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This Lecture s Reference Link Listing

Web Resources - front page Quantum Theory for the Computer Age 2017 Group Theory for QM
UAF Physics UTube channel Principles of Symmetry, Dynamics, and Spectroscopy 2018 Adv CM
Classical Mechanics with a Bang! 2018 AMOP
Modern Physics and its Classical Foundations 2019 Advanced Mechanics
Lecture #6

RelaWavity Web Simulation: Contact Ellipsometry
BoxIt Web Simulation: Elliptical Motion (A-Type)
CMwBang Course: Site Title Page

Pirelli Relativity Challenge. Describing Wave Motion With Complex Phasors
UAF Physics UTube channel

These are hot off the presses. Out in MISC for quick reference.

Sorting_ultracold_atoms_in_a_three-dimensional_optical_lattice_in_a_realization_of Maxwell's_Demon - Kumar-n-2018
Svynthetic_three-dimensional atomic_structures assembled atom by atom - Barredo-n-2018
Older ones:

Wave-particle _duality of C60_molecules - Arndt-1tn-1999
Optical_Vortex_Knots_-_One_Photon__At A_Time - Tempone-Wiltshire-Sr-2018

References that did not make Lect 5, but that may have an affinity for the Independent Bounce Model covered there in:
Baryon_Deceleration_by_Strong_Chromofields in_Ultrarelativistic Nuclear Collisions - Mishustin-PhysRevC-2007,
APS Link & Abstract

They treat collisions between ultrahigh energy nuclei as pair-wise independent collisions between “baryonic slabs”

Some Nuclei Hadronic material may behave or in times of extreme perturbation collapse or react as if it were comprised of clumps, of a size
or composition more favorable, say: NP(Deuterium), He(Alpha), Carbon, ...

Hadronic Molecules - Guo-x-2017
Hidden-charm_pentaquark_and_tetraquark_states - Chen-pr-2016



https://modphys.hosted.uark.edu/markup/Harter-SoftWebApps.html
https://www.youtube.com/channel/UC2KBYYdZOfotnkUOTthDjRA
https://modphys.hosted.uark.edu/markup/CMwBang_UnitsDetail_2017.html
https://modphys.hosted.uark.edu/markup/PSDSWeb.html
https://modphys.hosted.uark.edu/markup/QTCA_UnitsDetail.html
https://modphys.hosted.uark.edu/markup/MPCF_Info_2012.html
https://modphys.hosted.uark.edu/markup/QTCA_Info_2018.html
https://modphys.hosted.uark.edu/markup/CMwBang_Info_2019.html
https://modphys.hosted.uark.edu/markup/GTQM_Info_2017.html
https://modphys.hosted.uark.edu/markup/CMwBang_Info_2018.html
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=1,2
https://modphys.hosted.uark.edu/markup/BoxItWeb.html?AU2=1.0&BU2=0.0&CU2=0.0&DU2=1.0&xInitial=0.707107&yInitial=0.707107&pxInitial=0.353553&pyInitial=-0.353553&wantBoxLines=1&wantPELevels=0&timeMax=30.0&wantStokes=0&wantPhasorsModal=0&wantBallsNItsPhi2=0
https://modphys.hosted.uark.edu/markup/CMwBang_TitlePage.html
https://pirelli.hosted.uark.edu/html/phasors_single_anim.html
https://www.youtube.com/channel/UC2KBYYdZOfotnkUOTthDjRA
https://modphys.hosted.uark.edu/ETC/MISC/Baryon_Deceleration_by_Strong_Chromofields_in_Ultrarelativistic_Nuclear_Collisions_-_mishustin-PhysRevC-2007.pdf
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.76.011603
https://modphys.hosted.uark.edu/ETC/MISC/Hadronic_molecules-_Guo-x-2017.pdf
https://modphys.hosted.uark.edu/ETC/MISC/hidden-charm_pentaquark_and_tetraquark_states-_chen-pr-2016.pdf
https://modphys.hosted.uark.edu/markup/QTCA_Info_2018.html
https://modphys.hosted.uark.edu/markup/GTQM_Info_2017.html
https://modphys.hosted.uark.edu/ETC/MISC/Sorting_ultracold_atoms_in_a_three-dimensional_optical_lattice_in_a_realization_of_Maxwell%E2%80%99s_demon_-_Kumar-n-2018.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Synthetic_three-dimensional_atomic_structures_assembled_atom_by_atom_-_Barredo-n-2018.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Wave-particle_duality_of_C60_molecules_-_arndt-ltn-1999.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Optical_Vortex_Knots_-_One_Photon__At_A_Time_-_Tempone-Wiltshire-Sr-2018.pdf

Running Reference Link Listing

Bouncelt Web Animation - Scenarios:
. Generic Scenario: 2-Balls dropped no Gravity (7:1) - V vs V Plot (Power=4)
Prior to Lecture #6 1-Ball dropped w/Gravity=0.5 w/Potential Plot: Power=1, Power=4
7:1 -V vs V Plot: Power=1
3-Ball Stack (10:3:1) w/Newton plot (v vs t) - Power=4

3-Ball Stack (10:3:1) w/Newton plot t)-P =1
Velocity Amplification in Collision Experiments Involving Superballs - Harter, 1971 3 BZ IS tzgk ;] 0-3- Ij x /Nix ZZZ 109 ZZ ; g “j:: tj - PZVWVZ: 1 w/Gaps

MIT OpenCourseWare: High School/Physics/Impulse and Momentum 4-Ball Stack (27:9:3:1) w/Newton plot (v vs 1) - Power—4

Hubble Site: Supernova - SN 19874 4-Newton's Balls (1:1:1:1) w/Newtonian plot (v vs t) - Power=4 w/Gaps
6-Ball Totally Inelastic (1:1:1:1:1:1) w/Gaps: Newtonian plot (t vs x), V6 vs V5 plot
5-Ball Totally Inelastic Pile-up w/ 5-Stationary-Balls - Minkowski plot (t vs x1) w/Gaps
1-Ball Totally Inelastic Pile-up w/ 5-Stationary-Balls - Vx2 vs Vx1 plot w/Gaps

Bounceltlt Web Animation - Scenarios: Bouncelt Dual plots
49:1yvst 49:1 V2vs VI, 1:500:1 - 1D Gas Model w/ faux restorative force (Cool), mi:m; =3:1

1:500:1 - 1D Gas (Warm), 1:500:1 - 1D Gas Model (Cool, Zoomed in), v2vsviand V2 vs Vi, (vi. v2)=(1, 0.1), (v1. v2)=(1, 0)
Farey Sequence - Wolfram y2vs yi plots: (vi, va)=(1, 0.1), (vi, v2)=(1, 0), (vi, v2)=(1, -1)

Fractions - Ford-AMM-1938 Estrangian plot V2> vs Vi (vi, v2)=(0, 1), (vi, va)=(1, -1)

Monstermash Bounceltlt Animations: mi:mz=4:1

1000:1 - V2 vs V1, 1000:1 with t vs x - Minkowski Plot v2vsvl, y2vsyl
Quantum Revivals of Morse Oscillators and Farey-Ford Geometry - Li-Harter-2013 mi:mz =100:1, (vi, v2)=(1, 0): V2 vs VI Estrangian plot, y2 vs vl plot
Quantum_Revivals_of Morse_Oscillators_and_Farey-Ford_Geometry - Li-Harter-cpl-2015 With g=0 and 70:10 mass ratio

Quant. Revivals of Morse Oscillators and Farey-Ford Geom. - Harter-Li-CPL-2015 (Publ.)  With non zero g, velocity dependent damping and mass ratio of 70:35
Velocity Amplification_in_Collision_Experiments Involving Superballs-Harter-1971 Mi=49, M>=1 with Newtonian time plot
Wavelt Web Animation - Scenarios: Mi1=49, M>=1 with V> vs Vi plot

Quantum_Carpet, Quantum_Carpet wMBars, Example with friction

Quantum_Carpet_BCar, Quantum_Carpet_BCar_wMBars Low force constant with drag displaying a Pass-thru, Fall-Thru, Bounce-Off
Wave Node Dynamics and Revival Symmetry in Quantum Rotors - Harter-JMS-2001 ml:m2=3:1 and (vl, v2) = (1, 0) Comparison with Estrangian

Wave Node Dynamics and Revival Symmetry in Quantum Rotors - Harter-jms-2001 (Publ.)

X2 paper: Velocity Amplification in Collision Experiments Involving Superballs - Harter, et. al. 1971 (pdf)
Car Collision Web Simulator: https.//modphys.hosted.uark.edu/markup/CMMotionWeb.html

AJP article on superball dynamics Superball Collision Web Simulator: https://modphys.hosted.uark.edu/markup/BounceltWeb.html; with Scenarios: 1007
AAPT Summer Reading List Bouncelt web simulation with g=0 and 70:10 mass ratio
Scitation.org - AIP publications With non zero g, velocity dependent damping and mass ratio of 70:35
HarterSoft Youtube Channel Elastic Collision Dual Panel Space vs Space: Space vs Time (Newton) , Time vs. Space(Minkowski)

Inelastic Collision Dual Panel Space vs Space: Space vs Time (Newton), Time vs. Space(Minkowski)
Matrix Collision Simulator:M1=49, M>=1 V> vs V; plot <<Under Construction>>

More Advanced OM and classical references at the end of this Lecture



https://modphys.hosted.uark.edu/markup/BounceItWeb.html
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=2072
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=2073
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=2075
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=2176
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=2177
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=2179
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=3106
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=3107
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=4010
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=4011
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=4012
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=4020
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Velocity_Amplification_in_Collision_Experiments_Involving_Superballs-Harter-1971.pdf
http://ocw.mit.edu/high-school/physics/exam-prep/systems-of-particles-linear-momentum/impulse-and-momentum/
http://hubblesite.org/newscenter/archive/releases/2007/10/image/a/
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Velocity_Amplification_in_Collision_Experiments_Involving_Superballs-Harter-1971.pdf
https://modphys.hosted.uark.edu/markup/CMMotionWeb.html
https://modphys.hosted.uark.edu/markup/BounceItWeb.html
http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=1007
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1007
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=6300
https://modphys.hosted.uark.edu/markup/CMMotionWeb.html?scenario=20003
https://modphys.hosted.uark.edu/markup/CMMotionWeb.html?scenario=20005
https://modphys.hosted.uark.edu/markup/CMMotionWeb.html?scenario=20004
https://modphys.hosted.uark.edu/markup/CMMotionWeb.html?scenario=20006
https://modphys.hosted.uark.edu/markup/BounceMatWeb.html
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1007
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=6300
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1009
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1010
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1111
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1111
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1112
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1113
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1014
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1114
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1124
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1214
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1224
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1016
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1014
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1026
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1024
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1015
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1014
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1025
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1009
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1010
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=2081
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=20810
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=20811
http://mathworld.wolfram.com/FareySequence.html
http://www.cimat.mx/~gil/docencia/2008/elementales/circulos_ford.pdf
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=3000
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=3004
http://www.uark.edu/ua/modphys/pdfs/QTCA_Pdfs/QTCA_PapersNTalks/MorseRevivals5.31.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Quantum_Revivals_of_Morse_Oscillators_and_Farey-Ford_Geometry_-_Li-Harter-cpl-2015.pdf
http://www.sciencedirect.com/science/article/pii/S0009261415003784
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Velocity_Amplification_in_Collision_Experiments_Involving_Superballs-Harter-1971.pdf
https://modphys.hosted.uark.edu/markup/WaveItWeb.html?scenario=Quantum_Carpet
https://modphys.hosted.uark.edu/markup/WaveItWeb.html?scenario=Quantum_Carpet_wMBars
https://modphys.hosted.uark.edu/markup/WaveItWeb.html?scenario=Quantum_Carpet_BCar
https://modphys.hosted.uark.edu/markup/WaveItWeb.html?scenario=Quantum_Carpet_BCar_wMBars
http://www.sciencedirect.com/science/article/pii/S0022285201984498
http://www.sciencedirect.com/science/article/pii/S0022285201984498
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Velocity_Amplification_in_Collision_Experiments_Involving_Superballs-Harter-1971.pdf
https://aip-info.org/37VS-QW7L-1462CY2628/cr.aspx?v=1
https://www.scitation.org/
https://www.youtube.com/channel/UC2KBYYdZOfotnkUOTthDjRA

Geometry of common power-law potentials

Geometric (Power) series
— “Zig-Zag” exponential geometry
Projective or perspective geometry
Parabolic geometry of harmonic oscillator kr?/2 potential and -kr! force fields
Coulomb geometry of -1/r-potential and -1/r’>-force fields
Compare mks units of Coulomb Electrostatic vs. Gravity
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The Weapons of Math Instruction

(a) Toolbox 1. Euclidian Geometry

(b) Toolbox 2. Navigational Geometry

parallel rule, ruler, and protractor

(c) Toolbox 3. Analytical geometry

Graph paper and calculator

( D
Complex algebra and calculus
1/z=r" 1 el 0

Rect xy- Polarrf

II/Z dz=Inz o000

(d) Toolbox 4. Computer geometry... Anything goes!

Harter- %/

=7 \ i{.'l ) i
i /f//‘ 1 5‘ - %/(’/{Z///T
. S— tlucatio nal Jeols
ey Facelt ~ Bandlt Bohrlt  Bouncelt -
. . Inee 200/

r M L.

ool & w

g '1]" E

4 + h_-
Colodt U2  Qscilllt Re ati{/It Wavelt

So far we mostly use

1oolbox (a-b)

What follows uses
Toolbox (c) ...

...and Toolbox (d)
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Geometry of common power-law potentials

Geometric (Power) series
“Zig-Zag” exponential geometry
=P Projective or perspective geometry
Parabolic geometry of harmonic oscillator kr?/2 potential and -kr! force fields
Coulomb geometry of -1/r-potential and -1/r’>-force fields
Compare mks units of Coulomb Electrostatic vs. Gravity
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Geometry of common power-law potentials

Geometric (Power) series
“Zig-Zag” exponential geometry
Projective or perspective geometry
== Parabolic geometry of harmonic oscillator kr2/2 potential and -kr! force fields
Coulomb geometry of -1/r-potential and -1/r’>-force fields
Compare mks units of Coulomb Electrostatic vs. Gravity



Each y=x? parabola pointofound by just one “Zig-Zag”

1. Pick an (x=7?)-line

Y=X

x=1

V=X,

2. “Zig” from its y=x
intersection to x=1 line

x=1

3. “Zag” from origin
back to (x=?)-line

“Zag” line is y=(?)x
and hits (x=2?)-line at

y=(2)-(?)=(?)?

x=1
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A more conventional parabolic geometry...(uses focal point)
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...conventional parabolic geometry...carried to extremes...
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Geometry of common power-law potentials

Geometric (Power) series
“Zig-Zag” exponential geometry
Projective or perspective geometry
Parabolic geometry of harmonic oscillator kr?/2 potential and -kr! force fields

= Coulomb geometry of -1/r-potential and -1/r’>-force fields
Compare mks units of Coulomb Electrostatic vs. Gravity
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Geometry of common power-law potentials

Geometric (Power) series
“Zig-Zag” exponential geometry
Projective or perspective geometry
Parabolic geometry of harmonic oscillator kr?/2 potential and -kr! force fields
Coulomb geometry of -1/r-potential and -1/r’>-force fields
- Compare mks units of Coulomb Electrostatic vs. Gravity
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Attractive (+)(-) or (-)(+)
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Geometry of idealized “Sophomore-physics Earth”™

mPp-Corlomb field outside Isotropic Harmonic Oscillator (IHO) field inside
Contact-geometry of potential curve(s)
“Crushed-Earth” models: 3 key energy “steps” and 4 key energy “levels”
Earth matter vs nuclear matter:

Introducing the “neutron starlet” and “Black-Hole-Earth”
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Coulomb force inside-spherical body due to stuff below you, only.
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Coulomb force vanishes inside-spherical shell (Gauss-law) Unit 1
Fig. 9.6
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rce inside-spherical body due to stuff below you, only.

Gravitational force at r_ 1s

Note:

just that of planet@below v

Hooke's (linear) force law
for r< inside uniform body
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Geometry of idealized “Sophomore-physics Earth”™
Coulomb field outside Isotropic Harmonic Oscillator (IHO) field inside

=3 ontact-geometry of potential curve(s)
“Crushed-Earth” models: 3 key energy “steps” and 4 key energy “levels”

Earth matter vs nuclear matter:
Introducing the “neutron starlet” and “Black-Hole-Earth”
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...conventional parabolic geometry...carried to extremes...
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Geometry of idealized “Sophomore-physics Earth”™

Coulomb field outside Isotropic Harmonic Oscillator (IHO) field inside
Contact-geometry of potential curve(s)
3 ‘Crushed-Earth” models: 3 key energy “steps” and 4 key energy “levels”
Earth matter vs nuclear matter:

Introducing the “neutron starlet” and “Black-Hole-Earth”



Sophomore—physics-Eag;?h Jnside apd(out;
o

%

%

| &

M@
R’

surface gravity: g =-G

Coutside )

Geometric(x,y) Scaling mksvariables
(Dimensionless) relations (meter-kg-sec)
space coord.: x r=Rgx x=r/Rg
GM
PE forlx21: | PE™(r) | PE™(r)=-""F
r
. Ko R, «x

orbiting mass =




Sophomore—physics-Eag;?h Jnside apd(out;
o

% M m
o 4 surface gravity: g =-G—>=-9.8 —
PR & N ® S
r ,:50 —I\gDissociation threshold : PE=0
_ &
N .~
) o> OV
Q\ 6 d v AN
AR Q -+ <> T =
orbiting mass =
UM

Coutside )

Geometric(x,y) Scaling

(Dimensionless) relations

|
mksvariables

(meter-kg-sec)

space coord.: x r=Rgx x=r/Rg
GM
PE forlf=1: | PE™(r) | PE™(r)=-Z2H
r
el _GMUL v _ GMu1
* Ko Ry x

1
5 “Viscape — G

UM,
R@

surface potential: PE=-G
KE = PE relation:

Re



Sophomore—physics-Eag;?h Jnside a
o

hd(out:

© M
% 4 surface gravity: g =-G ?=‘9-8ﬂ2
\
0 0 0 <> 0 ® escape
_ I | ;:0”;

Coutside )

Geometric(x,y) Scaling mksvariables
(Dimensionless) relations (meter-kg-sec)
space coord.: x r=Rgx x=r/Rg
GM
PE forlf=1: | PE™(r) | PE™(r)=-Z2H
r
. Ko R, «x

R
:EO —I\ g Dissociation threshold : PE=0
&\
Q A
AN
Q

- m - == AT T L L L L L L L

orbiting mass =

U - —
surface potential: PE= -G a P 2
@

KE = PFE relation:
1 UM

2 R,

2 —
JLL Vescape =G

R -escape-velocity

Vescape :\/

g Me
RC-D



Sophomore—physics-Eag;?h Jnside apd(out;
o

%

%

| &

: M
surface gravity: g =-G —2=-9 gﬂz
® s
escape

Coutside )

Geometric(x,y) Scaling mksvariables
(Dimensionless) relations (meter-kg-sec)
space coord.: x r=Rgx x=r/Rg
GM
PE forlx21: | PE™(r) | PE™(r)=-""F
r
yPE:i :G;\j.u yPE =_GM,LL1
I S D Ro ¥
GM
Forcef0r|x|21: F"™(r) F™ (r)=- 2,Lt
r
Force:'_i =GA42‘LL Force . GM‘LL i
X Re - R. x’

S

" O C
' ' 1)
~ BA—D—

T 13 \LJ

orbiting mass =

surface potential: PE=-G

KE = PFE relation:

1 M

o “VZS‘CClpe =G u @
R@

Re

2

R -escape-velocity

M
Vescape :\/2G —
R(-D




Sophomore-physics-Eagth gnside)ahd
o

© M m
o? surface gravity: g =-G e ©—98—
S
© © ¢ ¢ v escape
—I\gDissociation threshold : PE=0 rﬁ_om N
_ —h®
SIS
NSO
@,

orbiting mass =

surface potential: PE= -G a P 2
COMIS ide) | KE = PE relation: ®
Geometric(x,y) Scaling mks variables l uvz -G .UM ®
(Dimensionless) | relations (meter-kg-sec) 2 ccape R o
space coord.: x r=Rgx x=r/Rg 2
---------------------------------------------------------------- T ON T D _velocit
N N GM ) escape-velocity
PE f0r|x|21: PE . (l’) PE k (}"): - ] A PE fOI'l.X|<1: lnSld-e @® M
_ — @®
yPE:_l :Gj‘j‘u yPE _ GMu l yPE:x_z_é PE’"’“(r)zGM“( r’ _éj Vescape _ 2GR—
B S Ro x| " 22 . Ry \2R 2) 11 thmsec °
GM F for|x{<1:
FO}"C€ f0r|X|21 kas (r) kas (r) —_ . :Ll“ orce OI'|X| GM
r
yForce:i =GM|LL yForce GM‘LL 1 yFO”W: -X kas (r) = - R3‘LL r
2 R2 = - 5 ®
* © Ry x |




Sophamore—physics-Eag?h <(insia’e apd(out’
o

¢ M m
. . _ @ _
o 4 surface gravity: g =-G—=-9.8—
o © o S
<o "% escape
_ 0 —I\ g Dissociation threshold : PE=0 r=0m
OO S <
9,

orbiting mass =

Coutside )

KE = PFE relation:

Geometric(x,y) Scaling mksvariables l ,LLV2 -G 3,UM ®
(Dimensionless) | relations (meter-kg-sec) p I bettom 2 R,
space coord.: x r=Ryx x=r/R, ® (r=0) loci
----------------------------------------------------------------------------- e (p=())-escape-velocity
mMKS MmMKSs GM )
PE for|x>1: PE™ (r) PE"™ (r)=- . =1 pE for|x|<I: &nSlde M
— @
yPE:i :GM‘LL yPE . GM‘LL l PE:'x_2_ é PEmks(}"): GM‘LL( r2 _é Vbottom _ 3G R
X Rg T R, x Y 2 9 R, k 2R 2 )| 13.7km/sec ®
________________________________ GMu | Forcefor|x<t:|
FO}"C€ f0r|X|21 kas (r) kaS( ) —_ . :Ll“ orce |x| GM
r orce MmMKS ILL
Force:__i =GA42|LL Force B GM‘LL i foree= F ¢ (r) — - Ré r
x Re TR X .




Sophomore-physics-Eagth(inside)apd(out:
...and surface orbit at¢r=R u -
o 4 surface gravity: g =-G—>=-9.8 —
o © Ky S
<o "% escape
B v 0 —I\gDissociation threshold : PE=0 rzom

Bottom potential: PE=-G

Coutside )

: 2R
KE = PE relation: ®
|
Geometric(x,y) Scaling mksvariables l ,LLV2 -G 3,UM ®
(Dimensionless) | relations (meter-kg-sec) 2 botton 2 R®
space coord.: x r=Ryx x=r/R, ® (r=0) loci
----------------------------------------------------------------------------- e (p=())-escape-velocity
mMKS MmMKSs GM )
PE for|x>1: PE™ (r) PE"™ (r)=- . =1 pE for|x|<I: &nSlde M
— @
yPE:i :GM‘LL yPE . GM‘LL l PE:'x_2_§ PEmks(}"):GM‘LL( r2 _é Vbottom _ 3G R
X Ry o R, x Y o) R, szé 9) 13.7km/sec D
""""""""""""""""""""""""" GMu | Forcefor|d<t:|
FO}"C€ f0r|X|21 kas (r) kas (r) —_ . :Ll“ orce OI'|x| GM
r orce MmMKS ILL
Force:i =GM‘LL yForce GM‘LL 1 yF X F k (r) — R3 !
2 R2 = - —_ @
x ® R X .




Saphomore—physics-Eag?hginside apd(out’
%

...and surface orbit atr=

. M
0 © © lsurface gravity: g =-G - (§=—9.8Sﬂ2
. 0 0 . © escape
Centifugal force = surface gravity: V 0 =g Dissociation threshold : PE=0 _Onf
— 5 = R r=
20 —1g=G O OOV
R@_%_\& ‘ @ .

Coutside )

- m - == A o A L L T T

Bottom potential: PE=-G
KE = PE relation:

|
Geometric(x,y) Scaling mksvariables l ,LLV2 -G 3,UM ®
(Dimensionless) | relations (meter-kg-sec) p I bettom 2 R,
space coord.: x r=Ryx x=r/R, ® (r=0) loci
----------------------------------------------------------------------------- e (p=())-escape-velocity
mMKS MmMKSs GM )
PE forld21l: | PE™() | PE™()=-"=E | ppforfar: IO ide ;i
— @
yPE:_l :GM‘LL yPE . GM‘LLl PE:'x_2_§ PEmks(}"):GM‘LL( r2 _é Vbottom _ 3G R
X Rg - R, x Y 2 2 R, k 2R 2 )| 13.7km/sec ®
________________________________ GMu | Forcefor|x<t:|
FO}"C€ f0r|X|21 kas (r) kaS( ) — . :Ll“ orce |x| GM
r orce MmMKS ILL
Force:__i =GA42|LL Force GM‘LL i Foree— -X F ¢ ( ) = R;) r
X Re R X




Sophomore-physics-

...and surface orbit atr=

Earth(inside)a

ot

: M
& 4 surface gravity: g =-G—%=-9.8 ﬂz
0 0 0 <> ® esccg)e
Centifugal force = surface gravity: ¥ 0 =R, Dissociation threshold : PE= 0 o
22 _ S i
‘UV@ :‘ug:G - SO @ :
R@ A S

Coutside )

Geometric(x,y) Scaling
(Dimensionless) relations
space coord.: x r=Ryx
mMKS MmMKSs GM
PE for|x>1: PE"(r) PE"(r)= n £ PE for|x|<1:
yPE:_l :GM‘LL yPE _ GM‘LL 1 PE_-x_2_§
X R@ B R@ X Y 2 2
__________________________________ GMu | Forcefor|x<l:
Forcefor|f=1: | F™(r) F"™(r)= 2,Lt &
r
Force__
Force:i =GM|LL Force GM‘LL 1 =-X
x* R, )

A
el 1

/T Pk 2 N
inside)

mks _GM.LL( r’ _é
oG )
F™ (r) = G}g“r

Bottom potential: PE=-G
KE = PE relation:

|
ksvariabl 1
mksvariables 1 “Vionom -G
(meter-kg-sec) 2
x=r/Rg ®

(r=0)-escape-velocity

M
— @D
Vbottom _\/ 3G
13.7km/sec

3uM
2R,

Re



Sophomore-physics-
..and surface orbit at¢r=

Earth(inside)a

ot

982

r=

¢ ity: g =- Mo _ .
0o o l R’ 2
0 0 escape
Centifugal force = surface gravity: =RgDissociation threshold : PE=0 o
V M ‘
R@ R, D 2

1

Orbit KE=— uv —G‘u

2R,

v
\D D
\D¢

Orbit Egoml :

umM
R@

Coutside )

. {G

2R,

A I
\
M 1%
| A
L «
A\l

Geometric(x,y) Scaling
(Dimensionless) relations
space coord.: x r=Ryx
mMKS MmMKSs GM
PE for|x|>1 PE"™(r) PE"™ (r)= 5 £ PE for|x|<1:
yPE:_l :GM‘LL yPE _ GM‘LL 1 PE -x__é
X R@ B R@ X Y 2 2
________________________________ GMu | Forcefor|x<l:
Forcefor|f=1: | F™(r) F"™(r)= 2,Lt &
r
Force__
Force:__i =GA42|LL Force GM‘LL i =-X
X R@ Ré x2

|
ks variabl 1
mksvariables 4 uvioﬂom -G
(meter-kg-sec) 2
x=r/Rg 2

- m - == A o A L L T T

Bottom potential: PE=-G
KE = PE relation:
3uM
2R,

G —0)- _veloci
@ZSZ de) (r=0)-escape-velocity
M(—D
PEmks _GM‘LL( 1’2 3 Vbottom — 3G R
(r)= R, szé_E 13.7km/sec ®
F"™ (r)= G}g‘ur




Sophomore-physics-

...and surface orbit atr=

Earth(inside)a

ot

hd(out) “3-steps out of worimy Hell”

: M, m
o 4 surface gravity: g =-G—=-9.8—
o © ® S
. 0 O . escape
Centifugal force = surface gravity: 0 =RgDissociation threshold : PE=0 fromy,
= 2 - A N
HVo _ _G“M@ o< OV VE
R —,ug— R 2 -
R - N BT
| 1 7
Orbit[KE=—uv: =G el S
2 ZR@ e Sy
. o 1 M M A:‘\\r'
Orbit |[E" =—uv? GHe | GEY o i
o e R 2R . (1)
@ @ N orbiting mass =
(r=R,)-orbit angular frequency: |[EEEEEEENE NN T . V1) '
Bottom potential: PE=-G
"Re=G—F - | Xe -
W Re=0 7" = 0= R KE = PE relation:

, @ , ® | 1 3uM
Geometric(x,y) Scaling mks variables 2 uvz -G UM g
(Dimensionless) relations (meter-kg-sec) 2 botiom 7R o
space coord.: x r=Ryx x=r/Rg 2 (r=0) locit

----------------------------------------------------------------------------- oy o (r=U)-escape-velocity
GM
PE forld21l: | PE™() | PE™()=-"=E | ppforfar: IO de) v
— @®
yPE:_l :GM‘LL yPE . GMu 1 PE_-x_z_é PEmks( )_GM,U( r’ é Vbottom _\/3G R
X Rg - R, X Y TS, = R, szé 9 || 13.7km/sec ®
"""""""""""""""""""""""""""" GMu | Forcefor|d<t:|
FO}"CG f0r|X|21 kas (r) kaS( ) — r2 :Ll“ orce 0r|X|< GM
Force:i =GM‘L[ Force GM‘LL 1 Force: _x kaS( ) — R3‘LL 7
* Re R x* ;
)




Sophomore-physics-

..and surface orbit at¢r=

Earth(inside apd(out) 3

ot

-steps out of orime) Hell”

o © ty: g=-GJo_gg™
0 Q 0 <> l R@ esccg)e
Centifugal force = surface gravity: 0 =R g Dissociation threshold : PE=0 fromy,
K A -
ILLV _G JLLM@ A VY, o v G
R —‘llg— R 2 -
O ey, ° = A
. 1 ‘
Orbit[KE=—uv: =G el ,
2 2R@ B
, 1 M M %
Orbit £ :—,uVé—G‘u o [ GH "ol B8
2 R® 2R@ J orbiting mass = G
(r=R,)-orbit angular frequency: || SN0 S| Ty :
v M Bottom potential: PE=-G
2 _ @ .
W K= L KE = PE relation:

. & . ® . | 1 3uM
Geometric(x,y) Scaling mksvariables = ,LLV2 -G MM
(Dimensionless) | relations (meter-kg-sec) 2 bottom 2 R®
space coord.: x r=Ryx x=r/R, ® ( O) locit

----------------------------------------------------------------------------- oy N (F=U)-escape-velocity
GM
PE for|x>1: PE"™ (r) PE"™(r)= n El pe for|x<1: &nSlde) M
— @
yPE:i :GM‘LL yPE GM‘u 1 PE__ x> 3 PR _GM‘LL( r’ é Vbottom _\/3G R
X Ry - R, x Y ) (r)= R, szé || 13.7km/sec D
“““““““““““““““““““““““ R O —orbit speed:
Forcef0r|x|21: F () Fe () = Gr2 u orce 0r|x|< . ( ) p
orce MmMKS ILL
orce 1 _GMILL orce 3 =-X F ‘ ( ) — r — _— R
B L ke N
® Ry x 7.9km/sec




Sophomore-physics-
...and surface orbit atr=

Earth(inside)a

ot

hd(out) “3-steps out of worimy Hell”

. M m
o 4 surface gravity: g =-G—>=-9.8 —
o © ® S
) O O ) escape
Centifugal force = surface gravity: 0 =RgDissociation threshold : PE=0 fromy,
= 2 - A N
HVo _ _G“M@ o< OV VE
R —‘llg— R 9) -
OO L Yo R o
. 1 7
Orbit[KE=—uv: =G el S
2 2R@ B
. o 1 M M A:‘\\r'
Orbit £ :—,uVé—G‘u o [ GH "ol B8
2 R® 2R@ J orbiting mass = G
(r=R, )-orbit angular frequency: NSNS T . V1) '
v Bottom potential: PE=-G
"Re=G—F - | Xe -
WO K= = W= R KE = PE relation:
Y |
Geometric(x,y) v Scaling mksc?/ariables l ,LLV2 _G 3.UM @
(Dimensionless) relations (meter-kg-sec) 2 botton 2R ©
space coord.: x r=Ryx x=r/R, ® (r=0) locit
----------------------------------------------------------------------------- g o (r=0)-escape-velocity
M
PE for|x>1: PE"(r) PE"(r)= Gr = PE for|x|<1: &nSlde) M
e -1 GM U 2 2 \Y = [3G—=2
y :; = - yPE _ GM u l yPE:x__é PEmkS(I’)Z GM,U( r : _é bottom \/ R@
® R@ X 2 2 R@ sz@) 2
_______________________________________________________________ 1 |(r=R.)-escape velocity:
Forcef0r|x|21: sy Fs () = Gi\;l u F0rcef0r|x|<1 . ( @) p m y
Force_i =GM‘L[ Force GM‘LL 1 Force: _x kaS( ) — R3‘LL 7 v ' — \/2G _@
2 2 — @ escape
* Ke Rgzg x° 11.1km/sec R@




609°

© The|“Three (equal) steps from Hell”

// su!rface gravity: g=-G
o \

Dissociation threshold : PE=0

MG—)
R2

S

O-orbit energy: £, =+G

©-orbit speed: v, =, [G—2 BNg

2Ry gy
,,‘.. +

6'

o < ‘év'

- == AT T L L L L L L L

NP Surface level |PE=-G

My

(r =R, )-orbit angularffrequency: -
M M
2@) = 0,=, |G 3@
R
S S

w:R.=G

syrface escape speed: v,= \/ 26—=

1

KIE = PE relation: Emvi:G

M

syrface potential: PE= -G —=

S

M

R@
mM g

®



609°

“Three (equal) steps from Hell”

su!rface gravity: g=-G 2

Dissociation threshold : PE=0

O-orbit energy: £, =+G

O-orbit speed: v, =

(r =R, )-orbit angularffrequency: -
M M
Lo w=,[G—

2 R3
@ @ '
(r=R)-orbit frequency:

1 G My, 1 |g

°““or\ R 2m\R.

w:R.=G

U

2R T
,,‘.. e

o O VY

008 O

A=\ A . A . L L L LT

NP Surface level | PE= —G%

\ M
syrface potential: PE= -G —=
S
syrface escape speed: v, =, |2G—=
RG-)
1 mM

KIE = PE relation: Emvi:G

®




609°

surface gravity: g =—G—;
<o o
A Dissociation threshold : PE=0

“Three (equal) steps from Hell”
MG—)

O-orbit energy: £, =+G

©-orbit speed: v, =, |G

(r =R, )-orbit angularffrequency: -
M
2 =0, G2
R
S S
(r=R)-orbit frequency:

1 M 1
V=—",|G—2= 5
27 Ry, 2@\ R,

(r=R)-orbit period:
R@

R; =27, |[—

M G g
= 5062 sec = 84 .4 min

w:R.=G

V,=2T

. 22 % »
%
$
~ B —D Sy 9
T 13 \.J

- == AT T L L L L L L L

-ZR- 1)
s O
X
NP Surface level |PE= —G%

\ M
syrface potential: PE= -G —=
S
syrface escape speed: v, =, |2G—=
RG-)
® 1 mM

KIE = PE relation: Emvi:G

®




%

o ¢
Suppose Earth radiusccrushed to 1/2: (R-=6.4-10om crushed to R-/2=3.2-10°m )
o

All formulas
o O o © /j \ identical to
& ones derived

T
o onp.63to78.
\Q Imagine
\{} | reducing
\Q R@ o R@/ 2
O — Orbit level : PE=—-G ZK@ e 05 M
© 2 times O-orbit energy: E, =—-G —=
2R,
A\_ A - _/_Z I M
R y J2 times O-orbit speed: v, = GR—@
\\ // @
7 X Crushed Earth , , M,
1/2 radius 2 times the surface potential: PE= —G—R
8 times as dense \ / °
. . 2M
1/8 focal distance or A \/2 times surface escape speed: v = |G=—2
8 minimum radius of curvature R,
8 times maximum curvature
N 4 times the surface gravity: g = —GR—f
Ny / @
v/




Geometry of idealized “Sophomore-physics Earth”™

Coulomb field outside Isotropic Harmonic Oscillator (IHO) field inside
Contact-geometry of potential curve(s)
“Crushed-Earth” models: 3 key energy “steps” and 4 key energy “levels”
Earth matter vs nuclear matter:
9

Introducing the “neutron starlet” and “Black-Hole-Earth”



Examples of “crushed” matter

Earth matter Earthmass: M, =59722 x 10*kg.=6.0-10*kg. Densitype =7 ?
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (47 /3)R,> = 4-260-10" ~10*'m’

(6.4)3~262 and (47/3)260=1098~103
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Earth matter Earthmass: M. =59722 x 10*kg.=6.0-10* kg. [Density po~ 6.0- 102421 ~6- ] 03ka/m?3
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Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (47 /3)R. = 4-260-10"° ~10*'m’

(6.4)3~262 and (47/3)260=1089~103
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Examples of “crushed” matter Po= GalmR. <

Earth matter Earthmass: M. =59722 x 10*kg.=6.0-10* kg. [Density po~ 6.0- 102421 ~6- ] 03ka/m?3
® y g
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (47 /3)R. = 4-260-10"° ~10*'m’

(6.4)3~262 and (47/3)260=1089~103

Density of solid Fe=7.9-103kg/m3
Density of liquid Fe=6.9-103kg/m3
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Earth matter Earthmass: M. =59722 x 10*kg.=6.0-10* kg. [Density po~ 6.0- 102421 ~6- ] 03ka/m?3
® y g
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (47 /3)R. = 4-260-10"° ~10*'m’

Nuclear matter Nucleon mass =1.67-1027kg.~ 2-10-27kg. ("fingertip physics”)
Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a mass 2-10-?7kg.
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Earth matter Earthmass: M. =59722 x 10*kg.=6.0-10* kg. [Density po~ 6.0- 102421 ~6- ] 03ka/m?3
® y g
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (47 /3)R. = 4-260-10"° ~10*'m’

Nuclear matter Nucleon mass =1.67-1027kg.~ 2-10-27kg. ("fingertip physics”)

Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a mass 2-10-?7kg.
\
That’s 100-10-27=10-?5 kg packed into a volume of 47/3r3= /3 (3-10-1°)3 m3 or about 10-%3 m3.

[4732=36m=113~10?]10-45
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Earth matter Earthmass: M. =59722 x 10*kg.=6.0-10* kg. [Density po~ 6.0- 102421 ~6- ] 03ka/m?3
® y g
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (47 /3)R. = 4-260-10"° ~10*'m’

Nuclear matter Nucleon mass =1.67-1027kg.~ 2-10-27kg. ("fingertip physics”)

Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a mass 2-10-?7kg.
\
That’s 100-10-27=10-?5 kg packed into a volume of 47/3r3= /3 (3-10-1°)3 m3 or about 10-%3 m3.
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Nuclear density 1s 10-2+43 = [(18kg /m3 or a trillion (10!?) kilograms 1n a fingertip(1cm)3.
(1cm)3=(10-?m)3=10-m?3
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Examples of “crushed” matter Po= GalmR. <

Earth matter Earthmass: M, =59722 x 10*kg.= 6.0-10* kg. @ensity Par~ 6.0+ 1024-21 ~6-103kg/m3)
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (47 /3)R. = 4-260-10"° ~10*'m’

Nuclear matter Nucleon mass =1.67-1027kg.~ 2-10-27kg. ("fingertip physics”)

Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a mass 2-10-?7kg.
- ——
That’s 100-10-27=10-?3 kg packed into a volume of 4=/3r3= 47/3 (3-10-1°)3 m3 or about 10-%3 m3.
[4732=36m=113~102]10-45
Nuclear density 1s 10-2+43 = [(18kg /m3 or a trillion (10!?) kilograms 1n a fingertip(1cm)3.
, (1cm)3=(10-?m)3=10-m?3
Earth radius crushed by a factor of 0.5-70- tor . =300m would approach neutron-star density.




Geometry and algebra of idealized “Sophomore-physics Earth” fields

Coulomb field outside Isotropic Harmonic Oscillator (IHO) field inside
Contact-geometry of potential curve(s) and “kite” geometry
“Ordinary-Earth” models: 3 key energy “steps’ and 4 key energy “levels”
“Crushed-Earth” models: 3 key energy “steps” and 4 key energy “levels”
Earth matter vs nuclear matter:
=3 [ntroducing the “neutron starlet”

Fantasizing a “Black-Hole-Earth”
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Examples of “crushed’” matter Po= iR

Earth matter Earthmass: M, =59722 x 10*kg.= 6.0-10* kg. Density Do~ 6.0 102421 ~6- 1 03kg/m3
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (47 /3)R. = 4-260-10"° ~10*'m’

Nuclear matter Nucleon mass =1.67-102"kg.~ 2-10-?7kg.

Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a mass 2-10-?7kg.
\
That’s 100-10-27=10-?5 kg packed into a volume of 47/3r3= /3 (3-10-1°)3 m3 or about 10-%3 m3.
[4732=367=113~102]10-5
Nuclear density 1s 10-25+43 = [018kg /m3 or a trillion (10!?) kilograms 1n the size of a fingertip.

Earth radius crushed by a factor of 0.5-70- tor . =300m would approach neutron-star density.

[ntmducing the “Neutron starlet” 1 cms of nuclear matter: mass= 1012 kg.
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Coulomb field outside Isotropic Harmonic Oscillator (IHO) field inside
Contact-geometry of potential curve(s) and “kite” geometry
“Ordinary-Earth” models: 3 key energy “steps’ and 4 key energy “levels”
“Crushed-Earth” models: 3 key energy “steps” and 4 key energy “levels”
Earth matter vs nuclear matter:
Introducing the “neutron starlet”
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Examples of “crushed” matter

Earth matter Earthmass M, =59722 x 10*kg.=6.0-10*kg. Density Pe~ 6.0 1024-21 ~6- 1 03kg/m?3
Earthradius : R, = 6.371-10°m = 6.4-10°m Earthvolume : (47 /3)R. = 4-260-10" ~10*'m’

Nuclear matter Nucleon mass =1.67-102"kg.~ 2-10-?7kg.

Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a mass 2-10-?7kg.
\
That’s 100-10-27=10-?5 kg packed into a volume of 47/3r3= /3 (3-10-1°)3 m3 or about 10-%3 m3.
[4732=367=113~102]10-5
Nuclear density 1s 10-25+43 = [018kg /m3 or a trillion (10!?) kilograms 1n the size of a fingertip.

Earth radius crushed by a factor of 0.5- 10 to R ,. =300m would approach neutron-star density.

crush®

[ntmducing the “Neutron starlet” 1 cms of nuclear matter: mass= 1012 kg.

Fantasizing the “Black Hole Earth” Suppose Earth is crushed so that its

surface escape velocity is the speed of light ¢ = 3.0-108m/5s.
Vescape :\/ (2 GM/R@) Uncrushed Earthradius: R =6.371- 10°m=6.4-10m

Earthmass : M. =5.9722 x 10" kg.=6.0-10" kg.

( from p. 67,..,82 )
G=6.673-10-11Nm?/C?
~(2/3)10-10
( from p. 60)



€€ ) — M
Examples of “crushed” matter Po= GalmR. <

Earth matter Earthmass: M, =59722 x 10*kg.= 6.0-10* kg. Density Por 6.0+ 102421 ~6-103kg/m3>
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (47 /3)R. = 4-260-10"° ~10*'m’

Nuclear matter Nucleon mass =1.67-1027kg.~ 2-10-27kg. ("fingertip physics”)
Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a mass 2-10-?7kg.
\
That’s 100-10-27=10-?5 kg packed into a volume of 47/3r3= /3 (3-10-1°)3 m3 or about 10-%3 m3.
[4732=367=113~102]10-5
Nuclear density 1s 10-25+43 = [018kg /m3 or a trillion (10!?) kilograms 1n the size of a fingertip.

Earth radius crushed by a factor of 0.5-7/0- to R . =300m would approach neutron-star density.

Introducing the “Neutron starlet” 1 ecm3 of nuclear matter: mass= 1012 kg.

Fantasizing the “Black Hole Earth” Suppose Earth is crushed so that its

surface escape velocity is the speed of light ¢ = 3.0-10%m/s. ~3-10%m/s
Vescape :\/ (2 GM/R@) / Uncrushed Earthradius: R =6.371- 10°m=6.4-10°m
(from p. 67,..,82) ‘ :WEarth mass: M, =59722 x 10*kg.=6.0-10* kg.
oo e Re = 2GM/c2=22/10-196:1024/(9-1016)= /o1 0-2=8.9mm ~I e

~(2/3)10-10
(from p. 60) (Then Earth would be fingertip size!)



—>» [ntroducing 2D IHO orbits and phasor geometry

Phasor “clock” geometry
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v(t)] are
first. They apply

as well to d

[X(O and Vv

given

imensions

[y(t) and vy%=v(t)] and

[z(t) and v:

v(t)] in the

ideal isotropic case.




Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (b)
Unit 1
LH.O. Force law Fig. 9.10
F =-x (1-Dimension)
F =-r (2 or 3-Dimensions)
S | 1-D 2-D or 3-D
Each dimension x, y, or z obeys the following: : 0 (Paths are always 2-D
Total E=KE+ PE =—mv> +U(x)=—mv’> +—kx” = const. cllipses if viewed
: : 2 2 2 right!)
Equations for x-motion ) )
[x(1) c;'fd ;’X;Z (1] ar el | my’ . kx’ v Jox
given first. They apply = =
as well to dimensions 2E  2E v 2E /m \ 2E /k
[y(t) and vy=v(1)] gnd v ki Another example of
[z(t) and v:=v(¥)] in the = 4+ — (C089)2 + (sin 9)2 the old “scale-a-circle”
ideal isotropic case. 2F 2F trick...
velocity: position:

Let: (1) v=42E/mcosO, and: (2) x=+/2E/ksinf



Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (b)
Unit 1
LH.O. Forcelaw [ O F | Fig. 9.10
F=-x (1-Dimension) W
F =-r (2 or 3-Dimensions)
S | 1-D 2-D or 3-D
Each dimension x, y, or z obeys the following: : 0 (Paths are always 2-D
Total E=KE+ PE =—mv> +U(x)=—mv’> +—kx” = const. cllipses if viewed
| . 2 2" T right)
Equations for x-motion ) )
[x(1) c;'fd :X;Z (1] ar el | my’ . kx’ v Jox
given first. They apply = =
as well to dimensions 2E  2E v 2E /m Y, 2E [k
[y(t) and vy=v(1)] gnd v ki Another example of
[z(t) and v:=v(¥)] in the = 4+ — (C089)2 + (sin 9)2 the old “scale-a-circle”
ideal isotropic case. 2F 2F trick...
velocity: position: angular velocity:  jp

Let: (1) v=4/2E/mcosB, and: (2) x=+/2E /ksinf def. (3) a):E



Isotropic Harmonic Oscillator phase dynamics in uniform-body

(a) (b)
Unit 1
LH.O. Forcelaw [ O F | Fig. 9.10
F=-x (1-Dimension) W
F =-r (2 or 3-Dimensions)
o | 1-D 2-D or 3-D
Each dimension x, y, or z obeys the following: : 0 (Paths are always 2-D
Total E= KE + PE=—mv’> +U(x)=—mv’ +—kx’ = const. ellipses if viewed
. . 2 2 T right)
Equations for x-motion ) )
[x(1) c;'fd :X;Z (1] ar el | my’ . kx’ v Jox
given first. They apply = =
as well to dimensions 2E  2F 2, 2E /m 2, 2E /k
[y(t) and vy=v(t)] and 2 2 Another example of
: mv.  kx > 2
[z(t) and v:=v(¥)] in the = 4+ — (COSQ) + (sin 9) the old “scale-a-circle”
ideal isotropic case. 2F 2F trick. .
velocity: position: angular velocity:  jp
Let: (1) v=42E/mcosO, and: (2) x=+/2E/ksinf def. (3) CO:z
(" )
/2E dx
—cos0 = v=d—
™o |
\_ J




Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (D)

Unit 1
L.H.O. Force law Fig. 9.10
F =-x (1-Dimension)
F =-r (2 or 3-Dimensions)
S | 1-D 2-D or 3-D
Each dimension x, y, or z obeys the following: : 0 (Paths are always 2-D
Total E = KE+ PE =—mv> +U(x)=—mv’ + —kx” = const. ellipses if viewed
. . 9 9 9 right!)
Equations for x-motion ) )
[x(1) c;'fd :X;Z (1] ar el | my’ . kx’ v Jox
given first. They apply = =
as well to dimensions 2E  2F v 2E /m 2, 2E /k
[y(t) and vy=v(1)] gnd v ki Another example of
[z(t) and v:=v(t)] in the | — 4+ — (C089)2 + (sin 9)2 the old “scale-a-circle”
ideal isotropic case. 2F 2F trick...
velocity: position: angular velocity:  jp
Let: (1) v=4/2E/mcosB, and: (2) x=+/2E /ksinf def. (3) CO:z
(" )
2F dx dO dx
—0089:v=d = . 40
™o |
\_ J




Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (D)

Unit 1
LH.O. Forcelaw [ O F | Fig. 9.10
F =-x (1-Dimension)
F =-r (2 or 3-Dimensions)
S | 1-D 2-D or 3-D
Each dimension x, y, or z obeys the following: : 0 (Paths are always 2-D
Total E= KE + PE=—mv’> +U(x)=—mv’ +—kx’ = const. ellipses if viewed
. . 9 9 9 right!)
Equations for x-motion ) )
[x(1) c;'fd :X;Z (1] ar el | my’ . kx’ v Jox
given first. They apply = =
as well to dimensions 2E  2F v 2E /m 2, 2E /k
[y(t) and vy=v(1)] qnd v ki Another example of
[z(t) and v:=v(t)] in the | — 4+ — (C089)2 + (sin 9)2 the old “scale-a-circle”
ideal isotropic case. 2F 2F trick...
velocity: position: angular velocity:  jp
Let: (1) v=4/2E/mcosB, and: (2) x=+/2E /ksinf def. (3) CO:J
(" )
2F dx dO dx dx
S T a0 ae
™o | ,
y def. (3)
\_ J




Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (D)

Unit 1
LH.O. Forcelaw [ O F | Fig. 9.10
F =-x (1-Dimension)
F =-r (2 or 3-Dimensions)
S | 1-D 2-D or 3-D
Each dimension x, y, or z obeys the following: : 0 (Paths are always 2-D
Total E= KE + PE=—mv’> +U(x)=—mv’ +—kx’ = const. ellipses if viewed
. . 2 2 T right)
Equations for x-motion ) )
[x(1) c;'fd :X;Z (1] ar el | my’ . kx’ v Jox
given first. They apply = =
as well to dimensions 2E  2F v 2E /m 2, 2E /k
[y(t) and vy=v(t)] and 2 2 Another example of
: mv-  kx > 2
[z(t) and v:=v(t)] in the | — 4+ — (COSH) + (sin 9) the old “scale-a-circle”
ideal isotropic case. 2F 2F trick...
velocity: position: angular velocity:  jp
Let: (1) v=4/2E/mcosB, and: (2) x=+/2E /ksinf def. (3) CO=E
(" )
2F dx dO dx dx 2F
— €080 =y=—= =W —=0,|— cosB
m dt dt do | db k
| o |
: bydet 3 | | o) |




Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (D)

Unait 1
L.H.O. Force law Fig. 9.10
F=-x (1-Dimension) W
F =-r (2 or 3-Dimensions)
S | 1-D 2-D or 3-D
Each dimension x, y, or z obeys the following: : 0 (Paths are always 2-D
Total E= KE + PE=—mv’> +U(x)=—mv’ +—kx’ = const. ellipses if viewed
: : 2 2 2 right!)
Equations for x-motion ) )
[x(1) c;'fd :X;Z (1] ar el | my’ . kx’ v Jox
given first. They apply = =
as well to dimensions 2E  2F v 2E /m v 2E /k
[y(t) and vy=v(t)] and 2 2 Another example of
: mv-  kx > 2
[z(t) and v:=v(t)] in the | — 4+ — (COSQ) + (sin 9) the old “scale-a-circle”
ideal isotropic case. 2F 2F trick. .
do
Let: (1) v=42E/mcosO, and: (2) x=+/2E/ksinf def. (3) CO:J
(" )
(" ) by def. (3)
/2E dx dO dx dx /2E
—cosf=v=—= =0 —=w,|— cosB w:d_é?
m dt dt do | db k dt
| o |
: bydet 3 | | o) |




Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (D)

Unit 1
LH.O. Forcelaw [ O F | Fig. 9.10
F =-x (1-Dimension)
F =-r (2 or 3-Dimensions)
o | 1-D 2-D or 3-D
Each dimension x, y, or z obeys the following: : 0 (Paths are always 2-D
Total E= KE + PE=—mv’> +U(x)=—mv’ +—kx’ = const. ellipses if viewed
. . 9 9 9 right!)
Equations for x-motion ) )
[x(1) c;'fd :X;Z (1] ar el | my’ . kx’ v Jox
given first. They apply = =
as well to dimensions 2E  2F v 2E /m 2, 2E /k
[y(t) and vy=v(1)] qnd v ki Another example of
[z(t) and v:=v(t)] in the | — 4+ — (COSQ)2 + (sin 9)2 the old “scale-a-circle”
ideal isotropic case. 2F 2F trick...
do
Let: (1) v=4/2E/mcosB, and: (2) x=+/2E /ksinf def. (3) CO=E
é )

- N bydef ) \/ﬁ divze (1)
—— COS
,/Z—Ecosé?:v=dx—d9dx— dx w,/z—Ecose Ao _ N m
m

dt dt do | db k di  [2E
3 o | ‘ ydet 3 | | v | ) ~—cosb

. k by (2) derivative




Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (D)

Unit 1
LH.O. Forcelaw [ O F | Fig. 9.10
F =-x (1-Dimension)
F =-r (2 or 3-Dimensions)
o | 1-D 2-D or 3-D
Each dimension x, y, or z obeys the following: : 0 (Paths are always 2-D
Total E= KE + PE=—mv’> +U(x)=—mv’ +—kx’ = const. ellipses if viewed
. . 9 9 9 right!)
Equations for x-motion ) )
[x(1) c;'fd :X;Z (1] ar el | my’ . kx’ v Jox
given first. They apply = =
as well to dimensions 2E  2F v 2E /m 2, 2E /k
[y(t) and vy=v(1)] qnd v ki Another example of
[z(t) and v:=v(t)] in the | — 4+ — (COSQ)2 + (sin 9)2 the old “scale-a-circle”
ideal isotropic case. 2F 2F trick...
do
Let: (1) v=4/2E /mcosO, and: (2) x— 2E/k sin6 def-(3) CO=E

r ~ by def (3) 'F divide (1)
2F dx dO dx dx 2FE - COSO
—Ccosf =y=—= =) —=m,|— cosB

m dt

| b | dt dt do do k
3 . ‘bydef.(3) | v | ) —COSQ

by (2) d t
Vv (2) deriva lve)




Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (D)

Unit 1
LH.O. Forcelaw [ O F | Fig. 9.10
F =-x (1-Dimension)
F =-r (2 or 3-Dimensions)
o | 1-D 2-D or 3-D
Each dimension x, y, or z obeys the following: : 0 (Paths are always 2-D
Total E= KE + PE=—mv’> +U(x)=—mv’ +—kx’ = const. ellipses if viewed
. . 9 9 9 right!)
Equations for x-motion ) )
[x(1) c;'fd :X;Z (1] ar el | my’ . kx’ v Jox
given first. They apply = =
as well to dimensions 2E  2F v 2E /m 2, 2E /k
[y(t) and vy=v(1)] qnd v ki Another example of
[z(t) and v:=v(t)] in the | — 4+ — (COSQ)2 + (sin 9)2 the old “scale-a-circle”
ideal isotropic case. 2F 2F trick...
do
Let: (1) v=4/2E/mcosB, and: (2) x=+/2E /ksinf def. 3) () =—

dt

(" ([ bydef (3) ™\ (by integration given constant ®:\

2F dx dO dx dx 2F do k

— cosf =v=—= =w—=m,/—cos K w=—-=,— O=|odi=wit+a
o | dt dt do | db k dt m

by def. (3 by (2
5 vt 3 | | @ | JL JAR )




Introducing 2D IHQO orbits and phasor geometry

Phasor “clock” geometry
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Lsotropic Harmonic Oscinaor makes tunneling ball track orbiting ball



Lsotropic Harmonie Oscinaror makes balls in parallel tunnel track each other

o




Lsowopic Harmonie Oseiaror makes balls in parallel tunnels track each other...

...even if track length is just g =Im so d~(1/12)micron

They all take about 84 minutes to go from right to left and back, again.



Lsowopic Harmonie Oseiaror makes balls in parallel tunnels track each other...

...even if track length is just g =Im so d=(1/12)micron

The all take about 84 minutes to go from right to left and back, again.

Most neutron starlet ( L=< )orbits are centered ellipses



Isotropic Harmonic Oscillator phase dynamics in uniform-body

0 x-velocity v,/m

(a) 1-D Oscillator Phasor Plot -1 — |
-2
velocity|v,/o < \ 2
N 3 / 3
/ \t position \\ >( Unit 1
QOf J 4 4 x-position Fig. 9.10
Phasor goes \/ - 7& /
clockwise b ™S 5 clockwise
by angle 0t \/ ~ \/ orbit
ol | -6 6 if x is behmd y
(b) 2-D Oscillator Phasor Plot (JZ };l h'aile 45 \ /7/
] .. enin - Q )
y pgsztzon the y-Phase) (1.B) (214) Left %
3 0 O 3.5 handed
N 7 10|35
' / \\o Q } _ 0(4,6)\ /
VAN VAN | /
- . ? ~ 9(5.7)
y-velocily/ o 4 o | counter-clockwise

NS TN/~ | &7 /lght_
\/ o1 O(8,-6) /" handed

RelaWavity web simulation -
Contact ellipsometry

Introduction to Phasors at our Pirelli Relativity Site
BoxIt web simulation - With y-Phasor is on other side of xy plot



https://pirelli.hosted.uark.edu/html/phasors_single_anim.html
https://modphys.hosted.uark.edu/markup/BoxItWeb.html?AU2=1.0&BU2=0.0&CU2=0.0&DU2=1.0&xInitial=0.707107&yInitial=0.707107&pxInitial=0.353553&pyInitial=-0.353553&wantBoxLines=1&wantPELevels=0&timeMax=30.0&wantStokes=0&wantPhasorsModal=0&wantBallsNItsPhi2=0
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=1%7C2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=1%7C2

(a) Phasor Plots

for
2-D Oscillator

or

Two 1D Oscillators -
(x-Phase 90° behind
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These are more generic examples
with radius of x-phasor differing
from that of the y-phasor.

RelaWavity web simulation - Contact ellipsometry (User Mouse Input allowed for setting phasor values)



http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=1%7C2

AMORP r ef erence links (Updated list given on 214 and 37 pages of each class presentation)

Web Resources - front page Quantum Theory for the Computer Age 2014 AMOP
UAF Physics UTube channel Principles of Symmetry, Dynamics, and Spectroscopy 2017 Group Theory for OM
Classical Mechanics with a Bang! 2018 AMOP

Modern Physics and its Classical Foundations

Representaions Of Multidimensional Symmetries In Networks - harter-imp-1973
Alternative Basis for the Theory of Complex Spectra

Alternative Basis_for _the Theory of Complex Spectra | - harter-pra-1973

Alternative Basis for the Theory of Complex Spectra Il - harter-patterson-pra-1976
Alternative_Basis_for_the Theory of Complex_Spectra_lll_-_patterson-harter-pra-1977

Frame Transformation Relations And Multipole Transitions In Symmetric Polyatomic Molecules - RMP-1978
Asymptotic eigensolutions of fourth and sixth rank octahedral tensor operators - Harter-Patterson-dJMP-1979
Rotational energy surfaces and high- J eigenvalue structure of polyatomic molecules - Harter - Patterson - 1984

Galloping waves and their relativistic properties - ajp-1985-Harter
Rovibrational Spectral Fine Structure Of Icosahedral Molecules - Cpl 1986 (Alt Scan)

Theory of hyperfine and superfine levels in symmetric polyatomic molecules.
l) Trigonal and tetrahedral molecules: Elementary spin-1/2 cases in vibronic ground states - PRA-1979-Harter-Patterson (Alt scan)
ll) Elementary cases in octahedral hexafluoride molecules - Harter-PRA-1981 (Alt scan)

Rotation-vibration spectra of icosahedral molecules.

) lcosahedral symmetry analysis and fine structure - harter-weeks-jcp-1989 (Alt scan)
ll) Icosahedral symmetry, vibrational eigenfrequencies, and normal modes of buckminsterfullerene - weeks-harter-jcp-1989 (Alt scan)
l1) Half-integral angular momentum - harter-reimer-jcp-1991
Rotation-vibration scalar coupling zeta coefficients and spectroscopic band shapes of buckminsterfullerene - Weeks-Harter-CPL-1991 (Alt scan)
Nuclear spin weights and gas phase spectral structure of 12C60 and 13C60 buckminsterfullerene -Harter-Reimer-Cpl-1992 - (Alt1, Alt2 Erratum)
Gas Phase Level Structure of C60 Buckyball and Derivatives Exhibiting Broken Icosahedral Symmetry - reimer-diss-1996
Fullerene symmetry reduction and rotational level fine structure/ the Buckyball isotopomer 12C 13C59 - jcp-Reimer-Harter-1997 (HiRez)
Wave Node Dynamics and Revival Symmetry in Quantum Rotors - harter - jms - 2001
Molecular Symmetry and Dynamics - Ch32-Springer Handbooks of Atomic, Molecular, and Optical Physics - Harter-2006

Resonance and Revivals

Resonance and Revivals in Quantum Rotors - Comparing Half-integer Spin and Integer Spin - Alva-ISMS-0hio2013-R777 (Talk

Molecular Eigensolution Symmetry Analysis and Fine Structure - IIMS-harter-mitchell-2013
Quantum Revivals of Morse Oscillators and Farey-Ford Geometry - Li-Harter-cpl-2013

QTCA Unit 10 Ch 30 - 2013
AMOP Ch 0 Space-Time Symmetry - 2019

*Index/Search is disabled - a web based A.M.O.P. oriented reference page, with thumbnail/previews, greater control over the information display,
hitps://modphys.hosted.uark.edu/markup/AMOP _References.html
and eventually full on Apache-SOLR Index and search for nuanced, whole-site content/metadata level searching.



https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Representations_of_multidimensional_symmetries_in_networks_-_jmp-Harter-1974.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Alternative_Basis_for_the_Theory_of_Complex_Spectra_I_-_harter-pra-1973.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Alternative_Basis_for_the_Theory_of_Complex_Spectra_II_-_harter-patterson-pra-1976.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Alternative_Basis_for_the_Theory_of_Complex_Spectra_III_-_patterson-harter-pra-1977.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Frame_transformation_relations_and_multipole_transitions_in_symmetric_polyatomic_molecules_-_Harter-Patterson-Paixao-RMP-1978.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Asymptotic%20eigensolutions%20of%20fourth%20and%20sixth%20rank%20octahedral%20tensor%20operators%20-Harter-Patterson-jmp-1979.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Rotational%20energy%20surfaces%20and%20high-%20J%20eigenvalue%20structure%20of%20polyatomic%20molecules%20-%20Harter%20-%20Patterson%20-%201984.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Galloping_waves_and_their_relativistic_properties_-_ajp-1985-harter.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Rovibrational%20Spectral%20Fine%20Structure%20Of%20Icosaiiedral%20Molecules%20-%20harter%20-%20weeks%20-%20cpl%20-%201986.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Rovibrational%20Spectral%20Fine%20Structure%20Of%20Icosaiiedral%20Molecules%20-%20scan%20-%20RovibeIcosCPL132p387-392(1986).pdf
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Unit 8 Ch. 24 p39. Unit 8 Ch. 25 p63.
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Unit 8 Ch. 24 p44.

Lande’ g-factor
Unit 8 Ch. 24 p26.
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