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DAL TH D, (30 &)

Emmy Noether is best known for her contributions to the development of the then-new
field of abstract algebra, as well as ring theory. But one of the reasons Hilbert pushed to bring
Noether to Gottingen was the hope that her expertise on invariant theory—numbers that remain
constant even though manipulated in different ways—could be brought to bear on Albert (77)’s
new theory of general relativity, which seemed to violate conservation of energy.

Noether did not disappoint, devising a theorem that has become a fundamental tool of

modern theoretical physics. One of its consequences is that if a physical system behaves the

same regardless of its spatial orientation, the system’s angular momentum is conserved.,
_(A) s theorem applies to any system with a continuous symmetry. When Einstein read
Noether’s work on invariants, he wrote to (I7): “I’m impressed that such things can be
understood in such a general way. The old guard at Géttingen should take some lessons from
Miss Noether. She seems to know her stuff.”

As World War | ended, the German Revolution of 1918-1919 resulted in improved
rights for women, and the University of Géttingen relented a little in its stance on women

faculty, eventually granting her an untenured professorship. Noether even received a small
salary beginning in 1923. She never did achieve the rank of tenured professor, however, nor

was she elected to the Goéttingen academy of sciences, despite her academic accomplishments. ;)

Noether rarely followed lesson plans in her lectures, preferring spontaneous
discussions with her students, and often became so passionately engrossed in the subject that her
hair came loose. She showed unusual devotion to her job, once teaching class at a local coffee
house when the building was closed for a holiday. Most of her students were male, dubbed the

“Noether boys,” although Noether mentioned her pleasure, upon meeting Czech mathematician

Olga Taussky, that more women were pursuing studies in the field. s
(This Month in Physics History, APS News Vol.22, No.3 March 2013 & ¥ $,#%)
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DAL TH D, (40 )

Galileo’s bold stance in the seventeenth century created science in any modern sense
of that word. And within decades, Isaac Newton’s discovery of a universal law of motion
became the model for all (A) explanation. Newton’s physics led to a worldview that today
shapes the thinking of each of us.

Galileo insisted that a scientific theory be accepted or rejected solely on the (B) of
experimental test. (C) or not a theory fit one’s intuition must be irrelevant.  This dictum defied
the scientific outlook of the Renaissance, which was in fact that of ancient Greece. Let’s look
at the problem Galileo faced in Renaissance Italy: the heritage of Greek science.

We owe the philosophers of ancient Greece credit for setting the scene for science by
seeing Nature as explicable. When Aristotle’s writings were (D) in the thirteenth century, they
were revered as the wisdom of a “Golden Age.”

Avistotle noted that everything that happens is essentially the motion of matter. Even,
say, the sprouting of acorns to become oak trees. He therefore started by treating the motion of
simple objects, where he could start with a small number of fundamental principles. This is
indeed the way we do physics today. We search for fundamental principles. However,
Aristotle’s method for choosing fundamental principles made progress (77) . He assumed such
principles could be intuitively perceived as self-evident truths.

Here are a few of them: A material object sought rest with respect to the cosmic center,
which “clearly” was Earth. An object fell because of its desire for this cosmic center. A
heavy object with its greater desire, would therefore, without doubt, fall faster than a light object.
In the perfect heavens, on the other hand, celestial objects moved in that most perfect of figures,
the circle. These circles would be on spheres centered on the cosmic center, (1) .

Greek science had a fatal flaw: It had no mechanism to compel consensus. The

Greeks saw experimental tests of scientific conclusions as no more relevant than experimental

tests of political or aesthetic positions. Conflicting views could be argued indefinitely.

The thinkers of the Golden Age launched the scientific endeavor. However, without
a method to establish some agreement, progress was impossible. Though Aristotle established



no consensus in his own day, in the late Middle Ages his views became the official dogma of the
Church, mostly through the effort of Thomas Aquinas.

Aquinas fitted Aristotle’s cosmology and physics with the Church’s moral and spiritual
doctrines to create a compelling synthesis. Earth, where things fell, was also the realm of
morally “fallen” man. Heaven, where things moved in perfect (*7) , was the realm of God and
His angels. At the lowest point in the universe, at the center of Earth, was Hell. When, in the
early Renaissance, Dante used this cosmological scheme in his Divine Comedy, it became a
view that profoundly influenced Western thought.

The position of the stars in the sky foretold the change of the seasons. What, then,

was the significance of the five bright objects that wandered through the starry background?

An “obvious” conclusion was the motion of these planets (“planet” means wanderer) foretold

erratic human affairs. The planets therefore warranted serious attention. Astronomy’s roots

are in astrology.
(“Quantum Enigma,” written by Bruce Rosenblum and Fred Kuttner X ¥ $i#)
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