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19.1 THE UNITY OF PHYSICS

Although we have discussed many topics and applications, we have covered only a
small fraction of the possible computer simulations and models of natural phenomena.
However, we know that the same physical principles can be applied to many kinds
of phenomena. We express this point of view as the same algorithms give the same
results. For example, the Monte Carlo methods that we applied to the simulation of
classical liquids and to the analysis of quanturn mechanical wave functions also were
applied to the transport of neutrons and problems in chemical kinetics. Similar Monte
Carlo methods are being used to analyze problems in quark confinement. Indeed, the
increasing role of the computer in research is strengthening the interconnections of the
various subfields of physics and the relation of physics to other disciplines.

The computer also has helped us think of natural phenomena in new ways that
complement traditional methods. For example, consider a predator-prey model of the
dynamics of minnows and sharks. Assume that the birth rate of the minnows is in-
dependent of the number of sharks, and that each shark kills a number of minnows
proportional to their number. If we assume that F (1), the number of minnows at time 7,
changes continuously, we can write
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where S{z) is the number of sharks at time ¢, and b, and d; are constants independent of
F and S. To obtain an equation for the rate of change of the sharks, we assume that the
number of offspring produced by each shark is proportional to the number of minnows
eaten by the shark. If we also assume that the death rate of the sharks is constant, we
can write

ds()

= [ F (1) — d2)8(0). (19.2)

Equations (19.1) and (19.2) are known as the Lotka-Volterra equations. They can be
analyzed by standard methods and solved numerically using simple algorithms. Why is
the dynamical behavior of (19.1) and (19.2) cyclic?

Tn the predator-prey model the numbers of predator and prey are assumed to change
continuously and their spatial distribution is ignored. We now summarize at altematiY
model that can be most simply expressed as a computer algorithm. The model is a tW!
dimensional cellular automaton known as Wa-Tor.

1. For a desired concentration of minnows and sharks, minnows and sharks ar¢ Plﬂ'a
at random on the sites of a lattice. The minnows and sharks are assigned ra1_1_d'
ages. Fe
2. At time step f,, consider each minnow sequentially. Determine the num -
nearest neighbor sites that are unoccupied at time £,y and move the TILEY
at random to one of the unoccupied sites. If all the nearest neighbor Sitey &
occupied, the minnow does not move. -
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What is the dynamical behavior of Wa-Tor? Do Wa-Tor and the Lotka-Volterra
equations exhibit similar behavior? Is the Wa-Tor mode] realistic? What are the advan-
tages and disadvantages of each approach? See the references for suggestions for the
numerical values of the Parameters,
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