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    A BRIEF HISTORY OF TIME: FROM THE BIG BANG TO BLACK HOLES


    A SUMMARY OF HUMANITY’S STUDY OF THE UNIVERSE


    Stephen Hawking guides the reader through 2000 years of cosmological investigation that lead us to our current understanding of the universe. He presents the theories of major scientists and explains how they build on each other — from knowledge of our spherical earth in a heliocentric solar system to discussing the impact of quantum mechanics on gravity. This book holds a unique position, being the contribution of a leader in cosmology and theoretical physics that was widely embraced by a popular audience. Hawking weaves together a narrative lecture that explains the seismic shifts in cosmological understanding.
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          Key words:

          
            	Anthropic principle: “We see the universe the way it is because if it were different we would not be here to observe it.” (p.235)


            	Antiparticle: “Each type of matter particle has a corresponding antiparticle. When a particle collides with its antiparticle, they annihilate, leaving only energy.” (ibid.)


            	Big bang: “The singularity at the beginning of the universe.” (p.236)


            	Big crunch: “The singularity at the end of the universe.” (ibid.)


            	Chandrasekhar limit: “The maximum possible mass of a stable cold star, above which it must collapse into a black hole.” (ibid.)


            	Conservation of energy: “The law of science that states that energy (or its equivalent in mass) can neither be created nor destroyed.” (ibid.)


            	Cosmology: “The study of the universe as a whole.” (ibid.)


            	Dark energy: “An unknown form of energy which is accelerating the expansion of the universe and is believed to permeate all of space.” (ibid.)


            	Dark matter: “Matter in galaxies, clusters, and possibly between clusters, that cannot be observed directly but can be detected by its gravitational effect. As much as 90 percent of the mass of the universe may be in the form of dark matter.” (p.237)


            	Friedmann models: “Descriptions of the evolution and fate of the universe, based on Einstein’s general relativity. For sufficiently high densities of matter, these models predict that the universe will eventually collapse in on itself in a ‘big crunch.’” (p.238)


            	Grand unification energy: “The energy above which, it is believed, the electromagnetic force, weak force, and strong force become indistinguishable from each other.” (p.239)


            	Grand unified theory (GUT): “A theory which unifies the electromagnetic, strong, and weak forces.” (ibid.)


            	Imaginary time: “Time measured using imaginary numbers.” (ibid.)


            	Light cone: “A surface in space-time that marks out the possible directions for light rays passing through a given event.” (p.240)


            	Mass: “The quantity of matter in a body; its inertia, or resistance to acceleration.” (ibid.)


            	No boundary condition/proposal: “The idea that the universe is finite but has no boundary (in imaginary time).” (ibid.)


            	Planck’s quantum principle: “The idea that light (or any other classical waves) can be emitted or absorbed only in discreet quanta, whose energy is proportional to their wavelength.” (p.241)


            	Quantum: “The indivisible unit in which waves may be emitted or absorbed.” (p.242)


            	Quantum mechanics: “The theory developed from Planck’s quantum principle and Heisenberg’s uncertainty principle.” (ibid.)


            	Quark: “A (charged) elementary particle that feels the strong force. Protons and neutrons are each composed of three quarks.” (ibid.)


            	Red shift: “The reddening of light from a star that is moving away from us, due to the Doppler effect.” (ibid.)


            	Singularity: “A point in space-time at which the space-time curvature becomes infinite.” (ibid.)


            	Space-time: “The four-dimensional space whose points are events.” (p.243)


            	Spin: “An internal property of elementary particles, related to, but not identical to, the everyday concept of spin.” (ibid.)


            	String theory: “A theory of physics in which particles are described as waves on strings. Strings have length but no other dimension.” (ibid.)


            	Uncertainty principle: “The principle, formulated by Heisenberg, that one can never be exactly sure of both the position and the velocity of a particle; the more accurately one knows the one, the less accurately one can know the other.” (p.244)


            	Wormhole: “A thin tube of space-time connecting distant regions of the universe. Wormholes might also link to parallel or baby universes and could provide the possibility of time travel.” (ibid.)

          

        

      

    

  


  
    CONTEXT


    THE AUTHOR


    Professor Stephen William Hawking is one of the best-known theoretical physicists of the 20thcentury. Born in England on 8January 1942, Stephen Hawking was the son of Frank, a medical researcher, and Isobel, a secretary for a medical research institute. Hawking was interested in mathematics from an early age and was nicknamed “Einstein” by his school classmates. In 1959, he attended his father’s alma mater, University College, Oxford, where he studied physics and chemistry.


    When Hawking was 21 years old, he was diagnosed with ALS (also known as Lou Gehrig's disease). Over several decades, he would gradually become paralysed. This disease eventually confined him to a wheelchair and forced him to rely on a special speech synthesiser. As a result, Hawking advocated for the rights of disabled people. He also participated in fundraisers for various charities supporting the disabled.


    In addition to receiving 13 honorary degrees, Hawking received numerous awards and honours, including the Commander of the Most Excellent Order of the British Empire (1982), the Companion of Honour (1989), the Presidential Medal of Freedom (2009), the Fundamental Physics Prize (2013), the Copley Medal (2006), and the Wolf Foundation Prize (1988).


    On 14March 2018, Hawking died at the age of 76. His death was mourned by many and his ashes were scattered at Westminster Abbey next to the grave of Sir Isaac Newton (English physician and mathematician, 1642-1727).


    CONTEXT AND BACKGROUND


    Albert Einstein’s (German-American physicist, 1879-1955) theories of general and special relativity furthered discussions of gravity and the speed of light to the level necessary to predict the movement of celestial bodies and their experience of time with greater accuracy than Newton’s theories. Edwin Hubble (American astronomer, 1889-1953) demonstrated that the universe is expanding because distant galaxies are getting farther away, which can be seen by the red shift in the light we receive from them. Quantum mechanics, driven by Max Planck’s (German physicist, 1858-1947) and Werner Heisenberg’s (German physicist, 1901-1976) principles, prepared the discussion of subatomic particles and their implications for gravity. Hawking mathematically established the current understanding of black holes and their emissions (Hawking radiation). Hawking incorporates these significant discoveries and their implications to explain how the universe works, postulating its origin and conclusion.

  


  
    SUMMARY OF A BRIEF HISTORY OF TIME


    Stephen Hawking wrote A Brief History of Time to explain in accessible language the core of current scientific understanding. He starts with the ancient Greeks and moves through the discoveries that have shaped scientific thought. A heliocentric model (in which Earth and the other planets in the solar system revolve around the sun) combined with Newton’s laws of motion explained the activity of our solar system. Einstein’s special theory of relativity explained inconsistencies between Newton’s model and our observations of planets’ paths. There are theories of gravitational and electromagnetic forces that combine in general unification theories. These theories are incomplete and deliberately ignore known phenomena in order to accomplish a partial explanation. Hawking also explains the theoretical existence of black holes and wormholes. Hawking discusses all this as a foundation of understanding how the universe works, at what point it started, and at what point it will conclude. But even this theory is not the ultimate goal. Hawking states: “A complete, consistent, unified theory is only the first step: our goal is a complete understanding of the events around us, and of our own existence” (p.204).


    Newton’s laws require that there is no absolute space, meaning a position that is at rest and not moving. Regardless of their position, scientists will find the same laws of science in operation. Ole Christensen Roemer (Danish astronomer, 1644-1710) deduced in 1676, from his observations of Jupiter’s moons, that light travelled at a very high, but limited, speed. In 1865, James Clerk Maxwell (Scottish physicist, 1831-1879) unified the incomplete theories to explain the electro-magnetic spectrum. The explanation of light’s speed was troublesome, and based on the presence of ether in space through which all objects moved. Albert Einstein rejected the necessity of ether in favour of recognising that time was not absolute, but relative. He explained that just as Newton’s laws demonstrated that there was no absolute space, there was no absolute time. Time did not impact measuring the speed of light. His easily reproduced formula (E=mc2) means that only particles, which have no mass, can travel at the speed of light. Mass increases the closer an object gets to the speed of light, and so for an object to travel at the speed of light it would need to have infinite mass. The speed of light is, apparently, the only constant, since time and space are relative. Thus, distance can be expressed in terms of light’s journey: a light year is the distance travelled by light in one year. This means that time and space are connected and form space-time.


    Like ripples in a pond, light waves spread. After intervals of time they are gradually wider, and snapshots over these increments of time would form a cone. The cone proceeding from the event is the future of that event. The events that led to its occurrence are the past of that event. The possible events that gradually focus on the occurrence of the event form a cone, narrowing towards its occurrence. Objects outside of the past, present, or future of the event are termed as being in the elsewhere. Given that light from the sun takes eight minutes to travel to Earth, if the sun suddenly died it would take Earth eight minutes to enter the future of that event. Thus, the observations of galaxies at great distances from our own imply that we are observing what occurred millions of years ago.


    The special theory of relativity ignored the gravitational effects that bodies exert on each other. According to Newton, when an object moves it immediately exerts attraction on other objects. This exceeds the speed of light, which contradicts the assumptions of the theory. In 1915, Einstein presented a long-considered solution: gravity, unlike other forces, is a direct result of the warping of space-time. This warping is due to the mass and energy in the universe. Thus, the planets orbit the sun according to their geodesic, the shortest path between two points. Just as the great circle on Earth is the basis of flight navigators, planets orbit in the most efficient path. General relativity explained the behaviour of planets that seemed to deviate from Newton’s theory. This means that light from distant stars would be bent by the gravitational force of the sun. Time also moves slower the closer you are to a giant body. Time is therefore a personal experience that is based on position and velocity.


    In 1924, Edwin Hubble showed that the Milky Way was but one of many galaxies, all with massive voids between them. Based on the assumption that the brightness of certain types of stars is consistent, Hubble deduced the distance of nine separate galaxies. Since the Doppler effect demonstrates the intensity of waves influenced by movement, astronomers observe either a blue or red shift in the light received from stars based on whether the star is drawing closer to or getting farther away from Earth. Hubble found that most galaxies were quickly moving away from the Milky Way. This shows that the universe is expanding.


    Alexander Friedmann (Russian physicist and mathematician, 1888-1925), a contemporary of Einstein’s, proposed a theory based on two assumptions: that the universe has a uniform appearance in all directions and that this is observable from any point in the galaxy. Regarding the second assumption, Hawkins states: “We have no scientific evidence for, or against, this assumption. We believe it only on grounds of modesty: it would be most remarkable if the universe looked the same in every direction around us, but not around other points in the universe!” (p.50). Friedman’s model posits three possibilities for the universe: expansion then collapse, rapid expansion, or slowing expansion. Currently, even while positing the existence of ‘dark’ and other forms of matter, the universe does not have enough observable mass to exert gravitational attraction that will limit its own expansion (like a rocket not achieving escape velocity). Still, Hawking posits that the universe will ultimately contract in what he terms “the big crunch.” The universe will ultimately return to its origin.


    Everything that exists is drifting apart, like the inflation of a balloon, which indicates that at some point all the universe occupied the same space. Current models of mathematics do not work to explain the big bang because the mass at the big bang would have been infinite. Since nothing before the big bang could have predicted its outcome, anything that was in existence beforehand is irrelevant. There is no point in postulating where everything has come from, since the laws of physics would be so different in that situation.


    In 1965, Roger Penrose (English physicist and mathematician, born in 1931) demonstrated that a star that shrinks in size under the pull of its own gravity would ultimately reach zero volume while retaining its gravitational pull because the imprint on space-time and infinite matter create a black hole, which is a point zero volume and infinite density. This may also be described as a singularity, which is a point where space-time is infinitely curved. Hawking originally worked with Penrose and incorporated some of Penrose’s theory into his dissertation. Hawking reversed Penrose’s order of the collapse into a singularity to demonstrate the expansion of the universe from a singularity for his doctoral dissertation.


    The expansion of the universe does not require a boundary. An illustration of the universe’s expansion and contraction may be represented by a sphere, like our planet. The universe has consistently expanded since the big bang. But since space-time is curved, if you could travel at the speed of light you would eventually end up where you began. The universe, like the Earth, has no edge.


    At various points, Hawking mentions God and asks what role he might have played in the universe. The input of one of our leading cosmologists on the existence of God is significant. For instance, the big bang may have had multiple and varied unpredictable irregularities that should not have produced such a regular and uniform distribution for our universe. If these irregularities were intense, then God must have been the clockmaker forming the beginning so nature would unfold with such stable laws. If these irregularities were in fact minimal, then there would be no necessity for divine intervention. When seen as a strand of thought, Hawking’s comments on God’s existence do not reveal any opposition to the possibility; however, his overall tone suggests God’s non-existence. The closest he comes to a statement is that his current understanding of the universe as being without boundary points towards an eternally self-existent universe that does not need a creator. This ambiguity seems genuine, but may disappoint those convinced in their theism or atheism who might hope for a supportive comment from this respected authority.


    But the theory of relativity, which predicts so much of the interactions in universe, does not take quantum uncertainty into account. Quantum mechanics is the study of discrete packets of information, or quanta, particles
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