Guessing and Checking 
Alternative First Paragraph:

Many physical scientists are studying biological systems these days bringing their welcome knowledge, skills, and numbers to the questions of molecular and structural biology. Molecular biologists usually describe and discuss the wonderful structures they study and understandably physical scientists tend to adopt the same approach as they enter biology.. The greatest gift physical scientists can bring to biology, in my view, is their habit of thought, their method of dealing with problems, writing equations solving models, which is the same method physiologists have used for centuries. Guess and check. 
Many physical scientists find themselves studying biological systems today and but are uncomfortable with the complexity of biological systems. Physiologists have dealt productively with this complexity for centuries by making and testing reduced models of increasing complexity, not more complex than needed to deal with the question at hand. This approach is widespread in the physical sciences but is rarely used by structural or molecular biologists who concentrate on describing and discussing the wonderful structures they discover. The greatest gift physical scientists can give to biology is their habit of thought. Guess and check. 

Most physiologists work by ‘guess and check’, guessing at mechanisms so they can design their experiments, checking to see if their experiments are reproducible, then checking to see if their results agree with their guesses. 
Most scientists — physicists as well as physiologists — are taught how to check as graduate students. We check that our instruments give the same result no matter what result we pray for, no matter who prays or who does the measurement. Collaborators, colleagues, and referees check our papers. Criticism is sought and rewarded at every step. Checking and discussion are particularly passionate when grant proposals are reviewed. 
Checking makes the results of science objective, independent of the observer in a way that most human thinking is not. Feelings and prayers do not change measurements and the Creator manages divine intervention without disturbing our experiments.
Guessing shows scientists what to check. Good guessing ensures progress before scientists become discouraged. 
Good guessing in biology is, I think, rather like trying to use an electronic device without an instruction manual or circuit diagram. Confronted with an unknown device, the scientist should become an engineer. The engineer starts by asking what does it do? How can I control it? And then more professionally: What is its design equation? How can I manipulate the internal structure (e.g., circuit) to make the device do what I want? 
Some knowledge of structure is essential before the device can be controlled. The engineer must know which wires are the inputs, which are the outputs, and which are the power supply, or she will discover almost nothing useful. On the other hand, too much knowledge of structure is likely to be confusing, because most structure does not change output in a simple way. Only a tiny part of the structure is the input, the on‑off switch or the gain control. The engineer pokes around in the structure, tweaking it until a control is found. In descriptive biology, lots of experimentation is needed to find the controls, more or less by trial and error. Once the controls are found, however, the engineer and molecular/structural biologist proceed differently (usually). The molecular biologist tries to discuss the structure; the new biophysicist computes the motion of all atoms; the engineer and physicist makes reduced models by informed guesswork and checks their properties.

The engineer proceeds by guessing a model (typically a circuit diagram), computing its output with a device equation, and then checking to see how well her guess works under a variety of conditions. Here, the biologist is at a disadvantage. He does not have Kirchoff’s laws or their analog. To guess well, the biologist needs to make models of how the structure uses forces to convert inputs to outputs. Biologists usually rely on verbal models to understand function, but these do not easily yield numerical results and so cannot be compared to experiments. Models that yield numerical results are essential. 
Physicists moving to molecular biology often make models including all motions of all atoms. These too are not very useful in checking because atomic motions are so fast compared to biological function. Checks must be made against biological function, if they are to be biologically useful, and biological function is almost always on the millisecond time scale. Atomic motion is on the (sub) femtosecond time scale, and computations across 12 orders of magnitude of time scale usually do not give unique results that can be calibrated against known macroscopic behavior. Macroscopic variables that describe biological function and laws like conservation of current are nearly invisible in the mystifying myriad of atomic motions.
I believe molecular/structural biologists need to make models on an intermediate scale, very much in the engineering, physical, and physiological tradition. These are reduced models using only part of the structure and some of the forces in the system. These models are connected to atomic reality by constitutive equations that use effective parameters as in engineering and physics. Good guessers (and engineers) know what to leave out. Guessing good reduced models is the art of the science. 
Of course, most of the reduced models will turn out to be wrong. The models have to be checked against experiments in many conditions for just that reason. But this is nothing new. For centuries now, physicists have guessed models, checked their results, and tried the next model. Models that work decently are improved by adding more structural detail. That is, in fact, how almost all of our technology has been developed, including the remarkable electronic technology of semiconductors that supports Moore’s law of technological advance (a factor of 2, every 1.5 years for nearly 50 years now, altogether a factor ~ 1010).
Guess and check has proved to be an efficient approach to complex biological systems as can be seen in any physiology textbook. Guess reduced models. Use biological preparations that naturally have special simplicity. Check the models. Improve them when they fail. Don’t include everything. In fact don’t include more than you need to. Always include biologically important inputs and ‘power supplies’. Always compare to the biologically important output. Perhaps these methods applied to molecular biology can catalyze biological advance at the rates of Moore’s law.
