Quantum Revolution: A Historical Perspective
George Gamow's in his book "Thirty Years That Shook Physics" states that there has never been a period of transition as scientifically revolutionary as the 30 years from 1900-1930.  The gradual accumulation of information about atomic behavior produced an increasing confusion that could only be explained by a complete break from old classical laws and ideas.  This time period redefined what is doable and knowable in the sense of physical observation.


Quantum Experiment
Light Metaphor

	
	Experiment
	Effect
	Theory
	

	1879


	Stefan
	Black Body Radiation
	Planck

 (Eelectron=n h)


	1900

	1886


	Hertz
	Photo Electric Effect
	Einstein 

(Ephoton = h )


	1905

	1885


	Balmer
	Hydrogen Spectrum
	Bohr 

( Ee = -R( /n2 )


	1913

	1927


	Davidson-Germer
	Electron Diffraction
	DeBroglie 

( m v =p = h/)


	1924

	1869


	Mendeleev
	Elemental Periodic Trends
	Pauli 

(exclusion principle)


	1925

	1809


	Fraunhofer
	Sodium Doubled D lines
	Gouldsmit-Ulembeck 

( s = ± 1/2)


	1925

	1921


	Stern-Gerlack
	Electron Magnetic Moment
	Dirac 

(relativistic wave eq.)


	1928


Because atomic behavior is so unlike our ordinary experience, it is very difficult to get used to, and it appears peculiar and mysterious to everyone.  The peculiarity was finally resolved between 1926 and 1927 by Schrödinger, Heisenberg, and Born.  They developed a consistent description of the behavior of atoms called quantum mechanics that is consistent with the two fundamental observations: energy is related to frequency and momentum is reciprocally related to momentum.  But the mystery remains.  The heart of their model contains only mystery because it is based on probability.
Scientific Method

	Macbeth
	Karl Popper
	Scientific Method

	"Is this a Dagger,

which I see before me,

The Handle toward my Hand?

Come, let me clutch thee:

I haue thee not,

and yet I see thee still.

Art thou not fatal Vision,

sensible to feeling, as to sight:

or art thou but

A Dagger of the Minde,

a false Creation?"
	[image: image1.jpg]



	1. Experimental Observation

2. Hypothesis Postulation

3. Hypothesis Testing


Prediction


Falsification

4. Hypothesis modification

5. Repeat Hypothesis Testing


All science is guesswork; the scientific method is a process for making better guesses.  The scientific method is the same as the empirical method illuminated by Shakespeare in his play Macbeth. Is it a true dagger or a false creation of the mind?  A concept, whether it is artistic or scientific, is true or false by an empirical test of its behavior. The test of a dagger, the test of a concept, the test of a scientific theory, is “Does it work.”  A true dagger can be tested by showing it will cut things.  A true scientific concept can be tested by showing that it predicts the outcome of experiment. 

The requirement that a scientific hypothesis be falsifiable has been called by Karl Popper the criterion of demarcation of the empirical sciences because it sets apart the empirical sciences from other forms of knowledge. A hypothesis that is not subject to the possibility of empirical falsification does not belong in the realm of science.  Popper also believed there is no such thing as a ‘scientific method’ – at least not in the sense of a systematic procedure because the initial stage, the act of inventing a hypothesis is a creation of the mind that is beyond logical analysis.  The development of a scientific hypothesis requires careful observation, insight, imagination and creativity.

When repeated experiments support a hypothesis the hypothesis gains in validity and is usually generalized into a scientific law, theory , or model.

Scientific Laws are concise statements usually in mathematical form that summarize a wide range of experimental observations.

Scientific Theories are formal explanations of scientific laws or hypothesis.

Scientific Models interpret theory in terms of a simplified version of the object of study
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