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Basic physics has brought many benefits to society.  We will not attempt a rigorous definition of basic physics, but just assume that it was being carried out it to satisfy scientific curiosity, and at the time it appeared remote from practical applications.
Michael Faraday's electrical experiments, and in particular his discovery of electromagnetic induction, has given rise to electrical engineering as a discipline, and to electric power generation which underlies the whole of modern industry.  The discovery of the electron by Joseph Thompson was not carried out with any application in mind.  We have not attempted to quantify the total monetary value of electricity and electronics in today's technological society, but feel confident that it is many times the money spent on basic physics research in the past century.
We do not wish to diminish the value of strategic and applied physics, but this should be underpinned by basic research.  Suppose that, a century ago, a "mission-oriented laboratory" had been set up to alleviate the suffering from broken bones in the human body.  It is unlikely that, whilst investigating the properties of various screws and glues and pain-relievers, anyone would have thought of firing electrons in vacuum at a metal target and discovering X-rays.  This discovery was put to practical use very quickly and earned the first physics Nobel Prize for Wilhelm Roentgen.  This rapid application of a pure physics discovery is unusual, and it has often taken several tens of years for applications to arise.  The laser was a brilliant invention, but was hardly used outside the laboratory for the first twenty years.
There is not a simple linear relationship leading from basic to strategic to applied science.  Often advances in technology allow new discoveries in basic science. However basic physics is important and necessary. In this document we will first outline briefly the various ways in which basic physics has given rise to benefits, and then give examples.  There is no attempt to be comprehensive.  Only a few topics have been selected in this short document. 
Cultural values
It is probably the cultural appeal which brings many of the best people into science, and most basic research is done for its curiosity value.  Some of the results of basic physics research may take a long time to become part of the general culture of educated people, but some advances certainly have popular appeal. There are now many books in various languages aimed at the general public, which cover topics such as black holes or quantum phenomena.  Talks on astronomy and particle physics are popular with school students, teachers and the general public in many countries.  Astronomy programmes on television are popular, and the relatively few programmes on other basic physics attract fairly large audiences. 
Training of skilled manpower
A survey in 1984 (and repeated in 1996) of all UK undergraduates in physics conducted during their first week at university, asked which topics attracted them into physics.  The questionnaire was completed by 2800 students, an estimated 80% of the total. The highest scores were for relativity and gravitation, astronomy and cosmology, and elementary particles. Obviously very few of the 2800 students who responded would later after graduation become professional relativists, astronomers or particle physicists, but these topics fired their curiosity.  
At a more advanced level, PhD graduates in physics are in great demand in high technology companies, such as advanced semiconductors or space industries. They are sought by a great variety of employers and not just for research and development.  Many go into engineering, computing, and other technical areas, but physics graduates are found in many parts of the economy.   Perhaps surprisingly a significant number of PhDs in theoretical physics are recruited into financial services where their mathematical and analytical skills combined with problem-solving are valued ("From Black Holes to the Black-Scholes equation"). 
Benefits to health and quality of life
We have already mentioned X-rays in relation to bone fractures. Many other medical diagnostics and some treatments are based on physics. Paul Dirac, pondering on relativity and quantum physics in the early 1930s suggested the existence of antiparticles.  The first antiparticle, the positron, was discovered soon afterwards in cosmic rays by Carl Anderson.  These two future Nobel laureates, both working in areas far removed from likely applications, did not foresee that some decades later positron emission tomography (PET scans) would become a routine diagnostic for some brain disorders and other malfunctions. 
The use of ionising radiation for both medical diagnostics and treatment depends on either radioactive isotopes or the use of particle accelerators.  Both arose from the study of basic nuclear physics. 
Nuclear magnetic resonance (NMR) originated from studies of the magnetic moment of the proton and other nuclei. NMR has had important applications in studying various chemical and biological materials.  In its extension to magnetic resonance imaging (MRI) it is now a common diagnostic tool in hospitals in the wealthier countries.  It is worth noting that many MRI systems use superconducting magnets, and that superconductivity was a basic physics discovery, made by Kamerlingh Onnes in 1911.  Helium itself, used in liquid form in these magnets and in many cryogenic applications, was discovered in the Sun by spectroscopy, before it was found on Earth. 
Radio waves were not discovered by people wishing to find an alternative method of communication, but by Heinrich Hertz who based his work on the theory of James Clerk Maxwell, who in turn was strongly motivated by the experiments of Faraday and the earlier pioneers of electricity and magnetism.  

Economic benefits

We have already mentioned the discovery of electromagnetic induction and of the electron, which have given rise to modern technology. 
The discovery of nuclear fission by Otto Hahn and Lise Meitner was made only a few years after Ernest Rutherford declared that the use of nuclear energy was moonshine.  Although nuclear power stations are not universally popular, they make a significant contribution to electrical power generation and do not emit greenhouse gases.  If some of the developing parts of the world hope to achieve higher standards of living, it seems unlikely that this can be achieved within the next few decades without additional use of nuclear energy.  In the more distant future, nuclear fusion may provide a cleaner form of energy, and fusion reactions were also studied first within basic physics.  Future practical sources of energy are crucial to mankind, and it is almost certain that they will depend on basic investigations.
The modern word depends heavily on solid state electronics. The transistor, the predecessor of all integrated circuits, was invented in an industrial laboratory. However this came about, according to Walter Brattain, one of the discoverers, because scientific knowledge had developed to a stage where certain solid state phenomena could be understood.  Again the use of magnetic materials, used for information storage in tape recorders, cassettes and computers, depended on a basic understanding of magnetism in solids.
Internationalism and Basic Physics 
By its very nature, basic science is international.  Collaboration between scientists from different countries is commonplace.  This has been very evident in “Big Science”, particularly particle physics and astronomy, where equipment is large and expensive, and cooperation between physicists can be more fruitful than rivalry, even if the physicists come from countries which are economic competitors or from very different political regimes. A prime example is the CERN laboratory, formed nearly 50 years ago by European countries which only a few years earlier had been on opposite sides in World War 2.  For many years during the cold war, physicists from the Soviet Union and Eastern Europe made use not only of CERN but also of US high energy laboratories, and vice versa. Other multinational laboratories and organisations have been set up for large facilities, such as telescopes, neutron beams and synchrotron sources.  Although most visible in the big sciences, international collaboration occurs across the whole of basic physics (and other sciences) and plays its part in helping people from different cultures to understand  each other.
Mathematics and Physics
The path from an observation in basic physics to an understanding, generally requires significant mathematical analyses, sometimes involving the development of new mathematics.  Mathematical techniques used in one area of physics can often be transferred to another area, not only within physics, but in other sciences, in technology and various practical applications.
For example, the mathematical theory of coherent states, developed originally for the description and understanding of lasers has numerous practical applications, such as to MRI. Similarly, wavelets, which are close relatives to coherent states, have become a standard tool in signal and image processing with applications that range from medical imaging and nuclear plant monitoring, to fingerprint storage and transmission, meteorology, and compression of large photographic images.

In addition to its cultural value, mathematical physics has given rise to important applications and has educational benefits in training young people to solve problems in a very wide variety of fields.
Benefits from spin-off
The technology used for basic research has had many spin-offs.  Indeed these are often the earliest and most visible signs to the non-specialist.  Scintillating crystals, wire chambers and other detectors developed for particle physics are now used in radiography where they require lower radiation doses than for film. Particle accelerators originally developed for basic nuclear and particle physics are used for a variety of purposes including medical and industrial radiography, non-destructive testing of components, and sterilisation of foods.  Synchrotron radiation, originally an undesirable energy loss in circular electron accelerators is now a powerful tool for providing brilliant X-ray sources for material science, chemical and biological studies.  Fast electronics and online computer control arose originally from the demands of particle physics experiments.

The liquefaction of gases, originally driven by curiosity, has given rise to large cryogenic technologies. Liquid nitrogen, oxygen, hydrogen and helium are used in many applications. Cryogenic fuel is used for space launchers, and liquid natural gas is transported in bulk and used as fuel. Cryogenic fluids have been used in superconducting magnets for many years, and there are likely future applications to electricity generation and transmission. There is also spin-off into other areas of basic science. High sensitivity electronics and ultra-low noise devices (infrared detectors, SQIDs, etc.) are cooled to very low temperature, and cryogenics has been used in metrology and for gravitational wave antennas. 

The CERN laboratory, an international organisation devoted entirely to basic research in particle physics, spends much of its budget in industrial contracts.  Some years ago CERN asked their largest contractors to estimate the “economic utility” of these contracts.  Interviews were carried out with about 130 European firms, who supplied data on estimates of increased sales and decreased costs due to CERN contracts.  A few items resulted in an economic loss to the firm, but for a CERN spend of 877 million Swiss francs (MSF) over the period 1955-1973, the economic return to the firms was nearly 5,000 MSF, which was more than the 3,500 MSF over-all budget of CERN during that period.
The World Wide Web

A recent and very visible spin-off from basic physics is the World Wide Web, also invented at CERN.  It was conceived, by Tim Berners-Lee, in order to allow physicists in many countries to exchange freely and easily documentary information of all types. Computers from all over the world had already been linked via telephone cables or dedicated lines to the Internet system. His notions of hypertext structures and simple agreed protocols allowed such computers to communicate with each other whatever their architecture or operating system.  Further, the idea of looking for a given "Resource" via a "Universal Locator" addressing system (URL) gave us the simplicity of "clicking" on a link that we enjoy today. 

Publishing on the Web is easy. Its growth has been phenomenal. In 1989 before the onset of the Web, it was estimated that there were 130,000 users of the Internet. Ten year later there were 56,000,000 users receiving information from around 6,000,000 servers. This information now includes not only documents, but pictures, audio and video streams. Electronic purchasing of goods and services can be carried out with ease, as can advertising, so it is hardly surprising that the Web has been taken up in a massive way by most industries. Originating from an international laboratory with an open publishing policy, the idea and initial software for the Web were freely available to everyone.  It is difficult to estimate the economic worth of the Web, but here again it is likely that this exceeds the cost of much of basic physics.    
The Laser
This is a good example of basic physics leading, after many decades, to an enormous number of applications. In the 19th Century interferometers were developed. In 1900 Max Planck came up with the concept of quanta.  Albert Einstein in 1917 introduced the idea of stimulated emission when studying the equilibrium of blackbody radiation in a cavity.  These developments were necessary preludes to the idea of the laser.   
The invention of the laser, and its predecessor the maser (which worked in the microwave region) depended on the work during the 1950s of a number of people, several of whom received Nobel Prizes.  Prominent names were Charles Townes, Arthur Shawlow, Nicolay Basov, Alexander Prokhorov, Gordon Gould, Theodore Maiman, and Ali Javan.  Now the laser is all pervasive. It is used widely in supermarket checkout machines and in CD players.  Modulated laser beams are used extensively in long distance communications and in TV distribution. Lasers are used to process materials by cutting, ablation, welding and deposition, and have significant impact in the mechanical and materials industries.  Many precision instruments make use of lasers. Lasers have many uses in medicine. They have been used in dermatology, neurosurgery, urology, photodynamic therapy, dentistry, and general surgery.  Lasers are used for holography, where the main impact at present is for security applications. Spectacular laser shows are used for entertainment.  High power lasers have been used to implode small spheres containing hydrogen isotopes, and this is one possible route to achieving fusion power.  Without physicists thinking about how a blackbody can reach equilibrium with its surrounding electromagnetic field, all this would not have occurred. 
 Relativity and precision measurement of physical constants

General relativity has revolutionised our way of thinking about space, time and gravity; and is crucial in cosmology, parts of astronomy and some areas of elementary particle theory.  Although recognised as a great intellectual achievement, it appears remote and abstract to the average citizen.  However to achieve the fantastic precision of the Global Positioning System (GPS), use is made of both special and general relativity. Time dilation of moving clocks is significant, as are gravitational frequency shifts. As an aside, it is worth noting that a gravitational frequency shift was first measured by Robert Pound and Glen Rebka, making use of the effect discovered in 1957 by Rudolph Mössbauer, that in gamma ray transitions nuclear recoil is negligible if the decaying nucleus is embedded in a crystal lattice. 
The GPS also needs precise values of physical constants.  The satellites carry stable atomic clocks, and hence GPS makes use of some of the best data and instruments developed in various national Standards laboratories. Again as an aside, it is amusing to note that even “ordinary” watches, using crystal oscillators and costing only a few dollars or euros, are more precise than most instruments found in the average research laboratory. Some of these watches also use liquid crystal displays which could only be invented after basic research brought about a sufficient understanding of soft condensed matter. 
Here again, it seems most improbable that Einstein in the early 20th century, would think that his view of the universe would enhance terrestrial navigation, and help the lost mountaineers and explorers nearly a century later. 
Particle Accelerators
The first accelerators, in the 1930s, such as those constructed by John Cockcroft and Ernest Walton, or by Ernest Lawrence, were invented in order to provide controllable beams of energetic particles which would be used to investigate basic nuclear physics.  These have been followed by machines of increasing sophistication and complexity, and indeed the largest present day machines, such as those at Fermilab and CERN are still used for basic research in elementary particle physics.  
However accelerators have been used for many other purposes. They are used to provide practical nuclear data for fission reactors and fusion devises. Electron linacs are used to inspect steel vessels by radiography, for non-destructive testing, as thickness gauges, inspection devices and for sterilization.  Small accelerators are used in oil and gas surveys – they are lowered into wells where their particles probe the surrounding material. Accelerators are used for ion implantation in semiconductors, and this has given rise to a very large industry. 
Cyclotrons provide radioactive isotopes for use in medical diagnostics and treatment. Various types of accelerators are used in hospitals to treat cancer using X-rays, electrons, protons, neutrons, pions and heavy ions.
Crystal Structure
In 1845 August Bravais correctly predicted from geometric principles, that regular solids could have 14 different lattice structures. Max von Laue in 1912 demonstrated the wave nature of Xrays, and soon after this William and Lawrence Bragg laid the foundations of Xray crystallography. Electron diffraction, and hence the wave properties of electrons was demonstrated by George Thomson and by Clinton Davisson and Lester Germer following its prediction by Louis de Broglie. Neutron scattering, as a crystallography tool, started in 1945 with the advent of nuclear reactors.  Prominent pioneers were Clifford Shull and Bertram Brockhouse.
These techniques have given rise to a vast number of applications in physics, chemistry, material science, engineering, and biology and medicine. The determination in 1953 of the structure of DNA, carried out in a physics department by Francis Crick and James Watson, regarded as one of the most important discoveries of the 20th Century, depended in part on careful Xray crystallography by Rosalind Franklin. A few years later Max Perutz and John Kendrew unravelled the first 3-dimensional structure of a protein, and the science of molecular biology has expanded greatly since that time.  The basic physics of the early 20th Century has had a large impact on many sciences.  Today synchrotron radiation is a powerful tool in determining structures of condensed matter.
Synchrotron Radiation
Synchrotron radiation provides brilliant sources of electromagnetic radiation across a large spectrum from infra-red to hard X-rays. It is a by-product of high energy physics. This radiation, which was a nuisance for particle physics, is to today the most powerful source of X-Rays.  The wavelength is tuneable, the radiation is intense, so that short exposures can give information of dynamic processes (50 ps), giving rise to many applications in industry, medicine and research. Just a few examples will be given.
Synchrotron radiation is used extensively in the fields of biotechnology, pharmaceuticals and medicine.  The majority of protein crystal structures which are published in major journals were investigated by this technique. Very important structures such as nucleosome, ribosome and large viruses have been solved recently. Very few new families of antibiotics have been introduced by drug companies during the last 20 years because of the expense. The recent results on the interaction of various antibiotics with the ribosome could allow the design of new drugs. In general, synchrotron radiation can give an accurate description of receptor sites in proteins, hence helping in the design of pharmaceuticals. It is also used in medical diagnostics, such as in angiography (X-ray study of the heart and blood vessels to reveal obstructions). It has also been used to manufacture very small medical implants.
The major use of synchrotron radiation is in materials.  Synchrotron light has been used to explore the properties of materials as diverse as semi-conductors, glass, muscle fibres, and plastics. It has played a major role in development of new injection-moulded materials such as jogging shoes, car bodies and bumpers, and furniture foam. But the largest impact will be in the microelectronics industry. In 2007 the reigning family of refractive optical lithography techniques used to produce chips will be replaced by Extreme Ultraviolet Lithography, giving finer resolution and hence greater density per unit area. A consortium of companies (Intel, Motorola, Advanced Micro Devices, IBM, Micron Technology, and Infineon Technologies) have used synchrotron radiation to develop this new technology. In 2007 the 45 nm technology generation will begin production.
The transistor and solid state electronics
It has been known for a long time that electrical resistivity varies by an enormous factor (~1022) between the best insulators and the best conductors. Ohm’s law was formulated in 1826, but an understanding of conduction required not only discovery of the electron, but also the use of quantum mechanics, the idea of fermions and the Pauli exclusion principle. The quantum mechanics of an electron in a periodic structure, such as a crystal, was developed by Felix Bloch around 1928, and led to the concept of energy bands and gaps. Semiconductors could be understood as having only a small gap between the outermost filled band and the next highest band. The formation of solid state physics as a discipline can perhaps be traced to the books by Frederic Seitz, and by Nevill Mott and Ronald Gurney in around 1940.
The field was therefore ripe for the discovery in 1947 of the transistor by John Bardeen, Walter Brattain and William Shockley at the Bell Laboratories, for which they received the Nobel Prize.  Soon solid state devices replaced the electron tubes which had dominated electronics for its first half century. Integrated circuits followed, giving rise to mass production of complex devices, which over the course of time have become ever smaller, faster and cheaper per unit function. Solid state electronics became the dominant technology of the second half of the 20th Century, and it is difficult to find a sophisticated instrument in science, industry, transport or the home in industrialised countries which does not contain some chips.  The most outstanding example is the computer. Today the typical notebook computer, which can be carried in briefcase is vastly more powerful than the largest electron-tube computers of the 1950s, and is cheaper by a factor of perhaps 105.  The millions of users, sending email, surfing the web, or playing computer games, may not be aware that their hardware had its foundations in basic physics of the first half of the 20th Century.

The Giant Magnetoresistance Effect (GMR)
Magnetoresistance is the change of the electrical resistance of a conductor when subjected to an external magnetic field. In bulk ferromagnetic conductors, the leading contribution to the magnetoresistance is due to the anisotropic magnetoresistance discovered in 1857 by Lord Kelvin. As a magnetic field is applied, misoriented magnetic domains tend to align their magnetization along the field direction, giving rise to a resistance change of the order of a few percent. Magnetoresistance effects are of great interest for industrial applications and has been used for making magnetic sensors and read-out heads for magnetic disks.
It was a great sensation when, in 1988, Albert Fert and Peter Grünberg independently discovered that a much greater magnetoresistance effect (hence dubbed ”giant magnetorestance”) could be obtained in magnetic multilayers (alternate stack of ferromagnetic and non-ferromagnetic metallic layers). This discovery triggered a tremendous research activity, both in academic and industrial institutes, and allowed the development of a new field: spin-electronics. The industrial applications came very quickly.  Magnetic field sensors were introduced in 1996 by several companies. Read-out heads in computer hard-disk drives and microdrives were introduced by IBM in 1997. At present the most ambitious project with large economical impact is the use of magnetic tunnel junctions as non-volatile magnetic random memories (MRAM) to replace the present semiconductor-based memories (DRAM). IBM and Motorola have announced commercial products for 2004.
The “Nanoworld”
In 1982 Heinrich Rohrer and Gerd Binnig at IBM-Zurich built the first scanning tunneling microscope (STM), allowing visualisation of the surfaces of materials with a high resolution. A few years later  Harry Kroto, Robert Curl and Richard Smalley reported the observation of a new form of carbon: the fullerenes or buckyballs and finally in 1991 Sumio Ijima discovered carbon nanotubes. This triggered a new area: the nanophysics and the nanochemistry of materials. Today most of the materials science laboratories have a very strong component in this area. However it may take few years before this is exploited at the industrial level

Conclusion
This article was written for the International Union of Pure and Applied Physics. A number of examples have been given showing that basic physics has value, in culture, education, internationalism, and in many practical applications and spin-offs. In order to keep it short, there has been no attempt to cover all applications. The examples have been selective, and somewhat biased towards the author’s interests.  There is no claim to originality, and no references or citations have been given. The author acknowledges input and comments from some IUPAP Commissions and Council, and has benefited from reading articles on related topics by Leon Lederman, Chris Llewellyn Smith, and Burton Richter.
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