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Abstract

In response to suggestions from SPS students | will discuss the the following:

(1) Just how does one do "new" physics? Many of you have participated in experimental
physics research projects at Santa Clara Univ (and Slac). But can mere mortals (i.e.
undergraduates) involve themselves in the development of new fundamental theories?

(2) Just as tensors allowed Einstein to see further, can the introduction of a better
mathematical language lead to new physics? William Kingdon Clifford was the translater
of Riemann's works, and the first to propose curvature was related to gravity. In 1876 he
introduced an extraordinary geometric algebra, in which one can add a vector to a scalar
to a plane. However, due to his untimely death and historical accidents, it was replaced
by the much more limited (and flawed) Gibbs vectors which still appear in your physics
books. Recent revival and new extensions hold promise for completely new approaches
to unified physical theories, in particular the descriptoin of spin in quantum theory and
gravitation.

(3) Pilot programs at UC Davis, Univ of Windsor (Ontario), and Univ of Barcelona have
shown that undergraduates can more quickly learn and apply Clifford vectors than Gibbs
vectors; becoming quite excited with the interpretation of "i" as the volume of 3 space,
seeing "planes™ as things that cause rotations (or Lorentz transformations), and being able
to do divergence, curl and gradient in a single equation. Possible projects at Santa Clara
are participation in writing papers for the American Journal of Physics, development of
symbolic manipulation programs (in Maple or Mathematica) and help in creating an on-
line web book.

See also the following talk at the Santa Clara Univ. Math Department Colloquium, Jan
20, 1998, Why does "real” physics need “imaginary” numbers? A history of physical
applications of geometric algebras.
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11. Epistemology

The theory or science of the origin, nature, and limits of knowledge

A. What is this thing called Physics?

Definitions of different disciplines

1. Science: Ordered and sytematized

knowledge of natural phenomena gained by cbservation,
experiment and induction. “Truths” non-ethical.

. 2. PhilﬂSDDhyf “Science” which seeks to

systemize, classify and interpret knowledge through basic
concepts of reality, validity and value; study of principles
underlying all knowledge. [the “why”, the “purpose”

¢ & Engineering: Application of science as
technology for practical human use (ethics is an issuel)

« 4. Mathematics “science” of the measurement,
properties and relations of quantities, and methods of
finding unknown from known quantities. Not a natural
science, validity not testible by experiment.

v b, Ph!SiCS Greek “physios”, study of the

nature of things, the "Science” dealing with the laws and
properties of matter. Testible by experiment.




B. The Character of Physical Law

Mﬂtﬂprin{:ipleg Laws which ALL laws of physics

: must obey, cannot be
Universal Laws derivad”

Theoretical Law

Unobservable Principlg

Not mathematical in ongin
Theorna=contemplative
meditation {pythagoreans),

AN

empiricos=all knowledge from

Empirical L.aws _ : i
: EKPEFIEHGE, 1.E. E‘Hpﬂﬂmﬂﬂt

Testable Statements




C. The Scientific Process

What is the method to doing “new” physics?

* |. Serendipity: The laws of physics
exist independent of humans, ready to be
accidently tripped over.

e 7. Prediction: Logically extend

theoretical laws to predict facts not yet
known (empirical laws) and test them.

. 3 Induction: generalize the principles
or metaprinciples (NOT the equations) to
explain more with less (Ockham’s razor).
No theoretical law 1s found by collecting
more data, or generalizing empirical laws.









