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It is a great pleasure to be here today to talk about bridges to peace.  In thinking about this subject, I wondered about what causes conflict among peoples and how it can be eliminated.   Being a scientist and educator, I also wondered how science and education can help build bridges to peace.  It became clear to me that both of these great enterprises can make significant contributions to peace.   This may seem paradoxical because the applications of science have made modern warfare so devastating.   But I want to make an important distinction – the distinction between science and technology.  The goal of science is to understand nature, whereas technology applies this scientific knowledge to satisfy the needs of society.  From this viewpoint, I would assert that knowledge is morally good, whereas technologies can be good or bad, depending on their intended use.  I think that we should never stop trying to understand nature, but that not all possible technologies or applications should be developed.  Society should carefully control what technologies are developed, and the scientific community has a special responsibility to warn the public and policy makers about the dangerous implications of destructive technologies.  

Next, I would like to discuss what constitutes peace.  Peace is often defined as the absence of war.  But, as His Holiness, the Dalai Lama, has said, “Peace, in the sense of the absence of war, is of little value to someone who is dying of hunger or cold.  It will not remove the pain of torture inflicted on a prisoner of conscience.  It does not comfort those who have lost their loved ones in floods caused by senseless deforestation in a neighboring country.  Peace can only last where human rights are respected, where the people are fed, and where individuals and nations are free.”  This sentiment is also expressed in the comment of the Reverend Martin Luther, Jr., who said, “True peace is not merely the absence of war, it is the presence of justice.”  

Clearly, peace has many dimensions. The point that I want to emphasize is that true peace can only exist when the proper conditions for peace are present.   Peace can only really exist when people have freedom, dignity and justice and are not subject to poverty, famine, disease and an inhospitable environment. While the issues of freedom, dignity and justice fall into the domain of the political system under which a nation lives, science and technology can make positive contributions to the living conditions of people throughout the world. 

At the beginning of this new century, many problems beset the world.  While not all human problems can be fixed by technology because of their political nature, many of them could be significantly alleviated by major technological innovations.  I firmly believe that the mitigation of some of these problems will come from the knowledge and unexpected technologies emerging from scientific developments of the future.  The challenges faced by science and technology are crucial as never before.  They include the following:

*
Improving the general health of the population, and in particular controlling the spread of infectious diseases, both old and new ones.

*
Understanding ecological and environmental issues, providing guidance to policy makers in these areas and developing new technologies that abate or reduce our environmental threats.

*
Providing sufficient food for the rapidly growing population of the world. The world’s population is expected to grow to about 9 billion people by about 2050.

*
Developing alternative sources of energy and substitutes for scarce natural resources. Energy is an especially challenging issue, because improving the standard of living of developing nations will require significant increases in their use of energy.

*
Providing new technologies to enhance the quality of life of our citizens, while extending those benefits to regions and groups that have not yet shared in them.

Science has enormous promise for addressing these issues and improving the human condition.  But this great promise will only be fully realized if science and technology are humanely applied and their benefits are shared across the world.  Science and technology must be used by society with wisdom and humanity.  The outstanding theoretical physicist and great humanitarian, Victor Weisskopf, said “ Society is based on two pillars, knowledge and compassion.  Compassion without knowledge is ineffective.  And knowledge without compassion is inhumane.”

Science and technology also must be used to protect the environment.  This last point is of major importance because no matter how much we try to improve our standard of living we are ultimately impacted by the environment in which we live.

One of the greatest challenges we face is creating a sustainable world. At present humankind is rapidly depleting its environmental bank.  More and more we hear news of threats to our environment. We learn that stratospheric ozone depletion may be exposing portions of the earth to dangerous levels of ultraviolet radiation. The continuing increase of carbon dioxide in the atmosphere raises the specter of global warming that is predicted to wreak havoc across the world in the latter half of the 21st century.  We see agriculture and animal husbandry practices leading to soil impoverishment, loss of soil productivity and extensive land abandonment.  Depletable ground water supplies are being exploited and contaminated.  Tropical rainforests, as well as tropical and temperate dry forests, are being rapidly destroyed, and as a consequence, large numbers of plant and animal species are being irreversibly lost.  Marine fisheries are injured or collapsing from over exploitation, and coastal regions are suffering from pollution caused by soil erosion and industrial, municipal, agricultural and livestock wastes.  The list goes on.

These problems are all symptomatic of a very serious crisis: human activities are threatening the global biological and geophysical systems on which all life depends for air, food, energy and an acceptable environment.  The developed nations of the world put enormous pressures on resources and on the global environment and thus have a special responsibility to work to solve these problems.   They also must aid and support developing nations in reducing their pressures on the environment. To help developing nations in this way is not an act of altruism.  Wealthy nations cannot escape the deleterious effects of a damaged environment. After all, we are all crew members of spaceship earth hurtling through space with no place to land. We must keep our air and water clean and maintain an ample food supply.  If only part of the crew is well fed, there will always be conflict and instability on the space-ship. 

Science and technology have indispensable roles to play in reducing these problems that are so detrimental to peace, but they cannot, in themselves, provide a magic bullet.  To counter these threats, nations across the world also have to develop the political will to make the right choices.  We face the daunting task of gaining the agreement among the nations of the world to move forward against these global threats.

To solve these problems we have to properly apply the technologies we have and develop new ones to address these daunting challenges.  How do we do this?   Nations across the world must invest in research and education.   Developed nations have the economic foundation to make such investments, but science and education also have great importance in developing nations.

These are essential for their economic development and improving their standard of living.  It is clear to me that the developed nations have a responsibility to help build such capacity in developing nations.  This is an important bridge to peace that will pay great dividends.

To solve many of our global problems, we have to improve current technology and develop innovative new technologies that have the capability of addressing these issues.  This will require greater investment in research and education.  Why is research so important? Because we have seen from history that improvements in technology and especially the development of truly revolutionary technologies have been based on a foundation of new knowledge uncovered by scientific research.  Even research that appeared to have no possible applications have led to applications that have changed the way we live.  To elucidate this point, it is useful to trace the history of the development of the transistor, perhaps the most important invention of the 20th century – an invention that is imbedded in almost all of our technology and has changed the way we live.

*
It started in the latter part of the 19th century, when physicists started studying  the atomic spectra of various elements.  The spectra that were observed consisted of discrete lines.

*
In1900, Planck proposed the concept of the quantum in the emission of black body radiation; and in 1905, Einstein developed the idea of the quantum of energy in the radiation field called the photon.

*
There was great controversy about the structure of the atom, but in1911 Rutherford discovered the atomic nucleus in alpha particle scattering experiments and confirmed the “solar system model” of the atom that had been proposed by the Japanese physicist. Hantaro Nagaoka in 1904 .  However there were theoretical problems with the stability of the atom in this model –  it predicted that the atom would decay in about a nanosecond.

*
In 1913 Bohr developed a semi-classical  model of the atom based on a quantization of the electron orbit.  It accounted for the discrete spectra of hydrogen and established a new paradigm for the stability of the atom.  It was, however, only an approximate theory.

*
Then between1925 and 1926 Heisenberg and Schrodinger developed quantum mechanics.  This was a complete non-relativistic theory of the hydrogen atom that explained all measurements of the spectral lines of hydrogen.

*
In 1928 Bloch applied the full machinery of quantum mechanics to the problem of  electrical conduction in solids, spearheading the development of the modern theory of solids between 1928 and 1933.

*
Then in 1929 Schottky and others pointed to the existence of electron “holes” in the valence-band structure of semiconductors, uncovering the mechanism of the behavior of semiconductors.

*
These advances culminated in the invention of the transistor in 1947 when Bardeen and Brattain took out a patent for a transistor; and Schockley applied for a patent for the transistor effect and a transistor amplifier.

*
And by1955 Transistors were produced in large quantities; they began replacing tubes.

*
Then in 1959 the integrated circuit was invented by Noyce and Kilby; theMicrochip was the beginning of a new technological revolution.
 

What this example demonstrates is how basic research established the foundations of the technological revolution created by the invention of the transistor

It is ironic that quantum mechanics, one of most abstruse conceptual frameworks in physics - one that was developed to explain the structure of the atom, lies at the foundation of some of our most important technological developments.  It contributed to the development of technologies that gave us world wide communication, computers with their applications to all phases of modern life, lasers with many diverse uses, consumer electronics, atomic clocks, and superconductors - just to mention a few.  In modern industrial nations, quantum mechanics probably lies at the basis of a sizable fraction of the gross national product.

The communication network across the world made possible by the microchip has contributed to the concept of the global village because people across the world are almost instantaneously accessible.  It has enhanced global commerce, which has made many nations so economically interdependent that armed conflict between them has become less likely.

The biotechnology revolution is in its initial stages and will have an enormous impact on medicine and food production during this century.  There is a parallel story of how the development of biotechnology was based on basic research in biology.

*
From 1860 to 1865  Mendel conducted plant breeding experiments  that showed physical traits are genetically passed from one generation to the next

*
Then in 1944 Avery showed that the injection of DNA into bacteria causes genetic changes

*
And then in 1953, Crick and Watson developed their double- helix model of DNA, using x-ray patterns of DNA generated by Franklin and Wilkins.  This was a seminal discovery, like that of quantum mechanics, that provided a framework for great future progress.

*
During 1960 and 1966 Nirenberg and Khorana deciphered the genetic code.

*
One of the first applications occurred between 1970 and 1975 when genetically modified crop technology was developed. 

*
During 1975 to 1977 Gilbert, Maxam, and Sanger developed techniques for sequencing DNA.

*
And then in 1982, genetically engineered insulin was approved for use in treating patients in the US and UK.

*

Another milestone occurred in 1985 when  the first disease gene was detected.

*

And in 1993 Vogelstein and Kolodner discover the defect in the human MSH2 gene responsible for hereditary colon cancer.

*
A crowning achievement occurred in 2000 when the first draft of the sequence of the human genome was completed.

The developments in this field are occurring at a tremendous pace and promise to affect our lives in many crucial ways. There will be better health, greater longevity, and possibly a second green revolution through the genetic modification of crops, which will provide the food needs for the rapidly growing population of the world.

Science contributes to the development of new technologies in another way.  New types of instruments developed to facilitate research in highly challenging problems often find broader applications in society.

For example, accelerators were invented to study the interactions of sub-atomic particles, and now various types of accelerators are used for such diverse applications as cancer therapy and the fabrication of semiconductors and microchips. Electron synchrotrons producing intense x-ray beams are being used to design new drugs, study the structure of viruses and study new types of materials.  Other examples are the world wide web, the Global Positioning System, nuclear medicine, and diagnostic tools such as magnetic resonance imaging, positron emission tomography, and computerized axial tomography.

The world wide web is an especially interesting example.  This technology, which is reshaping the way that we communicate, learn, and engage in commerce, was developed at CERN to enable high energy physicists at laboratories across the world to exchange data and programs and work more effectively together.  The rapidly developing world wide web is promoting vigorous economic growth in many parts of the world. 

The internet also has immense promise to improve education world-wide by improving the access to - and the quality of education.  It provides greater access to libraries, information and teachers around the world -  which is very important everywhere -  but especially important in developing nations.

Education and knowledge are enormously powerful tools in helping these nations solve their problems.  MIT alone is making 1000 academic courses available on the world wide web free of charge in its Open Course Ware Project. 

 But using the internet requires at least a minimal technological base.  Thus I think that it is imperative that the industrial nations help developing nations acquire the infrastructure that will allow them cross the internet and digital divides. Only in this way will they be able to take advantage of this powerful new technology that can help them address their many challenges. 

Since I am discussing how research and innovation are shaping our future, I should point out the immense impact the internet is having on these activities.  The internet is accelerating advances both in scientific knowledge and innovation.  The rapid exchange of ideas and data by means of the internet has dramatically changed the scientific landscape.   It allows scientific information to be spread much more rapidly than is done by printed scientific journals, and this clearly speeds the flow of work.  For example, the human genome is on the internet and is available to any molecular biologist who has a computer.  Large collaborations of scientists across the world can have virtual meetings.  This is especially useful in developing nations because it is far more efficient and far less expensive to transport information than people.   

Economists have studied the impact of research on the Gross National Product or on other measures of wealth or well being.  This can be seen as a measure of the economic impact of the innovations derived from such research.  Economists have estimated that 1/2 to 2/3 of the economic growth of developed nations is science based.  Recent studies have estimated that the average annual rate of return on investments in research and development ranges from 28% to 50% after some delay, depending on the assumptions employed.  While there is some uncertainty in these numbers, there seems to be no disagreement that the impact is huge and the past investment in research has paid for itself many times over.  Given the strong correlation between R&D and economic growth, an important goal is to build this capacity in developing nations.

In the United States and in other countries, university research has generated technology based industries and a large number of jobs across the nation.  A study in 1997 showed that from MIT alone, alumni, faculty and staff have founded over 4000 companies during the last four decades that employ more than 1.1 million people with annual world sales of 232  billion dollars.  Most of these companies are knowledge based, and since 1990, 150 new MIT-related companies have been created a year.  This points to the necessity of keeping universities strong if we want to maintain a high level of innovation. This is a requirement for a number of reasons.  First, universities provide the scientific work force of the future.  Secondly, they are the source of a major portion of the research that drives what I call major innovation.   Thirdly, enthusiastic young people with new ideas start many new companies after leaving the university.  Universities and colleges also produce the teachers needed for elementary and secondary education.  Such human capital is needed in many parts of the world to eradicate illiteracy.   These are some of the reasons why having good universities and colleges in all parts of the world is so important.

What about the innovations of the future?  What can we say about them?  It is clear to me that there will be technologies created that we cannot even imagine.  Think of a person standing at a podium in the year 1900 trying to imagine what would exist in the year 2000.  The developments that are so familiar to us would be inconceivable to him.  They would seem like magic.

We can only think of sophisticated developments of current technologies unless we resort to science fiction.

 For example, Ernest Rutherford said in 1933, “Anyone who expects a source of power from the transformation of the atom is talking moonshine.”  It is ironic that Fermi produced the first self-sustaining chain reaction at the University of Chicago only nine years later.  In another example, Lord Kelvin emphatically stated in 1885, “Heavier-than-air flying machines are impossible.”  As scientists, we must have some humility in this area. 

 Even developments of current technology are difficult to foresee. In 1987, one would not have predicted such a thing as the World Wide Web, which only started in 1990.  It is clear that making extrapolations of current technology is a tricky business.


Despite my unwillingness to make specific predictions, we can safely say that there certainly will be profound innovations in many of the current technologies, including biotechnology, energy production, computation, artificial intelligence, robotics, miniaturization, communication, sensors, materials, etc. Through increased understanding of the genomic structure and the inner workings of the cell, it may be possible to eradicate most diseases and create a second green revolution.  The development of renewable energy sources and nuclear fusion, may provide almost limitless, environmentally benign energy for all humankind. Perhaps our greatest hope for new sources of energy is the prospect of developing energy production from nuclear fusion in the 21st century. This method will duplicate the process of energy production in the sun, but in a controlled manner.  It is a relatively clean method and there is an almost inexhaustible supply of fuel. There is much research going on in this area and there is a good likelihood that it can be achieved in this century. Finding efficient ways to transport this almost limitless supply of energy could supply the energy needed to improve the standard of living in developing nations.  Such developments would greatly decrease the burning of fossil fuels and biomass and thereby reduce the emission of carbon dioxide into the atmosphere.  This gives us some hope of halting the progression of human induced global warming.  This new technology would have a significant impact on the future of our planet.

I have discussed how science can contribute to peace by addressing some of the problems that threaten the world.  I hope I have persuaded you that science and education can directly make important contributions to peace. But science can also foster peace in another way because it is based on a culture of an international exchange of knowledge and a culture of international cooperation and collaboration.  Science has established a world community whose common goal is to understand nature. 

 Though they speak different mother tongues, the scientists of the world speak the same language when they speak the language of science. The 20th century was a remarkable century of scientific achievements that were the product of the world community.  They reflect the brilliance and creativity of scientists from the many nations of the world.

Being a physicist, I would like to discuss physics in the context of the world community.  The free flow of ideas and results across national borders has been the life-blood of physics from the very beginning. It should be noted that one of the purposes of forming the American Physical Society in 1899 was to have a forum to discuss the exciting discoveries that were emerging from Europe at the end of the 19th century. In physics, as in all of the sciences, we learn from international conferences, and from journals, books and visitors from across the world.  Also, travel to foreign universities and laboratories has been of great importance.  In the late 20’s it was almost mandatory for young American theorists to spend a year or two in Europe to master the newly developed theory of quantum mechanics.

My first major exposure to international physics occurred when I attended the 1964 International Conference in High Energy Physics held at the Dubna Laboratory in the Soviet Union.  I found meeting physicists from around the world incredibly stimulating and educational.  My narrow view of what was happening in physics was quickly jolted open. This conference was held at the height of the cold war and political tensions were high.  Despite this and some trepidation on my part, there was no difficulty in communicating with Soviet physicists about physics or other matters.  This sometimes led to political discussions  conducted in a frank and open manner.  This demonstrated to me that even when nations quarrel, scientists can generally get along.  

But there are often political pressures to reduce the international flow of scientists. This is especially true in the era of international terrorism. Such restrictions are not only destructive to science but they also eliminate opportunities for positive engagement of people from different backgrounds and political viewpoints.   It should not be forgotten that Pugwash, started by Joseph Rotblatt and other physicists, played an important role in threat reduction between the United States and the Soviet Union during the cold war.

International collaboration in particle physics became very prominent after World War 2 with many international teams collaborating in large accelerator experiments.  There is now a new level of internationalism in physics that is exemplified by the construction of the Large Hadron Collider at CERN in Geneva, Switzerland.  There is international cooperation in all aspects of this project. Here 44 nations are collaborating in the construction of both the accelerator and the detectors. When completed in 2007, it will be world’s highest energy particle accelerator and a unique world facility. It serves as an existence proof and a model for future mega-science endeavors.    A number of areas of science will require immense projects in the future, and what is learned about international cooperation at the Large Hadron Collider will be invaluable.

Of course, there are other examples of large international collaborative efforts among scientists. One significant example is the World Health Organization, which is playing such an important role in combating the spread of infectious diseases, most recently SARS, that had the potential of becoming a deadly world pandemic.

Another such collaborative effort is titled the Global Earth Observation System of Systems that is now being planned and will take 10 years to complete.  Involving 50 participating nations, it is an ambitious attempt, by governments, scientists and industry to launch a world wide network that will continually monitor the land, sea and air. This new project could transform agronomy, aid in making long-term weather predictions, help in predicting earthquakes and volcanoes, measure pollution and monitor the general condition of the environment.  It effectively will take the pulse of our planet.  These are examples of what can be accomplished when the scientists and governments of the world work together to solve global problems for the benefit of humankind.

The science of the 21st Century will depend on making internationalism work.   I think International science is here to stay, but it will have to be nurtured by the world science community, because it does not come easily.  There are divisive elements such as political tensions and national competitiveness that have to be resisted.  But we have made great progress and this gives me hope.  

Peace has eluded humankind since the beginning of history and most likely long before then.  While war and conflict have always brought destruction to communities and nations, the technologies developed in the modern era have brought about vast devastation in many areas of the world in an unceasing series of wars.  And biological and chemical weapons are being added to the awesome arsenal of nuclear weapons that now exists, and many more nations are developing the capability of acquiring such weapons.  This is creating the potential for greater destruction in future conflicts. There is even the frightening possibility that civilization could be completely destroyed and our planet made uninhabitable, unless measures are taken to avert future conflict. 

The nations of the world must come to the realization and conviction that peace is absolutely essential for the survival of civilization. This makes bridges to peace more important than ever before.
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