universe will be at Gibbons-Hawking temperature. 

 

2 x 10 to the 12 years from now 

future 

Universe 

5000000002000 

About 2 x 10^12 years from now, only nearby galaxies will be visible. 

 

10 to the 14 years from now 

future 

Universe 

100000000002000 

About 10^14 years from now, no more stars form. Stars will be iron and have no more fuel, because iron cannot fuse, 

so all stars will cool. 

 

10 to the 15 years from now 

future 

Universe 

1000000000002000 to 100000000000002000 

About 10^15 years from now, no planets will be around stars. 

 

10 to the 18 years from now 

future 

Universe 

1000000000000002000 

About 10^18 years from now, many stars will escape from galaxies, and galaxies will collapse, to leave only small 

galaxy cores. 
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10 to the 20 years from now 

future 

Universe 

100000000000000002000 to 1000000000000000000000000002000 

About 10^20 years from now, escaped stars will maintain universe temperature of 3 K to 100 K, until 10^30 years after. 

 

10 to the 30 years from now 

future 

Universe 

1000000000000000000000000002000 

About 10^30 years from now, all galaxies will be in black holes. 

 

10 to the 32 years from now 

future 

Universe 

100000000000000000000000000002000 

About 10^32 to 10^33 years from now, proton decay to leptons will finish. Universe will be 10^13 to 10^20 bigger 

than now, so distance between two free particles will be 10^5 light-years. Universe will be gas of electrons, positrons, 

photons, neutrinos, and supermassive black holes. 

 

10 to the 65 years from now 

future 

Universe 

10000000000000000000000000000000000000000000000000000000000002000 

About 10^65 years from now, matter becomes liquid through quantum tunneling. 

 

10 to the 70 years from now 

future 

Universe 

1000000000000000000000000000000000000000000000000000000000000000002000 

About 10^70 years from now, if radiation dominates at critical density, electrons and protons will be part of atoms as 

big as universe is now. They will attract each other and annihilate to make photons. 

 

10 to the 85 years from now 

future 

Universe 

1000000000000000000000000000000000000000000000000000000000000000000000000000000002000 

About 10^85 years from now, electrons and positrons will combine. 

 

10 to the 98 years from now 

future 

Universe 

100000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000020

00 

About 10^98 years from now, largest black holes have evaporated. 

 

10 to the 100 years from now 

future 

Universe 

100000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

02000 

About 10^100 years from now, black holes will have all decayed and evaporated, making mostly photons. If radiation 

dominates universe, it will become anisotropic. 

If universe closes at maximum expansion, it will have dead stars, black holes, photons, and neutrinos. If universe 

contracts, it will make more energy, because photons will be blue-shifted instead of red-shifted, and black holes will eat 

all matter until all things are in one black hole. 
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