There are exciting times ahead,

by John Maddox
In a hackneyed phrase, reports of the end of science are greatly exaggerated. In my belief, the scientific enterprise is still beginning. Progress in science is not measured by counting discoveries, however startling, but by the progressive deepening of our understanding of the world, ourselves included. 

Nobody can tell what lies ahead, but it is possible to list the gaps in our present understanding and to guess how these gaps will be filled. That is what I have tried to do in What Remains To Be Discovered. But this outline of discoveries yet to be made must be incomplete: as in the past, deepened understanding will provoke questions we do not yet have the wit to ask. 

Who, a century ago, could have guessed that very small objects (like electrons) could not be described by Isaac Newton's laws of motion, and that the quantum theory that filled the gap would be hailed as one of the intellectual triumphs of this century? Nor could it then have been foreseen that we would now understand the chemical basis of life and of inheritance through the structure of DNA.The atlas of our ignorance is a bulging dossier. Here are some items from it: 

Despite this century's brilliant description of the nerve cells in our heads and their interactions with one another, there is still no clear picture of how they assemble themselves into the thinking machines we boast. 

We know when life began on the surface of the Earth (a little less than four billion years ago) but not how it began. Genetic knowledge of organisms now living will in due course allow a description of the first organisms to use DNA (or its chemical cousin RNA) as genetic material. 

The same genetic knowledge, when filled out, will allow a detailed reconstruction of the history of human evolution in a brief 4.5 million years; we shall then know whether the decisive advantage of Homo sapiens (only 125,000 years old) over the coexistent Neanderthals was the faculty of language or something else. 

The listing of all the 100,000 human genes the Human Genome Project will provide by 2003 will be not only a simpler means of telling the genetic causes of inherited disability, but also a springboard for unravelling the fine details of the human body's functioning and thus for the deliberate design of a battery of new medicines. 

Exuberant molecular geneticists sometimes create the impression that people's behaviour and personality are entirely determined by genes, but that is because genetics has not yet paid much attention to external influences on the activity of genes. The old argument about nature and nurture is not gone for good. 

Even the description of the physical world built up in the first three-quarters of this century has glaring gaps. The most obvious is that there is no way as yet of reconciling quantum mechanics with Albert Einstein's theory of gravitation. That means there is no way of describing in detail the early stages of the Big Bang with which the universe is supposed to have begun, while the ambition of those who study the structure of matter to bring together in one theory all the forces there may be between material objects is stalled. There will be no "Theory of Everything" anytime soon. 

None of these items from my atlas of ignorance is a trivial problem. The last of them is a bagful of conundrums. There are exciting times ahead. 

This huge agenda may give the lie to claims that science has run out of big problems, but can it be carried through? The problems of fundamental physics are more daunting, but are not more forbidding than those left hanging at the end of the 19th century. 

The claim they may be insoluble reflects a failure of our collective imagination and of the impatience that abounds even in the research community. Discovery, which deepens understanding, also enlarges the frontiers of our ignorance. We have to learn to live with that. 

