Physics 110B:  Electricity and Magnetism

Some historical background for special relativity


Einstein, Maxwell, and Special Relativity

“A new concept appeared in physics, the most important invention since Newton’s time:  the field.  It needed great scientific imagination to realize that it is not the charges nor the particles but the field in the space between the charges and the particles that is essential for the description of physical phenomena.  The field concept proved successful when it led to the formulation of Maxwell’s equations describing the structure of the electromagnetic field.”

Galileo on Relativity:  Galileo Defends Copernicus

“Shut yourself up with some friend in the main cabin below decks on some large ship, and have with you there some flies, butterflies, and other small flying animals.  Have a large bowl of water with some fish in it; hang up a bottle that empties drop by drop into a wide vessel beneath it.  With the ship standing still, observe carefully how the little animals fly with equal speed to all sides of the cabin.  The fish swim indifferently in all directions; the drops fall into the vessel beneath; and, in throwing something to your friend, you need throw it nor more strongly in one direction than another, the distances being equal; jumping with your feet together, you pass equal spaces in every direction.  When you  have observed all these things carefully, have the ship proceed with any speed you like, so long as the motion is uniform and not fluctuating this way and that.  You will discover not the least change in all the effects named, nor could you tell from any of them whether the ship was moving or standing still.”

Einstein’s Problem With Galileo/Maxwell

“If I pursue a beam of light with the velocity c, I should observe such a beam of light as an electromagnetic field at rest though spatially oscillating.  There is no such thing, however, neither on the basis of experience nor according to Maxwell’s equations.  From the very beginning it appeared to me intuitively clear that, judged from the standpoint of such an observer, everything would have to happen according to the same laws as for the observer who, relative to the earth, was at rest.  For how would the first observer know or be able to determine that he is in a state of fast uniform motion?”

Newton on Absolute Time

Principia:  “Absolute, true and mathematical time, of itself and from its own nature, flows equably without relation to anything external…Absolute space, in its own nature, without relation to anything stable, remains always similar and immovable.”

But:



“Absolute time is not an object of perception…The Deity endures forever and is everywhere present, and by existing always and everywhere, He constitutes duration and space.”

And Mach (one of Einstein’s early heroes):  absolute time is a “useless metaphysical concept, and cannot be produced in experience.”  Newton “acted contrary to his expressed intention only to investigate actual facts.”

And Poincare

“Not only do we have no direct intuition of the equality of two times, we do not even have one of the simultaneity of two events occurring in different places.”

Poincare had much of the mathematics of special relativity, as did Lorentz, but neither made the final leap; they were too wedded to the ether concept.  

Abandoning the ether

Einstein:  notes that field due to a wire moving in a field, or a changing field with wire fixed, are equivalent (relative motion), states:  “The introduction of a light ether will prove to be superfluous, inasmuch as the view to be developed here will not require ‘a space at absolute rest.”

Difference between Einstein and Poincare


(Dyson)  The essential difference between Poincare and Einstsein was that Poincare and Einstein was that Poincare was by temperament conservative and Einstein was by temperament revolutionary.  When Poincare looked for a new theory of electromagnetism, he tried to preserve as much as he could of the old.  He loved the ether and continued to believe in it, even when his own theory showed that it was unobservable.  His version of relativity theory was a patchwork quilt.  The new idea of local time, depending on the motion of the observer, was patched onto the old framework of absolute space and time defined by a rigid and immovable ether.  Einstein, on the other hand, saw the old framework as cumbersome and unnecessary and was delighted to be rid of it…All the complicated explanations of electric and magnetic forces as elastic stresses in the ether could be swept into the dustbin of history, together with the famous old professors who still believed in them.”

Minkowski

Introduced the mathematics of space-time which we will use (“Minkowski space”).  Of his pupil, Einstein:

“It came as a tremendous surprise, for in his student days Einstein had been a lazy dog…He never bothered about mathematics at all.”

The Einstein Summation Convention

· Introduced in 1916 (with final formulation of GR).  Repeated indices summed.  Einstein joked “I have made a great discovery in mathematics; I have suppressed the summation sign every time that the summation must be made over an index which occurs twice…”

· Upstairs/downstairs:  Einstein borrowed, it seems, from mathematicians:  “Following Ricci and Levi-Civita, we denote the contravariant character in such a way that we place the index in the upper position…”  But other notational improvements only came later.

And a little taste of 171:
Happiest Though of Eisntein’s Life

We’ll discuss this more soon, but for now:

“Because of this idea, the uncommonly peculiar  experimental law that in the gravitational field all bodies fall with the same acceleration attained at once a deep physical meaning.  Namely, if there were to exist just one single object that falls in the gravitational field in a way different from all others, then with its help the observer could realize that he is in a gravitational field and is falling in it.  If such an object does not exist…”

