Epilogue: The Parallel Postulate
v 1. It was thought: “Perhaps this should NOT be a postulate, but a theorem”
a. Postulates I-1V imply 4 triangle congruence theorems, why not this fact about
parallels?

¥ b. The transcendence of Euclidean geometry was as significant as when
Copernicus showed us that the Earth was not the center of the universe.

i. “changes in conception of the cosmos”
c. non-Euclidean geometry is the foundation of Einstein’s theory of relativity
» 2. Equivalents to I.V.
» 3. Early 1800’s : three mathematicians to the rescue
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Epilogue: The Parallel Postulate
v 1. It was thought: “Perhaps this should NOT be a postulate, but a theorem”

a. Postulates |-V imply 4 triangle congruence theorems, why not this fact about
parallels?

vb. The transcendence of Euclidean geometry was as significant as when
Copernicus showed us that the Earth was not the center of the universe.

i. “changes in conception of the cosmos”
c. non-Euclidean geometry is the foundation of Einstein’s theory of relativity
v 2. Equivalents to L.V.

a. Proclus’ axiom: If a line intersects one of two parallel lines, it must intersect
the other

b. Equidistance postulate: parallel lines are everywhere equidistant
c. Playfair’s postulate: Given line & point not on it, there is exactly one line
through the point parallel to the line
d. 180 degree angle sum: The sum of the interior angles of a triangle equals 180
degrees.
v 3. Early 1800’s : three mathematicians to the rescue
va. Gauss

vii. Recognized the importance of the 180 angle sum

1. ...that the angle sum of a triangle can’t be less than 180 degrees ... this

is ... the reef on which all the wrecks occur.
Viii. In 1824 he had it:

1. “The assumption that the sum of the three angles is less than 180 leads
to a curious geometry, quite different than ours, but thoroughly
consistent, which | have developed to my entire satisfaction”

viv. But 5 years later he still hadn’t published his work - and had no plans to

1. “...I fear the howl of the Boetians if | speak my opinion out loud”

Suha —

,h,\—?\,zﬂ‘ a\ﬁéﬁl Il\/.
TT = ol Lo &

If two lines I, m are parallel, and t is a transversal, then
the AlA’s are congruent.
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Wolfgang Farkus (father) Bolyai - 1775 - 1856
d hugeriegn
V2.

a. Proved a Convergence Theorem for series (something like ratio test)
b. Spent years attempting to solidify the foundations of geometry

riend or Carl Fredric auss

3.
va.

va. “When the time is ripe for certain things, these things appear in different
places in the manner of violets coming to light in the early spring.”

i. | This is no doubt influenced by Newton & Liebniz and likely Gauss, Johann, & Lobachevsky

b. “You must not attempt this approach to parallels. | know this way to its very
end. | have traversed this bottomless night, which extinguished all light and
joy of my life ... | entreat you, leave the science of parallels alone.”
-to hisson, —— Farkus Bolyai

Johann Bolyai: 1802 - 1860

1. Despite father’s wishes pushed on with parrallels

v 3. Realized that Euclid’s parallel postulate wasn’t wrong, or out of place but was
IMPOSSIBLE to prove from postulates | - IV

v a. If you replaced 1.V with it's negation, you get a valid, consistent geometry
i. Congruence theorems still hold
ii. Many constructions are still possible
ii. No contradictions are found
4. “Out of nothing, | have created a strange new universe.”
v 5. His father finally got behind him, included this as appendix in a paper in 1832
a. Sent a copy to Gauss

b. Gauss responded: (paraphrased) “I know this is going to sound weird, but |
can’t say “this is awesome” because it’s exactly what I've got in my notes,
and | don’t want to brag, but I've known this for 35 years. | have worked
this out completely already.



https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FFarkas_Bolyai

Other foundational geometers
v 1. Nikolai Lobachevsky: 1796 - 1856
a. Actually published similar work 3 years earlier than Bolyai in 1829
vb.

c. Because it was so far ahead of contemporary thought (and in Russian), it was overlooked.

d. Age 8: Father died, Mom moved 3 sons near family in Kazan.

e. Age 14: Scholarship to a New university w/European professors, one was Gauss’ former tutor Martin Bartels
f. Became powerful professor & rector, but clashed with those that tried to turn Kazan into a religious university
9

. Hardship: Married in his 40’s, two sons died, brother in law gambled away family money, he spent money doing
upgrades on University residence, started to go blind

h. No one would support his ideas, he died @63, basically blind with no recognition
vi. Lobachevsky’s teacher / Gauss’ tutor is below

T

v 2. Bernhard Riemann: 1826 - 1866

-

v b. Threw out notion that lines have to be infinite
i. Infinite lines are not implied in Euclid’s postulate I
ii. Lines are unbounded, which is different than infinite length
v c. This allowed for spherical geometry where lines act as great circles
i. no parallel lines
v 3. Eugenio Beltrami: 1835 - 1900
va.

st

b. Proved logical consistency of the different geometries
c. Also discovered the SVD, influence tensor calculus

vd. If Euclidean geometry was consistent, then so was non-Euclidean.
i. So Euclid’s I.V was optional, not necessary.



https://en.wikipedia.org/wiki/File:Beltrami.jpg
https://en.wikipedia.org/wiki/File:Johann_Christian_Martin_Bartels.jpg
https://upload.wikimedia.org/wikipedia/commons/0/0e/Lobachevsky.jpg
https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FBernhard_Riemann
https://en.wikipedia.org/wiki/File:Klein_model.svg
https://en.wikipedia.org/wiki/File:Poincare_disc_hyperbolic_parallel_lines.svg
https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FLine_(geometry)
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Nikolsr Lobachevsky: 1192 - 1856


https://upload.wikimedia.org/wikipedia/commons/0/0e/Lobachevsky.jpg
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.gettyimages.no%2Fphotos%2Frussia-poverty&psig=AOvVaw2ACi5r5IvQBCsu9EwApOlA&ust=1631724340699000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCOjdw4f1_vICFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fcommons.wikimedia.org%2Fwiki%2FFile%3AKazan_Gymnasium%2C_1820.jpg&psig=AOvVaw10HWXao_BZcZ1hLxdFeq9j&ust=1631724877486000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCKih6YL3_vICFQAAAAAdAAAAABAL
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“Not a year goes by without Professor Lobachevsky willfully trying
to violate our instructions... He should be closely watched.”
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https://en.wikipedia.org/wiki/File:Kazan_University,_1832.jpg
https://mathshistory.st-andrews.ac.uk/Biographies/Bartels/pictdisplay/
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.usmagazine.com%2Fentertainment%2Fpictures%2Fthe-breakfast-club-cast-where-are-they-now%2F&psig=AOvVaw1Q_r76OaI9TL1uD_nghR0Y&ust=1631729867756000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCOjJkc2J__ICFQAAAAAdAAAAABAD
https://en.wikipedia.org/wiki/File:Kazan_University,_1832.jpg
https://en.wikipedia.org/wiki/File:Alex1.jpg
https%3A%2F%2Fflashbak.com%2Fbiblioclasts-they-who-burn-books-33438%2Fscreen-shot-2015-04-04-at-17-37-03%2F
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The boldness of his challenge and its successful outcome have inspired mathematicians and scientists in general to challenge other "axioms" or accepted "truths", for example the "law" of causality which, for
centuries, have seemed as necessary to straight thinking as Euclid's postulate appeared until Lobachevsky discarded it. The full impact of the Lobachevskian method of challenging axioms has probably yet to be felt.
It is no exaggeration to call Lobachevsky the Copernicus of Geometry, for geometry is only a part of the vaster domain which he renovated; it might even be just to designate him as a Copernicus of all thought.

On Non-Euclidean Geometry: Lobachevsky

Original Source: https://archive.org/details/in.ernet.dli.2015.165707/page/n65/mode/2up ?view=theater



https://en.wikipedia.org/wiki/File:Celebrating_the_birthday_of_Lobachevsky.JPG

link to Lobachevky’s House Museum

link to overview slides on Lobachevky

overview

original work: theory of parallels

original work: 2

original work: 3

Martin Bartels: teacher



https://media-cdn.tripadvisor.com/media/photo-s/08/11/96/af/caption.jpg
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