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Abstract 

 
This paper analyzes the recent growth in our understanding of physics in general and quantum world in particular focusing on its 

relevance to our society. Physics touches every aspect of our lives. It involves the study of matter, energy and their interactions. 

As such, it is one area of science that cuts across all other subjects. Other sciences are reliant on the concepts and techniques 

developed through physics. Other disciplines — such as chemistry, agriculture, environmental and biological sciences — use the 

laws of physics to better understand the nature of their own studies. Physics focuses on the general nature of the natural world, 

generally through a mathematical analysis. Physics is one of the most difficult subjects taught in schools. A number of students 

are even more daunted with its use of mathematics. 

In a study done in UK from 1985 to 2006, it was found that there was 41 percent decrease in the number of entries to A-level 

examinations in sciences. This decreasing trend is similar in other countries. Despite this trend, physics remains an integral part 

of the educational system. It is through physics that new methodologies were developed that helped improve the quality of life, 

including things such as automobiles and modern construction.Society’s reliance on technology represents the importance of 

physics in daily life. Many aspects of modern society would not have been possible without the important scientific discoveries 

made in the past. These discoveries became the foundation on which current technologies were developed. Discoveries such as 

magnetism, electricity, conductors and others made modern conveniences, such as television, computers, phones and other 

business and home technologies possible. Modern means of transportation, such as aircraft and telecommunications, have drawn 

people across the world closer together — all relying on concepts in physics.In 1999 during the World Conference on Science 

(WCS), the UNESCO-Physics Action Council considered physics an important factor in developing solutions to both energy and 

environmental problems. 
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Physics seeks to find alternative solutions to the energy crisis experienced by both first world and developing nations. As physics 

help the fields of engineering, bio-chemistry and computer science, professionals and scientists develop new ways of harnessing 

preexisting energy sources and utilizing new ones. In the United Nations Millennium Summit held in 2000, it was recognized that 

physics and the sciences will play a crucial role in attaining sustainable development. Physics helps in maintaining and developing 

stable economic growth since it offers new technological advances in the fields of engineering, computer science and even 

biomedical studies. 

Key words: physics, United Nations Millennium Summit, biomedical, computer science, engineering 
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Introduction 

 
These fields play a crucial role on the economic aspect of countries and finding new and better ways to produce and develop 

products in these fields can help boost a country’s economy. Similarly, the International Union of Pure and Applied Physics 

(IUPAP) asserted that physics will generate the necessary knowledge that will lead in the development of engines to drive the 

world’s economies. In Rwanda, the education ministry was mandated to develop the country’s scientific and technical know- 

how. Medical physics and information technology benefited the country by developing a national nutrition program and an 

epidemic surveillance system. Physics and engineering helped rural areas gain safe drinking water through gravimetric techniques, 

irrigation techniques and rainwater harvesting.In recent years, although physics has not experienced the sort of revolutions that 

took place during the first quarter of the twentieth century, the seeds planted at that time are still bearing fruit and continue to 

engender new developments. 

We should keep in mind that nature is unified and has no borders; practical necessity has led humans to establish them, creating 

disciplines that we call physics, chemistry, biology, mathematics, geology, and so on. However, as our knowledge of nature grows, 

it becomes increasingly necessary to go beyond these borders and unite disciplines. It is essential to form groups of specialists— 

not necessarily large ones—from different scientific and technical fields but possessed of sufficient general knowledge to be able 

to understand each other and collaborate to solve new problems whose very nature requires such collaboration. Physics must be a 

part of such groups. We find examples of interdisciplinarity in almost all settings, one of which would be the processes underlying 

atmospheric phenomena. These involve all sorts of sciences: energy exchanges and temperature gradients, radiation received from 

the Sun, chemical reactions, the composition of the atmosphere, the motion of atmospheric and ocean currents, the biology of 

animals and plants that explains the behavior and reactions of animal and plant species, industrial processes, social modes and 

mechanisms of transportation, and so on and so on. Architecture and urban studies offer similar evidence. 

For climate change, energy limitations, atmospheric pollution, and agglomeration in gigantic cities, it is imperative to deepen 

cooperation among architecture, urban studies, science, and technology without overlooking the need to draw on other disciplines 

as well, including psychology and sociology, which are linked to the study of human character. We must construct buildings that 

minimize energy loss, and attempt to approach energy sufficiency, that is, sustainability, which has become a catchword in recent 

years. Fortunately, along with materials with new thermal and acoustic properties, we have elements developed by science and 

technology, such as solar panels, as well as the possibility of recycling organic waste. 

 

Objective: 

 
This paper intends to study the advances theories in physics in 21

st
 century and quantum mechanics great discoveries that 

have helped societal systems. 

 

Growth and Public Interest in Physics 

 
Physics is considered the queen of twentieth-century science, and rightly so, as that century was marked by two revolutions that 
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drastically modified its foundations and ushered in profound socioeconomic changes: the special and general theories of relativity 

(Albert Einstein, 1905, 1915) and quantum physics, which, unlike relativity, cannot be attributed to a single figure as it emerged 

from the combined efforts of a large group of scientists. Now, we know that revolutions, whether in science, politics, or customs, 

have long-range effects that may not be as radical as those that led to the initial break, but can nonetheless lead to later 

developments, discoveries, or ways of understanding reality that were previously inconceivable. That is what happened with 

physics once the new basic theories were completed. In the case of quantum physics, we are referring to quantum mechanics 

(Werner Heisenberg, 1925; Paul Dirac, 1925; Erwin Schrödinger, 1926). In Einstein’s world, relativistic cosmology rapidly 

emerged and welcomed as one possible model of the Universe the experimental discovery of the Universe’s expansion (Edwin 

Hubble, 1929). Still, the most prolific “consequences-applications” emerged in the context of quantum physics. In fact, there were 

so many that it would be no exaggeration to say that they changed the world. There are too many to enumerate here, but it will 

suffice to mention just a few: the construction of quantum electrodynamics (c. 1949), the invention of the transistor (1947), which 

could well be called “the atom of globalization and digital society”, and the development of particle physics (later called “high- 

energy physics”), astrophysics, nuclear physics, and solid-state or “condensed matter” physics.One of the most celebrated events 

in physics during the last decade was the confirmation of a theoretical prediction made almost half a century ago: the existence of 

the Higgs boson. 

Let us consider the context that led to this prediction. High-energy physics underwent an extraordinary advance with the 

introduction of particles whose names were proposed by one of the scientists responsible for their introduction: Murray Gell- 

Mann. The existence of these quarks was theorized in 1964 by Gell-Mann and George Zweig. Until they appeared, protons and 

neutrons had been considered truly basic and unbreakable atomic structures whose electric charge was an indivisible unit. Quarks 

did not obey this rule, as they were assigned fractional charges. 

Subatomic world 

 
According to Gell-Mann and Zweig, hadrons—the particles subject to strong interaction—are made up of two or three types of 

quarks and antiquarks called u (up), d (down) and s (strange), whose electric charges are, respectively, 2/3, 1/3, and 1/3 of an 

electron’s (in fact, there can be two types of hadrons: baryons—protons, neutrons, and hyperions—and mesons, which are particles 

whose masses have values between those of an electron and a proton). 

Thus, a proton is made up of two u quarks and one d, while a neutron consists of two d quarks and one u. They are, therefore, 

composite structures. Since then, other physicists have proposed the existence of three more quarks: charm (c; 1974), bottom (b; 

1977) and top (t; 1995). To characterize this variety, quarks are said to have six flavors. Moreover, each of these six can be of 

three types, or colors: red, yellow (or green), and blue. Moreover, for each quark there is an antiquark. (Of course, names like 

these—color, flavor, up, down, and so on—do not represent the reality we normally associate with such concepts, although in 

some cases they have a certain logic, as is the case with color).The combination of these earlier theories constituted a theoretical 

framework for understanding what nature is made of, and it turned out to have extraordinary predictive capacities. Accordingly, 

two ideas were accepted: first, that elementary particles belong to one of two groups—bosons or fermions, depending on whether 

their spin is whole or fractional (photons are bosons, while electrons are fermions)—that obey two different statistics (ways of 
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“counting” groupings of the same sort of particle). These are the Bose-Einstein statistic and the Fermi-Dirac statistic. Second, that 

all of the Universe’s matter is made up of aggregates of three types of elementary particles: electrons and their relatives (particles 

called muons and taus), neutrinos (electronic, muonic, and tauonic neutrinos), and quarks, as well as the quanta associated with 

the fields of the four forces that we recognize in nature (remember that in quantum physics the wave-particle duality signifies that 

a particle can behave like a field and vice versa): the photon for electromagnetic interaction, Z and W particles (gauge bosons) for 

weak interaction, gluons for strong interaction, and, while gravity has not yet been included in this framework, supposed gravitons 

for gravitational interaction. 

Modern world quantum chromodynamics 

 
The subgroup formed by quantum chromodynamics and electroweak theory (that is, the theoretical system that includes relativist 

theories and quantum theories of strong, electromagnetic, and weak interactions) is especially powerful, given the balance between 

predictions and experimental proof. This came to be known as the Standard Model, but it had a problem: explaining the origin of 

the mass of the elementary particles appearing therein called for the existence of a new particle, a boson whose associated field 

would permeate all space, “braking,” so to speak, particles with mass so that, through their interaction with the Higgs field, they 

showed their mass (it particularly explains the great mass possessed by W and Z gauge bosons, as well as the idea that photons 

have no mass because they do not interact with the Higgs boson). The existence of such a boson was predicted, theoretically, in 

three articles published in 1964—all three in the same volume of Physical Review Letters. 

The first was signed by Peter Higgs (1964a, b), the second by François Englert and Robert Brout (1964), and the third by Gerald 

Guralnik, Carl Hagen, and Thomas Kibble (1964a). The particle they predicted was called “Higgs boson.” One of the most 

celebrated events in physics during the last decade was the confirmation of a theoretical prediction made almost half a century 

ago: the existence of the Higgs boson Detecting this supposed particle called for a particle accelerator capable of reaching 

sufficiently high temperatures to produce it, and it was not until many years later that such a machine came into existence. Finally, 

in 1994, CERN approved the construction of the Large Hadron Collider (LHC), which was to be the world’s largest particle 

accelerator, with a twenty-seven-kilometer ring surrounded by 9,600 magnets of different types. Of these, 1,200 were two-pole 

superconductors that function at minus 217.3ºC, which is even colder than outer space, and is attained with the help of liquid 

helium. Inside that ring, guided by the magnetic field generated by “an escort” of electromagnets, two beams of protons would be 

accelerated until they were moving in opposite directions very close to the speed of light. Each of these beams would circulate in 

its own tube, inside of which an extreme vacuum would be maintained, until it reached the required level of energy, at which point 

the two beams would be made to collide. The theory was that one of these collisions would produce Higgs bosons. The most 

serious problem, however, was that this boson almost immediately breaks down into other particles, so detecting it called for 

especially sensitive instruments. The detectors designed and constructed for the LHC are called ATLAS, CMS, ALICE, and 

LHCb, and are towering monuments to the most advanced technology. Following construction, the LHC was first tested by 

circulating a proton beam on September 10, 2008. The first proton collisions were produced on March 30, 2010, producing a total 

energy of 7·1012 eV (that is, 7 tera-electron volts; TeV), an energy never before reached by any particle accelerator. Finally, on 

July 4, 2012, CERN publicly announced that it had detected a particle with an approximate mass of 125·109 eV (or 125-giga- 

electron volts; GeV) whose properties strongly suggested that it was a Higgs boson (the Standard Model does not predict its mass). 
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This was front-page news on almost all newspapers and news transmissions around the world. Almost half a century after its 

theoretical prediction, the Higgs boson’s existence had been confirmed. It is therefore no surprise that the 2013 Nobel Prize for 

Physics was awarded to Peter Higgs and François Englert “for the theoretical discovery of a mechanism that contributes to our 

understanding of the origin of mass of subatomic particles, and which recently was confirmed through the discovery of the 

predicted fundamental particle, by the ATLAS and CMS experiments at CERN’s Large Hadron Collider,” as the Nobel 

Foundation’s official announcement put it. Cleary, this confirmation was cause for satisfaction, but there were some who would 

have preferred a negative outcome—that the Higgs boson had not been found where the theory expected it to be (that is, with the 

predicted mass). Their argument, and it was a good one, was expressed by US theoretical physicist and proponent Jeremy Bernstein 

(2012 a, b: 33) shortly before the discovery was announced. 

 

God particle triumph Higgs boson 

 
Nonetheless, the fact, and triumph, is that the Higgs boson does exist, and has been identified. But science is always in motion, 

and, in February 2013, the LHC stopped operations in order to make adjustments that would allow it to reach 13 TeV. On April 

12, 2014, it began its new stage with the corresponding proton-collision tests. This involved seeking unexpected data that reveal 

the existence of new laws of physics. For the time being, however, we can say that the Standard Model works very well, and that 

it is one of the greatest achievements in the history of physics, an accomplishment born of collective effort to a far greater degree 

than quantum mechanics and electrodynamics, let alone special and general relativity. Despite its success, however, the Standard 

Model is not, and cannot be “the final theory.” First of all, it leaves out gravitational interaction, and second, it includes too many 

parameters that have to be determined experimentally. These are the fundamental, yet always uncomfortable whys. “Why do the 

fundamental particles we detect even exist? Why are there four fundamental interactions, rather than three, five or just one? And 

why do these interactions exhibit the properties (such as intensity and range of action) they do?” In the August 2011 issue of the 

American Physical Society’s review, Physics Today, Steven Weinberg (2011: 33) reflected upon some of these points, and others: 

Of course, long before the discovery of neutrino masses, we knew of something else beyond the standard model that suggests new 

physics at masses a little above 1016 GeV: the existence of gravitation. And there is also the fact that one strong and two 

electroweak coupling parameters of the standard model, which depends only logarithmically on energy, seem to converge to get 

a common value at an energy of the order of 1015 GeV to 1016 GeV. 

There are lots of good ideas on how to go beyond the standard model, including supersymmetry and what used to be called string 

theory, but no experimental data yet to confirm any of them. Even if governments are generous to particle physics to a degree 

beyond our wildest dreams, we may never be able to build accelerators that can reach energies such as 1015 to 1016 GeV. Some 

day we may be able to detect high-frequency gravitational waves emitted during the era of inflation in the very early universe, 

that can tell us about physical processes at very high energy. In the meanwhile, we can hope that the LHC and its successors will 

provide the clues we so desperately need in order to go beyond the successes of the past 100 years. Ultimately, quarks have color 

but hadrons do not: they are white. The idea is that only the “white” particles are observable directly in nature. Quarks are not, as 

they are “confined,” that is, associated to form hadrons. We will never be able to observe a free quark. Now, in order for quarks 

to remain confined, there must be forces among them that differ considerably from electromagnetic or other forces. As Gell-Mann 
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put it (1995: 200): “Just as the electromagnetic force among electrons is measured by the virtual exchange of photons, quarks are 

linked to each other by a force that arises from the exchange of other types: gluons (from the word, glue) bear that name because 

they stick quarks together to form observable white objects such as protons and neutrons.” 

Physics is considered the queen of twentieth-century science, and rightly so, as that century was marked by two revolutions that 

drastically modified its foundations and ushered in profound socioeconomic changes: the special and general theories of relativity 

and quantum physics About a decade after the introduction of quarks, a new theory—quantum chromodynamics—emerged to 

explain why quarks are so strongly confined that they can never escape from the hadronic structures they form. Coined from 

chromos, the Greek word for color, the term chromodynamics alludes to the color of quarks, while the adjective quantum indicates 

that it meets quantum requirements. Quantum chromodynamics is a theory of elementary particles with color, which is associated 

with quarks. And, as these are involved with hadrons, which are the particles subject to strong interaction, we can affirm that 

quantum chromodynamics describes that interaction. 

 

Search for quantum theories 

 
So quantum electrodynamics and quantum chromodynamics function, respectively, as quantum theories of electromagnetic and 

strong interactions. There was also a theory of weak interactions (those responsible for radioactive processes such as beta radiation, 

the emission of electrons in nuclear processes), but it had some problems. A more satisfactory quantum theory of weak interaction 

arrived in 1967 and 1968, when US scientist Steven Weinberg and British-based Pakistani scientist Abdus Salam independently 

proposed a theory that unifies electromagnetic and weak interactions. Their model included ideas proposed by Sheldon Glashow 

in 1960. The Nobel Prize for Physics that Weinberg, Salam, and Glashow shared in 1979 reflects this work, especially after one 

of the predictions of their theory—the existence of “weak neutral currents”—was corroborated experimentally in 1973 at CERN, 

the major European high-energy laboratory. 

Electroweak theory unified the description of electromagnetic and weak interactions, but would it be possible to move further 

along this path of unification and discover a formulation that would also include the strong interaction described by quantum 

chromodynamics? The answer arrived in 1974, and it was yes. That year, Howard Georgi and Sheldon Glashow introduced the 

initial ideas that came to be known as Grand Unification Theories (GUT).The detection of gravitational waves also reveals one of 

the characteristics of what is known as Big Science: the article in which their discovery was proclaimed (Abbott et al., 2014) 

coincided with the LIGO announcement on February 11 and was signed by 1,036 authors from 133 institutions (of its sixteen 

pages, six are occupied by the list of those authors and institutions). The importance of LIGO’s discovery was recognized in 2014 

by the awarding of the Nobel Prize for Physics in two parts. One half of the prize went to Rainer Weiss, who was responsible for 

the invention and development of the laser interferometry technique employed in the discovery. The other half was shared by Kip 

Thorne, a theoretical physicist specialized in general relativity who worked alongside Weiss in 1975 to design the project’s future 

guidelines and remains associated with him today; and Barry Barish, who joined the project in 1994 and reorganized it as director. 

(In 2014, this prize had been awarded to David Thouless, Duncan Haldane, and Michael Kosterlitz, who used techniques drawn 

from a branch of mathematics known as topology to demonstrate the existence of previously unknown states, or “phases,” of 

matter, for example, superconductors and superfluids, which can exist in thin sheets—something previously considered 
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impossible. They also explained “phase transitions,” the mechanism that makes superconductivity disappear at high temperatures.) 

Conclusion 

 
Advances in the field of physics and related field of nanotechnoscience have made it possible to develop nanomaterials and 

nanodevices that are already being used in a variety of settings. It is, for example, possible to detect and locate cancerous tumors 

in the body using a solution of 35 nm nanoparticles of gold, as carcinogenic cells possess a protein that reacts to the antibodies 

that adhere to these nanoparticles, making it possible to locate malignant cells. In fact, medicine is a particularly appropriate field 

for nanotechnoscience, and this has given rise to nanomedicine. 

The human fondness for compartmentalization has led this field to frequently be divided into three large areas: nanodiagnostics 

(the development of image and analysis techniques to detect illnesses in their initial stages), nanotherapy (the search for molecular- 

level therapies that act directly on affected cells or pathogenic areas), and regenerative medicine (the controlled growth of artificial 

tissue and organs). One particularly important example in which physics is clearly involved is the “Brain Activity Map Project”. 

And physics, like all of the other sciences, will play an important and fascinating role in shaping that future. 
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