STEM: A Study of Dead Men’s Names

Science History

Science, Technology, Engineering, Math (STEM): all of these disciplines require
applications of fundamental Math & Science developed in the 18", 19" & 20" centuries.
If you have to learn knowledge in that part of Science & Math development, there is a
near 100% chance you’ll be studying contributions of names with ancient photos /
paintings of some dead-white-men. I'm sorry; the names of dead male scientists &
mathematicians are attached to many physical concepts, laws & constants. Women &
minority students will just have to tolerate that.

Who is Amutpun MeHgeneeB?

Occasionally, you will meet men such as Dmitri Ivanovich
Mendeleev (pronounced “MEN-dah-LAY-ev” [¢)]) (ref [1]). Or is
it Mendeeyev, or is it Mendeleef (ref [2])? At any rate, Dmitri was
able to propose the chemical periodic table in 1869 despite living
in a warring Europe.

Another decade; another war in 1800’s Europe! Emperor
Alexander Il (1818 — 1881) of Russia, sold Alaska to the US
preemptively in 1867 (ref [3]) to prevent the UK from getting it in
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some future European conflict. Russia had previously lost to 1834 - 1907
England in the Crimean War (1853 — 1856). On the horizon, was
the Russo-Turkish War (1877 — 1878) fought, in part, to regain

land lost in the Crimean War.

You will see Dimitri’'s name spelled differently in different settings since the only correct
way is in Cyrillic (the Russian alphabet). In addition, he died before the connection of
spherical harmonics & atomic electron configurations (ref [4]) was made around 1925
by Niels Bohr (1885 — 1962) & others (refs [6] & [7]).

Are Electron Orbits Circular? Not Exactly!!!

The theme of Quantum Theory is quantized states & one cannot usually guess the
“Quantum Theme” in an application; the Science has to be led by experiment. For
example, an electron reacts in some experiments as a point particle, yet it carries a
negative charge that can only rotate or “spin” one quantized speed, either clockwise or
counter clockwise. God may be a transcendental philosopher in many world religions,
but around an atom, He is a mathematician (ref [8]). God uses a modified spherical
harmonics as an orthonormal basis set to quantize the electrons’ orbits. Exceptions &
approximations exist, e.g., inner electrons shield outer electrons from the full nucleus
charge. Nevertheless, electrons fill shells around an atomic nucleus as modeled by
modified spherical harmonic basis functions (Y.”(8,9)) (ref [9]). Here, (8) is the polar
angle in relation to an externally applied electromagnetic (EM) field; (@) is the azimuthal
angle.


https://en.wikipedia.org/wiki/Dmitri_Mendeleev
https://www.jefgeorge.com/mp3/pronunciation-ru-Mendeleev.m4a

Spherical Harmonics is reflected in the Periodic Table. However, Mendeleev, more or
less, guessed this without making the mathematical connection & subsequently died
never knowing the significance of his remarkable discovery.

The figure to the right shows the
bizarre world of electron configura-

tions, electrons orbiting an atomic .

nucleus in the presence of an external . ,

EM field (ref [4]). What are atomic- v

bound electrons doing without an

external EM field? | don’t think anyone

knows! But atoms are never really in 1ls 2 P 3d 4f
isolation.

Angular Momentum Subshells @ an Atom
The Periodic Table has 7 rows of
elements corresponding to the 7 quantum numbers of electron configurations observed
in nature (ref [5]). For these rows, the 1s’ subshell for Hydrogen (1H) @ row 1, through
the 7s? subshell for Uranium (soU) @ row 7 seem to be the symmetric orbital subshells
that one would expect, but the electrons in these orbits have no angular velocity, with
the azimuthal quantum number (£ = 0). At zero angular velocity, the product of an
electron’s circumferential speed times its distance from the atom’s nucleus, is zero. The
electron is able to zoom through the nucleus in a process called “tunneling” no worse for
the wear. The 1s" subshell electron is, on average, within about 80 pm (ref [10]) from a
1H nucleus (1 pm = 1 picometer = 1072 meters, siData.pdf).

Multiply its mass times its angular velocity & one gets the electron’s angular
momentum. For a given shell, as the electron is given increasing angular momentum,
an orbit is present; (¢ = 1, 2, 3) of (Y/”(8,9)) basis functions correspond to p, d & f
orbital subshells, with more “lobes” & “tori” (donuts) developing. In addition, the picture
above shows discrete surfaces or boundaries, but everything is actually fuzzy. The
lobes & donuts are considered “standing waves” of electron orbits (ref [11]). These
structures approximate areas of higher probability where the point particle electron will
be found & the probability dissipates outside the indicated surfaces.

These electron “orbits” certainly bare no similarity to planetary orbits we are used to.
Their “abstract” descriptions are mandated by mathematical modeling of experimental
data verified across decades. As Quantum Theory was being formulated in 1927, Niels
Bohr (ref [6]) remarked (ref [12]):

“Everything we call real is made of things that cannot be regarded as real.”

Hopefully, this brief presentation will appeal to your curiosity in learning more of the
mysteries of atoms & motivate you to investigate further into this corner of science
known as “Quantum Physics”. For example, Spherical Harmonics is further applied
through the Periodic Table to explain technology like computer electronics (ref [13]),


https://www.jefgeorge.com/rpt/siData.pdf#nameddest=prefixes
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Get Motivated!!!!

One fundamental key to me getting motivated to study the material for a course is that
these people were given a problem & this is what they did to solve it. You have to see
how problems were solved in the past to solve new problems in the future! The way a
problem was solved is included in a tech course, because it is very important! That
fundamental approach is how | consistently made A’s & B’s in course work.

There are minority STEM professionals now in NASA, JPL, CERN & elsewhere that
can serve as role models for future problem solvers. Unfortunately, you have to study
the work of a lot of dead white males, first. They were where the information was &
made the effort to learn it! They were just humans of the past trying to move society
forward into the knowledge we have today (ref [14]).
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