Relawavity : a novel introduction to relativistic mechanics 111
(CMwBang! Unit 8 , AMOP Ch.0, )

Review: Relawavity p functions and plots vs. p
Derive relawavity parameters and Minkowski coordinates for vp=2.5THz and v,=0.5THz

Derivation of relativistic quantum mechanics
What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations
Poincare’ and Hamilton-Jacobi equations

Relativistic optical transitions and Compton recoil formulae
Feynman diagram geometry
Compton recoil related to rocket velocity formula

Comparing 2nd-quantization “photon” number N and Ist-quantization wavenumber x

Relawavity 1in accelerated frames
Laser up-tuning by Alice and down-tuning by Carla makes g-acceleration grid
Analysis of constant-g grid compared to zero-g Minkowsi grid
Animation of mechanics and metrology of constant-g grid


https://modphys.hosted.uark.edu/pdfs/CMwBang_Pdfs/CMwBang_Text_2012/CMwBang_Unit_8_2012.pdf#page=1
https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/QTCA_Text_2013/AMOP_Ch_0_SpaceTimeSymm.pdf

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 #28-30

In reverse order

AMOP Chapter 0: Space-Time Symmetry
AMOP Detailed Development of RelaWavity

2018 Rochester Talk (Auxilary Slides)
Special Relativity and Quantum Theory by Ruler and Compass - Earlier, expanded draft
Ruler & Compass - Relawavity Exercise

Relativity Visualized - Epstein-ip-1985 for sale here @www.allbookstores.com
Guidelt Web Simulations: ¢ = 30°, 6 = 60°

Pirelli Site - A Colorful Road to Relativity Using Occam's Razors and Evenson's Lasers
World of Clocks - Animations - 12 hr. clock, 24 hr. clock
Phasor vs Thales(Pirelli Challenge) - phasors 2 3 zoom_anim.html

Relativit Web Simulations

Relativistic Events in Main Lighthouse’s Space-Time Frame - scenario=22

Relativistic Events in Ship’s Space-Time Frame - scenario=24
Epstein plot - scenario=600

BohrIt Web Simulations
2 CW ctvs x Plot (ck = £2) - scenario=-130022
Multi-Panel 2 PW ct vs x Plot - scenario=30022
1 CW ctvs x Plot (ck = -1) - scenario=-30001
1 CW ct vs x Plot (ck = +4) - scenario=30004
2 CW Minkowski Plot (ck =-1, +4) - scenario=-30104

CMwBang Text 2012 Unit 6 page=5

Bouncelt Web App/Scenarios: 5002, 5003

Coullt Web App/Scenarios:
TwoParticleCollision LToR, TwoParticleCollision LToR CM, TwoParticleOrbit Coulomb,
TwoParticleOrbit Coulomb_CM, TwoParticleOrbit Hooke, TwoParticleOrbit Hooke CM

In development, but close to role out.

RelaWavity Web Simulations

2019 RelaWavity Portal Page
Relations between Hypergeometric and Hypergeometric functions - plotType=0,9& ...
RelaWavity Web Simulation {Physical Terms - All Terms} - plotType=4,8

Keyboard of the Gods
Per-Time vs Per-Space - plotType=7,1
Dual Plot #1 - plotType=7,2&bcStepInd=1
Dual Plot #2 - plotType=7,2&bcSteplnd=2
Dual Plot #3 - plotType=7,2&bcStepInd=3
Dual Plot #7 - plotType=7,2&bcSteplnd=7

16 Relativity Dimensions - plotType=38,4

Relativistic Terms (Expanded Table) - plotType=38,5

Minkowski graph (Multi-plot) - plotType=38,8

Detailed Thales Geometry - plotType=3,6

PerSpace - PerTime {All} - plotType=3,6&minkGridPosCells=0
Expanded Relativistic Relations - plotType=8,7

Wavefronts in Space-Space - plotType=6,1

Spectral Ellipse {PerSpace-PerSpace} {f =u/c =1/3} - plotType=6,3&...
Spectral Ellipse {B =u/c =3/4} - plotType=6,3% ...

Select, exciting, and/or related Research

Singular Motion of Asymetric Rotators AJP 44, 11 p1080 Harter-Kim-1976
Molecular Eigensolution Symmetry Analysis and Fine Structure - Harter-1IJMS-2013
Lenz Vector and Orbital Analog Computers - AJP 44 p348 1976

Some Geometric Aspects of Classical Coulomb Scattering AJP 40 4 p1852 1972
How Molecules do Self-NMR - Harter-Mitchell-Columbus-2009

Classical Mechanics with a Bang! - Asymmetric Top Demo

Allbookstores.com - Compare for Heller's SemiClassical Way - 0691163731

"My Bomerang Won't Come Back" (YouTube: Playlist)

Rotating Solid Bodies in Microgravity (YouTube)

Dancing T-handle in zero-g (YouTube)

More Advanced QM and classical references will soon be available through our: References Page )
Would be great to have our Apache SOLR Search & Index system up for a bigger Bang!) Contmuedf or 4 more pages



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
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Singular_Motion_of_Asymetric%20Rotators_-_AJP_44p1080.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Int.J.MolSci1.4.13.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Lenz_Vector_and_Orbital_Analog_Computers_-_AJP_44_p348_1976.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Some_Geometric_Aspects_of_Classical_Coulomb_Scattering_-_AJP_40p1852.pdf
https://modphys.hosted.uark.edu/pdfs/Talk_Pdfs/Columbus_2009.pdf
https://youtu.be/HWjGvCaqx5g
https://www.allbookstores.com/book/compare/0691163731
https://www.youtube.com/playlist?list=PLGwmGldCxzLxbPlFVG8Z89WZIBuT4m0Ii
https://www.youtube.com/watch?v=BPMjcN-sBJ4
https://youtu.be/1n-HMSCDYtM
https://modphys.hosted.uark.edu/markup/CMwBang_Refs_2019.html
http://lucene.apache.org/solr/
https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/QTCA_Text_2013/AMOP_Ch_0_SpaceTimeSymm.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/SRQM_Relawavity_by_RNC_via_TeX.pdf
https://modphys.hosted.uark.edu/pdfs/Talk_Pdfs/Rochester_Auxilary_Slides.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/SRQM.pdf
https://modphys.hosted.uark.edu/pdfs/CMwBang_Pdfs/CMwBang_Lectures_2018/RulerNCompassRelawavityExercise.pdf
http://www.allbookstores.com/book/compare/9780935218053
https://modphys.hosted.uark.edu/markup/GuideItWeb.html?scenario=260
https://modphys.hosted.uark.edu/markup/GuideItWeb.html?scenario=230
https://pirelli.hosted.uark.edu/html/title_page.html
https://pirelli.hosted.uark.edu/html/clocks_12_hr.html
https://pirelli.hosted.uark.edu/html/clocks_24_hr_QT.html
https://pirelli.hosted.uark.edu/html/phasors_2_3_zoom_anim.html
https://modphys.hosted.uark.edu/markup/RelativItWeb.html?scenario=22
https://modphys.hosted.uark.edu/markup/RelativItWeb.html?scenario=24
https://modphys.hosted.uark.edu/markup/RelativItWeb.html?scenario=600
https://modphys.hosted.uark.edu/markup/BohrItWeb.html?scenario=-130022
https://modphys.hosted.uark.edu/markup/BohrItWeb.html?scenario=30022
https://modphys.hosted.uark.edu/markup/BohrItWeb.html?scenario=-30001
https://modphys.hosted.uark.edu/markup/BohrItWeb.html?scenario=30004
https://modphys.hosted.uark.edu/markup/BohrItWeb.html?scenario=-30104
https://modphys.hosted.uark.edu/markup/RelaWavityPortal.html
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=0,9&taLinesInd=2&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0&labelingInd=3
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=4,8
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=7,1
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=7,2&bcStepInd=1
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=7,2&bcStepInd=2
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=7,2&bcStepInd=3
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=7,2&bcStepInd=7
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=8,4
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=8,5
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=8,8
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=3,6
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=3,6&minkGridPosCells=0
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=8,7
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=6,1
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=6,3&protractorInd=0&protractorVectorCnt=720&velocity=0.3333&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=2
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=6,3&protractorInd=0&protractorVectorCnt=720&velocity=0.75&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=3
https://modphys.hosted.uark.edu/pdfs/CMwBang_Pdfs/CMwBang_Text_2012/CMwBang_Unit_6_2012.pdf#page=5
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=5002
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=5003
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=TwoParticleCollision_LToR
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=TwoParticleCollision_LToR_CM
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=TwoParticleOrbit_Coulomb
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=TwoParticleOrbit_Coulomb_CM
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=TwoParticleOrbit_Hooke
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=TwoParticleOrbit_Hooke_CM

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 #22-27

Coullt Web App Simulations: p19, p32, p72, p73, p92, R=-0.375, R=+0.5, Rutherford

OscillatorPE Web App: IHO Scenario 2, Coulomb Scenario 3
RelaWavity Web App/Simulator/Calculator: Elliptical - IHO orbits

Jerklt Web App: 2-, 2+, Amp500megal47-, Amp500mega296, AmpS00mega602,
Gap(1)
MolVibes Web App: C3vN3
Wavelt Web App:
Dim = 3 w/Wave Components;
Static Char Table: 6, 12, 12(b), 16, 36, 256
Quantum Carpet with N=20: Gaussian, Boxcar
Quantum Revivals of Morse Oscillators and Farey-Ford Geometry - Li-Harter-
CPL-2015
QTCA Unit_5 Ch14 2013
Lester. R. Ford, Am. Math. Monthly 45.586(1938)
John Farey, Phil. Mag.(1816) Wolfram
Harter, J. Mol. Spec. 210, 166-182 (2001)
Harter, Li IMSS (2013)
Li, Harter, Chem.Phys.Letters (2015)
Advanced Atomic and Molecular Optical Physics 2018 Class #9, pages: 5, 61
BoxIt Web Simulations
Pure A-Type A=4.9, B=0 .C=0, & D=4.0
Pure B-Type: A=4.0, B=-0.2, C=0, & D=4.0
Pure C-Type A.D=4.055, B=0, C=0.1
Mixed AB-Type w/Cosine
Mixed AB Type A=4.0, BU2=0.866..., CU2=0, & D=1.0 w/Stokes & Freq rats
Mixed AB Type A=5.086 B=-0.27 C=0 D=2.024 w/Stokes plot
Mixed ABC Type A=4.833 B=0.2403 C=0.4162 D=4.277 w/Stokes plot
Recent mixed ABC Type A=0.325 B=0.375 C=0.825 D=0.05 w/Stokes plot

Select, exciting, and/or related Research
This Indestructible NASA Camera Revealed Hidden Patterns on Jupiter - seeker-yt-2019
What did NASA's New Horizons discover around Pluto? - Astrum-yt-2018

Synthetic_Chiral_Light for_ Efficient Control_of Chiral Light—Matter Interaction_-

In reverse order

Classical Mechanics with a Bang! 2018
Lectures 8, 9, 23 page 93
Text Unit 6, page=27

ColorU2 for the Web - in development

Group Theory for Quantum Mechanics - 2017 Lectures: 6, 7, 8,
and the combined 9-10
Quantum Theory for the Computer Age Unit 3 Ch.7-10, page=90
Spectral Decomposition with Repeated Eigenvalues - 2017 GTQM - Lecture 5

Web based 3D & XR (xe {A,M,V}, R=Reality) https://www.babylonjs.com/
Web based 3D graphics WebGL API (Graphics Layer modeled after OpenGL)

Recent In-House draft Articles:
Springer handbook on Molecular Symmetry and Dynamics - Ch_32 -

Molecular Symmetry

AMOP Ch 0 Space-Time Symmetry - 2019

Seminar at Rochester Institute of Optics, Auxiliary slides, June 19, 2018

_Ayvuso-np-2019

Quantum_Computing - (Current) State of the Art - Reimer-www-2019
Geometric Algebra- A Guided Tour through Space and Time - Reimer-
www-2019

Wildlife Monitoring Identification and Behavioral Study - Section 1 - Reimer-
www-2019

Wildlife Monitoring Identification and Behavioral Study - Section 2 - Reimer-
www-2019

Quantum Computing (QC) and Geometric Algebra (GA) references:

Quantum Supremacy Using a Programmable Superconducting Processor - Arute-n-201¢

Quantum Computing for Computer Scientists - Helwer-mr-yt-2018, Slides

Quantum Computing and Workforce, Curriculum, and App Devel - Roetteler-MS-2019

Quantum_Computing - (Current) State of the Art - Reimer-www-2019

Excerpts (Page 44-47 in Preliminary Draft) for a GA take on the Complex Numbers
Geometric Algebra- A Guided Tour through Space and Time - Reimer-www-2019
GA & QC references (Page 11-16 in Preliminary Draft)



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
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=p19
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=p32
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=p72
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=p73
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=p92
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=R-0.375
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=R+0.5
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=Rutherford
https://youtu.be/b6od7qM_LIg
https://youtu.be/6l4kr36TzQ4
https://modphys.hosted.uark.edu/ETC/MISC/Synthetic_Chiral_Light_for_Efficient_Control_of_Chiral_Light%E2%80%93Matter_Interaction_-_Ayuso-np-2019.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Synthetic_Chiral_Light_for_Efficient_Control_of_Chiral_Light%E2%80%93Matter_Interaction_-_Ayuso-np-2019.pdf
https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/QTCA_Text_2013/AMOP_Ch_32_MolSymm.pdf
https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/QTCA_Text_2013/AMOP_Ch_32_MolSymm.pdf
https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/QTCA_Text_2013/AMOP_Ch_0_SpaceTimeSymm.pdf
https://modphys.hosted.uark.edu/pdfs/Talk_Pdfs/Rochester_Auxilary_Slides.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Quantum_Computing_-_State_of_the_Art_-_Reimer-www-2019.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Geometric_Algebra-_A_Guided_Tour_through_Space_and_Time_-_Reimer-www-2019.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Geometric_Algebra-_A_Guided_Tour_through_Space_and_Time_-_Reimer-www-2019.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Wildlife_Monitoring_Identification_and_Behavioral_Study_1_Reimer-www-2019.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Wildlife_Monitoring_Identification_and_Behavioral_Study_1_Reimer-www-2019.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Wildlife_Monitoring_Identification_and_Behavioral_Study_2_Reimer-www-2019.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Wildlife_Monitoring_Identification_and_Behavioral_Study_2_Reimer-www-2019.pdf
https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/AMOP_Lectures_2018/AMOClass-9-2.12.18.pdf#page=5
https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/AMOP_Lectures_2018/AMOClass-9-2.12.18.pdf#page=61
https://modphys.hosted.uark.edu/markup/BoxItWeb.html?AU2=4.9&BU2=-0.0&CU2=0.0&DU2=4.0&xInitial=1.0&yInitial=1.0&pxInitial=0.0&pyInitial=0.0&wantBoxLines=0
https://modphys.hosted.uark.edu/markup/BoxItWeb.html?AU2=4.0&BU2=-0.2&CU2=0.0&DU2=4.0&xInitial=1.0&yInitial=0.0&pxInitial=0.0&pyInitial=0.0&wantBoxLines=0
https://modphys.hosted.uark.edu/markup/BoxItWeb.html?AU2=4.055&BU2=-0.0&CU2=0.1&DU2=4.055&xInitial=1.0&yInitial=0.0&pxInitial=0.0&pyInitial=0.0&wantBoxLines=0
https://modphys.hosted.uark.edu/markup/BoxItWeb.html?AU2=4.0&BU2=-0.2&CU2=0.0&DU2=4.0&xInitial=1.0&yInitial=0.0&pxInitial=0.0&pyInitial=0.0&wantBoxLines=0
https://modphys.hosted.uark.edu/markup/BoxItWeb.html?AU2=4.0&BU2=0.86602540378444&CU2=0.0&DU2=1.0&xInitial=1.0&yInitial=0.0&pxInitial=0.0&pyInitial=0.0&wantBoxLines=1&wantCosinePlot=0&wantRationalPrint=1&wantStokes=1
https://modphys.hosted.uark.edu/markup/BoxItWeb.html?AU2=5.086&BU2=-0.27&CU2=0.0&DU2=2.024&xInitial=1.0&yInitial=0.0&pxInitial=0.0&pyInitial=0.0&wantBoxLines=1&wantCosinePlot=0&wantRationalPrint=0&wantStokes=1
https://modphys.hosted.uark.edu/markup/BoxItWeb.html?AU2=4.833&BU2=0.2403&CU2=0.4162&DU2=4.277&xInitial=1.0&yInitial=0.0&pxInitial=0.0&pyInitial=0.0&wantBoxLines=1&wantCosinePlot=0&wantRationalPrint=0&wantStokes=1
https://modphys.hosted.uark.edu/markup/BoxItWeb.html?AU2=0.325&BU2=0.375&CU2=0.825&DU2=0.05&xInitial=0.204&yInitial=0.486&pxInitial=0.269&pyInitial=0.0&wantBoxLines=1&wantCosinePlot=0&wantRationalPrint=0&wantStokes=1
https://modphys.hosted.uark.edu/pdfs/CMwBang_Pdfs/CMwBang_Lectures_2018/CMwithBang_Lect.8_9.17.18.pdf
https://modphys.hosted.uark.edu/pdfs/CMwBang_Pdfs/CMwBang_Lectures_2018/CMwithBang_Lect.9_9.19.18.pdf
https://modphys.hosted.uark.edu/pdfs/CMwBang_Pdfs/CMwBang_Lectures_2018/CMwithBang_Lect.23_11.07.18.pdf#page=93
https://modphys.hosted.uark.edu/pdfs/CMwBang_Pdfs/CMwBang_Text_2012/CMwBang_Unit_6_2012.pdf#page=27
https://modphys.hosted.uark.edu/markup/ColorU2Web.html?cInd=5&polAngle=84&aziAngle=68
https://modphys.hosted.uark.edu/pdfs/GTQM_Pdfs/GTQM_Lectures_2017/GrpThLect_6_2.02.17.pdf
https://modphys.hosted.uark.edu/pdfs/GTQM_Pdfs/GTQM_Lectures_2017/GrpThLect_7_2.7.17.pdf
https://modphys.hosted.uark.edu/pdfs/GTQM_Pdfs/GTQM_Lectures_2017/GrpThLect_8_2.9.17.pdf
https://modphys.hosted.uark.edu/pdfs/GTQM_Pdfs/GTQM_Lectures_2017/GrpThLect_9-10_2.16.17.pdf
https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/QTCA_Text_2013/QTCA_Unit_3_Ch._7-10_2018.pdf#page=90
https://modphys.hosted.uark.edu/pdfs/GTQM_Pdfs/GTQM_Lectures_2017/GrpThLect_5_1.31.17.pdf
https://www.babylonjs.com/
https://developer.mozilla.org/en-US/docs/Web/API/WebGL_API
https://modphys.hosted.uark.edu/markup/JerkItWeb.html?scenario=2-
https://modphys.hosted.uark.edu/markup/JerkItWeb.html?scenario=2+
https://modphys.hosted.uark.edu/markup/JerkItWeb.html?scenario=Amp50Omega147-
https://modphys.hosted.uark.edu/markup/JerkItWeb.html?scenario=Amp50Omega296
https://modphys.hosted.uark.edu/markup/JerkItWeb.html?scenario=Amp50Omega602
https://modphys.hosted.uark.edu/markup/JerkItWeb.html?scenario=Gap(1)
https://modphys.hosted.uark.edu/markup/MolVibesWeb.html?scenario=C3vN3
https://modphys.hosted.uark.edu/markup/WaveItWeb.html?scenario=N3MovingWave_k_2016HP
https://modphys.hosted.uark.edu/markup/WaveItWeb.html?scenario=C(n)_Character_Table&rdim=6&clock=true&docolor=true&ImWave=true&ReWave=true&hand=true
https://modphys.hosted.uark.edu/markup/WaveItWeb.html?scenario=C(n)_Character_Table&rdim=12&clock=false&docolor=false&ImWave=true&ReWave=true&hand=false
https://modphys.hosted.uark.edu/markup/WaveItWeb.html?scenario=C(n)_Character_Table&rdim=12&clock=true&docolor=true&ImWave=false&ReWave=false&hand=true
https://modphys.hosted.uark.edu/markup/WaveItWeb.html?scenario=C(n)_Character_Table&rdim=16&clock=true&docolor=true&ImWave=false&ReWave=false&hand=true
https://modphys.hosted.uark.edu/markup/WaveItWeb.html?scenario=C(n)_Character_Table&rdim=32&clock=true&docolor=true&ImWave=false&ReWave=false&hand=true
https://modphys.hosted.uark.edu/markup/WaveItWeb.html?scenario=C(n)_Character_Table&rdim=256&clock=true&docolor=true&ImWave=false&ReWave=false&hand=false
https://modphys.hosted.uark.edu/markup/WaveItWeb.html?scenario=Quantum_Carpet_wMBars
https://modphys.hosted.uark.edu/markup/WaveItWeb.html?scenario=Quantum_Carpet_BCar_wMBars
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Quantum_Revivals_of_Morse_Oscillators_and_Farey-Ford_Geometry_-_Li-Harter-cpl-2015.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Quantum_Revivals_of_Morse_Oscillators_and_Farey-Ford_Geometry_-_Li-Harter-cpl-2015.pdf
https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/QTCA_Text_2013/QTCA_Unit_5_Ch._14_2013.pdf
http://www.cimat.mx/~gil/docencia/2008/elementales/circulos_ford.pdf
http://mathworld.wolfram.com/FareySequence.html
http://www.sciencedirect.com/science/article/pii/S0022285201984498
http://www.uark.edu/ua/modphys/pdfs/QTCA_Pdfs/QTCA_PapersNTalks/MorseRevivals5.31.pdf
http://www.sciencedirect.com/science/article/pii/S0009261415003784
https://modphys.hosted.uark.edu/ETC/MISC/Quantum_Supremacy_Using_a_Programmable_Superconducting_Processor_-_Arute-n-2019.pdf
https://www.microsoft.com/en-us/research/video/quantum-computing-computer-scientists/
https://www.microsoft.com/en-us/research/uploads/prod/2018/05/40655.compressed.pdf
https://www.microsoft.com/en-us/research/video/quantum-computing-and-workforce-curriculum-and-application-development-case-study/
https://modphys.hosted.uark.edu/ETC/MISC/Quantum_Computing_-_State_of_the_Art_-_Reimer-www-2019.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Geometric_Algebra-_A_Guided_Tour_through_Space_and_Time_-_Reimer-www-2019.pdf#page=44
https://modphys.hosted.uark.edu/ETC/MISC/Geometric_Algebra-_A_Guided_Tour_through_Space_and_Time_-_Reimer-www-2019.pdf#page=11
https://modphys.hosted.uark.edu/markup/OscillatorPEWeb.html?&scenario=2
https://modphys.hosted.uark.edu/markup/OscillatorPEWeb.html?&scenario=3
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=1,0&semiMinor=0.75

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

Wiki on Pafnuty Chebyshev
Nobelprize.org
2005 Physics Award

BoxIt Web Simulations:
A-Type w/Cosine, A-Type w/Freq ratios,
AB-Type w/Cosine, AB-Type 2:1 Freq ratio

Oscilllt Web Simulations:

Default/Generic, Weakly Damped #18,

Forced : Way below resonance,On resonance
Way above resonance,Underdamped
Complex Response Plot

Coullt Web Simulations:

Stark-Coulomb : Bound-state motion in parabolic coordinates
Molecular Ton : Bound-state motion in hyperbolic coordinates
Synchrotron Motion, Synchrotron Motion #2

Mechanical Analog to EM Motion (YouTube video)

iBall demo - Quasi-periodicity (YouTube video)

Trebuchet Web Simulations:

Lectures #12 through #21

In reverse order

Pirelli Relativity Challenge (Introduction level) - Visualizing Waves:
Using Earth as a clock,
Tesla's AC Phasors ,
Phasors using complex numbers.
CM wBang Unit 1 - Chapter 10, pdf page=135
Calculus of exponentials, logarithms, and complex fields,
RelaWavity Web Simulation - Unit Circle and Hyperbola (Mixed labeling)
Smith Chart, Invented by Phillip H. Smith (1905-1987

Select, exciting, and related Research

Clifford Algebra_And_The Projective Model Of Homogeneous_Metric_Spaces -
Foundations - Sokolov-x-2013

Geometric Algebra 3 - Complex Numbers - MacDonald-yt-2015

Biquaternion -Complexified Quaternion- Roots of -1 - Sangwine-x-2015

An_Introduction to_Clifford Algebras and Spinors - Vaz-Rocha-op-2016

Unified View on Complex Numbers and Quaternions- Bongardt-wemms-2015

Complex Functions and the Cauchy-Riemann Equations - complex2 - Friedman-columbia-2019
An_sp-hybridized Molecular Carbon_Allotrope-_cyclo-18-carbon - Kaiser-s-2019

An_Atomic-Scale_View_of Cyclocarbon_Synthesis - Maier-s-2019

Default/Generic URL, Montezuma's Revenge, Seige of Kenilworth,

'

'Flinger",
Position Space (Course), Position Space (Fine)

Discovery_Of Topological Weyl Fermion Lines And Drumhead Surface States in a
Room_Temperature Magnet_-_Belopolski-s-2019

1

Wacky Waving Solid Metal Arm Flailing Chaos Pendulum - Scooba Steeve-yt-2015 ‘Weyl"ing_away Time-reversal Symmetry - Neto-s-2019

Triple Double-Pendulum - Cohen-yt-2008
Punkin Chunkin - TheArmchairCritic-2011

Jersey Team Claims Title in Punkin Chunkin - sussexcountyonline-1999 RoVib-_quantum_state resolution of the C60 fullerene - Changala-Ye-s-2019 (Alt

Non-Abelian_Band_Topology_in_Noninteracting Metals_- Wu-s-2019
What Industry Can Teach Academia - Mao-s-2019

Shooting range for medieval siege weapons. Anybody knows? - twcenter.net/forums A Degenerate Fermi Gas of Polar molecules - DeMarco-s-2019

The Trebuchet - Chevedden-SciAm-1995
NOVA Builds a Trebuchet

Recent Articles of Interest:

An assist from Physics Girl (YouTube Channel):
How to Make VORTEX RINGS in a Pool

Crazy pool vortex - pg-vt-2014

A Semi-Classical Approach to the Calculation of Highly Excited Rotational Energies for ... Fun with Vortex Rings in the Pool - pg-yt-2014

Asvmmetric-_Top_Molec_ule;_-__Schmiedt-pch-EOI 7

Tunable and broadband coherent perfect absorption by ultrathin blk phos metasurfaces - Guo-josab-2019
Vortex Detection in Vector Fields Using Geometric Algebra - Pollock-aaca-2013.pdf


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
https://modphys.hosted.uark.edu/ETC/MISC/Clifford_algebra_and_the_projective_model_of_homogeneous_metric_spaces_-_Foundations_-_Sokolov-x-2013.pdf#page=20
https://modphys.hosted.uark.edu/ETC/MISC/Clifford_algebra_and_the_projective_model_of_homogeneous_metric_spaces_-_Foundations_-_Sokolov-x-2013.pdf#page=20
https://youtu.be/f3zM6THQDRA?list=PLLvlxwbzkr7igd6bL7959WWE7XInCCevt&t=65
https://modphys.hosted.uark.edu/ETC/MISC/Biquaternion_-Complexified_Quaternion-_Roots_of_-1_-_Sangwine-x-2015.pdf
https://modphys.hosted.uark.edu/ETC/MISC/An_Introduction_to_Clifford_Algebras_and_Spinors_-_Vaz-Rocha-op-2016.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Unified_View_on_Complex_Numbers_and_Quaternions-_Bongardt-wcmms-2015.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Complex_Functions_and_the_Cauchy-Riemann_Equations-_complex2.pdf
https://modphys.hosted.uark.edu/ETC/MISC/An_sp-hybridized_Molecular_Carbon_Allotrope-_cyclo-18-carbon_-_Kaiser-s-2019.pdf
https://modphys.hosted.uark.edu/ETC/MISC/An_Atomic-Scale_View_of_Cyclocarbon_Synthesis_-_Maier-s-2019.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Discovery_Of_Topological_Weyl_Fermion_Lines_And_Drumhead_Surface_States_in_a_Room_Temperature_Magnet_-_Belopolski-s-2019.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Discovery_Of_Topological_Weyl_Fermion_Lines_And_Drumhead_Surface_States_in_a_Room_Temperature_Magnet_-_Belopolski-s-2019.pdf
https://modphys.hosted.uark.edu/ETC/MISC/-Weyl-ing_away_Time-reversal_Symmetry_-_Neto-s-2019.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Non-Abelian_Band_Topology_in_Noninteracting_Metals_-_Wu-s-2019.pdf
https://modphys.hosted.uark.edu/ETC/MISC/What_Industry_Can_Teach_Academia_-_Mao-s-2019.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Rovibrational_quantum_state_resolution_of_the_C60_fullerene_-_Changala-Ye-s-2019-Alt.pdf
https://modphys.hosted.uark.edu/ETC/MISC/A_Degenerate_Fermi_Gas_of_Polar_molecules_-_DeMarco-s-2019.pdf
https://www.youtube.com/watch?v=_18avidXxqY
https://www.youtube.com/watch?v=pnbJEg9r1o8
https://youtu.be/72LWr7BU8Ao
https://pirelli.hosted.uark.edu/html/clocks_segue.html
https://pirelli.hosted.uark.edu/html/phasors_segue.html
https://pirelli.hosted.uark.edu/html/complex_phasors_1.html
https://modphys.hosted.uark.edu/pdfs/CMwBang_Pdfs/CMwBang_Text_2012/CMwBang_Unit_1_2019.pdf#page=135
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=0,9&taLinesInd=2&ctLinesInd=2&refSquareInd=-1&showInstructions=0&labelingInd=3
https://modphys.hosted.uark.edu/pdfs/CMwBang_Pdfs/CMwBang_Lectures_2017/Smith_Chart.pdf
https://modphys.hosted.uark.edu/markup/TrebuchetWeb.html
https://modphys.hosted.uark.edu/markup/TrebuchetWeb.html?scenario=MontezumasRevenge
https://modphys.hosted.uark.edu/markup/TrebuchetWeb.html?scenario=SeigeOfKenilworth
https://modphys.hosted.uark.edu/markup/TrebuchetWeb.html?scenario=AnimateFlinger
https://modphys.hosted.uark.edu/markup/TrebuchetWeb.html?scenario=PlotPosSpaceCourse
https://modphys.hosted.uark.edu/markup/TrebuchetWeb.html?scenario=PlotPosSpaceFine
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=StarkCoulomb
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=Coulomb-Stark_Bound_Hyperbolic
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=SynchrotronMotion
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=SynchrotronMotion2
https://youtu.be/hTd5FTJ-vRk
https://youtu.be/_jntDtULxDc
https://modphys.hosted.uark.edu/markup/OscillItWeb.html
https://modphys.hosted.uark.edu/markup/OscillItWeb.html?scenario=18
https://modphys.hosted.uark.edu/markup/OscillItWeb.html?scenario=27
https://modphys.hosted.uark.edu/markup/OscillItWeb.html?scenario=31
https://modphys.hosted.uark.edu/markup/OscillItWeb.html?scenario=35
https://modphys.hosted.uark.edu/markup/OscillItWeb.html?scenario=38
https://modphys.hosted.uark.edu/markup/OscillItWeb.html?scenario=39
https://en.wikipedia.org/wiki/Pafnuty_Chebyshev
https://www.nobelprize.org
https://www.nobelprize.org/prizes/physics/2005/summary/
https://modphys.hosted.uark.edu/markup/BoxItWeb.html?AU2=1.0&BU2=-0.1&CU2=0.0&DU2=1.0&xInitial=1.0&yInitial=0.0&pxInitial=0.0&pyInitial=0.0026&wantBoxLines=0&wantRationalPrint=0&wantStokes=0&wantCosinePlot=1
https://modphys.hosted.uark.edu/markup/BoxItWeb.html?AU2=1.0&BU2=-0.1&CU2=0.0&DU2=1.0&xInitial=1.0&yInitial=0.0&pxInitial=0.0&pyInitial=0.0026&wantBoxLines=0&wantRationalPrint=1&wantStokes=0&wantCosinePlot=0
https://modphys.hosted.uark.edu/markup/BoxItWeb.html?AU2=3.158&BU2=-0.158&CU2=0.0&DU2=3.158&xInitial=1.0&yInitial=0.0&pxInitial=0.0&pyInitial=0.4&wantBoxLines=0
https://modphys.hosted.uark.edu/markup/BoxItWeb.html?AU2=2.5&BU2=-0.86603&CU2=0.0&DU2=3.5&xInitial=1.0&yInitial=0.0&pxInitial=0.0&pyInitial=0.0&wantBoxLines=0
https://www.youtube.com/channel/UC7DdEm33SyaTDtWYGO2CwdA
https://www.youtube.com/watch?v=zvIY1z0xcek
https://www.youtube.com/watch?v=foZHjI8Lydo
http://thearmchaircritic.blogspot.com/2011/11/punkin-chunkin.html
http://www.sussexcountyonline.com/news/photos/punkinchunkin.html
http://www.twcenter.net/forums/showthread.php?358315-Shooting-range-for-medieval-siege-weapons-Anybody-knows
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Trebuchet-SciAm_273_66_July_1995_chevedden1.pdf
https://www.pbs.org/wgbh/nova/lostempires/trebuchet/builds.html
https://modphys.hosted.uark.edu/ETC/MISC/A_Semi-Classical_Approach_to_the_Calculation_of_Highly_Excited_Rotational_Energies_for_Asymmetric-Top_Molecules_-_Schmiedt-pccp-2017.pdf
https://modphys.hosted.uark.edu/ETC/MISC/A_Semi-Classical_Approach_to_the_Calculation_of_Highly_Excited_Rotational_Energies_for_Asymmetric-Top_Molecules_-_Schmiedt-pccp-2017.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Tunable_and_Broadband_Coherent_Perfect_Absorption_by_Ultrathin_Black_Phosphorus_Metasurfaces_-_Guo-josab-2019.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Vortex_Detection_in_Vector_Fields_Using_Geometric_Algebra_-_Pollock-aaca-2013.pdf

Running Reference Link Listing

Lectures #11 through #7

Eric J Heller Gallery:

Main portal, Consonance and Dissonance II, Bessel 21, Chladni

The Semiclassical Way to Molecular Spectroscopy - Heller-acs-1981

Quantum_dynamical tunneling in_bound states - Davis-Heller-
jcp-1981

Pendulum Web Simulation
Cycloidulum Web Simulation

Links to previous lecture: Page=74, Page=75, Page=79
Pendulum Web Sim
Cycloidulum Web Sim

JerkIt Web Simulations: Basic/Generic: Inverted, FVPlot
CMwithBang Lecture 8, page=20

WWW.sciencenewsforstudents.org: Cassini - Saturnian polar vortex

“RelaWavity” Web Simulations:
2-CW laser wave, Lagrangian vs Hamiltonian,
Physical Terms Lagrangian L(u) vs Hamiltonian H(p)
Coullt Web Simulation of the Volcanoes of lo
Bohrlt Multi-Panel Plot:
Relativistically shifted Time-Space plots of 2 CW light waves

BoxlIt Web Simulations:
Generic/Default
Most Basic A-Type
Basic A-Type w/reference lines
Basic A-Type A-Type with Potential energy
A-Type with Potential energy and Stokes Plot
A-Type w/3 time rates of change
A-Type w/3 time rates of change with Stokes Plot
B-Type (A=1.0. B=-0.05. C=0.0. D=1.0)

RelaWavity Web Elliptical Motion Simulations:
Orbits with b/a=0.125
Orbits with b/a=0.5
Orbits with b/a=0.7
Exegesis with b/a=0.125
Exegesis with b/a=0.5
Exegesis with b/a=0.7
Contact Ellipsometry

In reverse order

Coullt Web Simulations:
Basic/Generic
Exploding Starlet
Volcanoes of 1o (Color Quantized)

Jerklt Web Simulations:
Basic/Generic
Catcher in the Eye - IHO with Linear Hooke perturbation - Force-potential-Velocity Plot

OscillatorPE Web Simulation:

Coulomb-Newton-Inverse_Square,
Hooke-Isotropic Harmonic,
Pendulum-Circular_Constraint

AMOP Ch 0 Space-Time Symmetry - 2019
Seminar at Rochester Institute of Optics, Aux. slides-2018

NASA Astronomy Picture of the Day -
[o: The Prometheus Plume (Just Image)
NASA Galileo - lo's Alien Volcanoes
New Horizons - Volcanic Eruption Plume on Jupiter's moon 10
NASA Galileo - A Hawaiian-Style Volcano on lo

Pirelli Site: Phasors animimation
CMwithBang Lecture #6, page=70 (9.10.18)

Select, exciting, and related Research & Articles of Interest:
Burning a hole in reality—design for a new laser may be powerful enough to pierce space-time - Sumner-KOS-2019
Trampoline mirror may push laser pulse through fabric of the Universe - Lee-ArsTechnica-2019
Achieving Extreme Light Intensities_using Optically Curved Relativistic Plasma Mirrors - Vincenti-prl-2019

A_Soft Matter_Computer_for_Soft Robots -_Garrad-sr-2019
Correlated Insulator Behaviour _at Half-Filling in_Magic-Angle Graphene Superlattices - cao-n-2018

Sorting ultracold _atoms _in_a_three-dimensional optical lattice in_a_

realization_of Maxwell's_Demon - Kumar-n-2018

nthetic_three-dimensional_atomic_structur mbl tom tom - Barr -n-201
Older ones:
Wave-particle_duality_of C60_molecules - Arndt-1tn-1999

tical_Vortex Knots_- One_Photon__ At A Time - Tempone-Wiltshire-Sr-201

Baryon_Deceleration_by _Strong Chromofields_in_Ultrarelativistic_,
Nuclear_Collisions - Mishustin-PhysRevC-2007, APS Link & Abstract

Hadronic Molecules - Guo-x-2017

Hidden-charm_pentaquark_and_tetraquark_states - Chen-pr-2016



https://modphys.hosted.uark.edu/markup/BoxItWeb.html
https://modphys.hosted.uark.edu/markup/BoxItWeb.html?wantPhasorsModal=0&wantStokes=0&wantCosinePlot=0&wantBoxLines=0&wantBallsNItsPhi2=0&wantBallsNItsPhi2=0&wantPELevels=0
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/BoxItWeb.html?wantPhasorsModal=0&wantStokes=0&wantCosinePlot=0&wantBoxLines=0
https://modphys.hosted.uark.edu/markup/BoxItWeb.html?wantStokes=1
https://modphys.hosted.uark.edu/markup/BoxItWeb.html?numberOfVAJLines=3&wantPhasorsModal=0&wantStokes=0&wantCosinePlot=0
https://modphys.hosted.uark.edu/markup/BoxItWeb.html?numberOfVAJLines=3
https://modphys.hosted.uark.edu/markup/BoxItWeb.html?&AU2=1.0&BU2=-0.05&CU2=0.0&DU2=1.0
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=1,0&semiMajor=1.0&semiMinor=0.125
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=1,0&semiMajor=1.0&semiMinor=0.5&velocity=0.85
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=1,0&semiMajor=1.0&semiMinor=0.7
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=1,1&semiMajor=1.0&semiMinor=0.125
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=1,1&semiMajor=1.0&semiMinor=0.5
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=1,1&semiMajor=1.0&semiMinor=0.7
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=1,2
https://pirelli.hosted.uark.edu/html/phasors_single_anim.html
https://modphys.hosted.uark.edu/pdfs/CMwBang_Pdfs/CMwBang_Lectures_2018/CMwithBang_Lect.6_9.10.18.pdf#page=70
https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/QTCA_Text_2013/AMOP_Ch_0_SpaceTimeSymm.pdf
https://modphys.hosted.uark.edu/pdfs/Talk_Pdfs/Rochester_Auxilary_Slides.pdf
https://modphys.hosted.uark.edu/markup/BohrItWeb.html?scenario=-30104&xPhasorFactor=0.5
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=4,5&sigmaInd=0&swordLineWidth=3
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=4,5&sigmaInd=0&swordLineWidth=3
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=VolcanoesOfIo
https://modphys.hosted.uark.edu/markup/BohrItWeb.html?scenario=-30104&xPhasorFactor=0.5
http://apod.nasa.gov/apod/ap970818.html
http://apod.nasa.gov/apod/image/9708/prometheus_gal_big.jpg
https://science.nasa.gov/science-news/science-at-nasa/1999/ast04oct99_1/
https://www.youtube.com/watch?v=wmQHOUFIuzQ
https://science.nasa.gov/science-news/science-at-nasa/1999/ast05nov99_2/
https://modphys.hosted.uark.edu/pdfs/CMwBang_Pdfs/CMwBang_Lectures_2019/CMwithBang_Lect.8_9.23.19.pdf#page=22
https://www.sciencenewsforstudents.org/article/cassini-spacecraft-takes-its-final-bow%22
https://www.dailykos.com/stories/2019/9/14/1885432/-Burning-a-hole-in-reality-design-for-a-new-laser-may-be-powerful-enough-to-pierce-space-time
https://arstechnica.com/science/2019/09/trampoline-mirror-may-push-laser-pulse-through-fabric-of-the-universe/
https://modphys.hosted.uark.edu/ETC/MISC/Achieving_Extreme_Light_Intensities_using_Optically_Curved_Relativistic_Plasma_Mirrors_-_Vincenti-prl-2019.pdf
https://modphys.hosted.uark.edu/ETC/MISC/A_Soft_Matter_Computer_for_Soft_Robots_-_Garrad-sr-2019.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Correlated_Insulator_Behaviour_at_Half-Filling_in_Magic-Angle_Graphene_Superlattices_-_cao-n-2018.pdf
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/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
https://modphys.hosted.uark.edu/ETC/MISC/Baryon_Deceleration_by_Strong_Chromofields_in_Ultrarelativistic_Nuclear_Collisions_-_mishustin-PhysRevC-2007.pdf
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/pdfs/CMwBang_Pdfs/CMwBang_Lectures_2018/CMwithBang_Lect.6_9.10.18.pdf#page=74
https://modphys.hosted.uark.edu/pdfs/CMwBang_Pdfs/CMwBang_Lectures_2018/CMwithBang_Lect.6_9.10.18.pdf#page=75
https://modphys.hosted.uark.edu/pdfs/CMwBang_Pdfs/CMwBang_Lectures_2018/CMwithBang_Lect.6_9.10.18.pdf#page=79
https://modphys.hosted.uark.edu/markup/PendulumWeb.html
https://modphys.hosted.uark.edu/markup/CycloidulumWeb.html
https://modphys.hosted.uark.edu/markup/JerkItWeb.html
https://modphys.hosted.uark.edu/markup/JerkItWeb.html?scenario=FVPlot
https://modphys.hosted.uark.edu/markup/OscillatorPEWeb.html?&scenario=3
https://modphys.hosted.uark.edu/markup/OscillatorPEWeb.html?&scenario=2
https://modphys.hosted.uark.edu/markup/OscillatorPEWeb.html?&scenario=0
https://modphys.hosted.uark.edu/markup/CoulItWeb.html
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=ExplodingStarlet
https://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=VolcanoesOfIo_ColorQuant
https://modphys.hosted.uark.edu/markup/JerkItWeb.html
https://modphys.hosted.uark.edu/markup/JerkItWeb.html?scenario=FVPlot
http://ejheller.jalbum.net/Eric%20J%20Heller%20Gallery/
http://ejheller.jalbum.net/Eric%20J%20Heller%20Gallery/
http://ejheller.jalbum.net/Eric%20J%20Heller%20Gallery/slides/Consonance%20and%20DissonanceII.html
http://ejheller.jalbum.net/Eric%20J%20Heller%20Gallery/slides/Bessel%2021.html
http://ejheller.jalbum.net/Eric%20J%20Heller%20Gallery/slides/Chladni.html
http://homepage.univie.ac.at/mario.barbatti/papers/heller/heller_acs_14_368_1981.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Quantum_dynamical_tunneling_in_bound_states_-_Davis-Heller-jcp-1981.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Quantum_dynamical_tunneling_in_bound_states_-_Davis-Heller-jcp-1981.pdf
https://modphys.hosted.uark.edu/markup/PendulumWeb.html
https://modphys.hosted.uark.edu/markup/CycloidulumWeb.html

Running Reference Link Listing

Lectures #6 through #1

In reverse order

, , , , Bouncelt Web Animation - Scenarios:
RelaWavity Web Simulation: Contact Ellipsometry Generic Scenario: 2-Balls dropped no Gravity (7:1) - V.vs V Plot (Power=4)

BoxlIt Web Simulation: Elliptical Motion (A-Type) [-Ball dropped w/Gravity=0.5 w/Potential Plot: Power=1, Power=4
CMwBang Course: Site Title Page 7:1 - Vvs V Plot: Power=1

Pirelli Relativity Challenge. Describing Wave Motion With Complex Phasors 3-Ball Stack (10:3:1) w/Newton plot (v vs t) - Power=4

UAF Physics UTube channel 3-Ball Stack (10:3:1) w/Newton plot (y vs t) - Power=1
3-Ball Stack (10:3:1) w/Newton plot (v vs t) - Power=1 w/Gaps

Velocity Amplification in Collision Experiments Involving Superballs - Harter, 1971 4-Ball Stack (27:9:3:1) w/Newton plot (v vs t) - Power=4
MIT OpenCourseWare: High School/Physics/Impulse and Momentum 4-Newton's Balls (1:1:1:1) w/Newtonian plot (v vs t) - Power=4 w/Gaps
Hubble Site: Supernova - SN 19874 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-Stationarv-Balls - Vx2 vs VxI plot w/Gaps

Bounceltlt Web Animation - Scenarios:

_ Bouncelt Dual plots

49:1yvst 49:1 V2 vs VI, 1:500:1 - 1D Gas Model w/ faux restorative force (Cool), mimy =3:1

1:500:1 - 1D Gas (Warm), 1:500:1 - 1D Gas Model (Cool, Zoomed in), vovsviand V2vs Vi (vi, v2)=(1, 0.1), (vi. v2)=(1, 0)
Farey Sequence - Wolfram y2vs yiplots: (vi, vo)=(1, 0.1), (v, v2)=(1, 0), (vi, vJ)=(1, -1)
Fractions - Ford-AMM-1938 Estrangian plot V> vs V. (vi, v2)=(0, 1), (vi, v2)=(l, -1)
Monstermash Bounceltlt Animations: mpmz=4:1

1000:1 - V2 vs VI, 1000:1 with t vs x - Minkowski Plot v2vsvl, y2vs yl
Quantum Revivals of Morse Oscillators and Farey-Ford Geometry - Li-Harter-2013 mp:my =100:1, (v, v2)=(1, 0): V2 vs VI Estrangian plot, y2 vs yI plot

Quantum_Revivals_of Morse_Oscillators _and _Farey-Ford Geometry - Li-Harter-cpl-2015 . .

Quant. Revivals of Morse Oscillators and Farey-Ford Geom. - Harter-Li-CPL-2015 (Publ,) Yith g=0 and 70:10 mass ratio . _
Velocity_Amplification_in_Collision_Experiments_Involving_Superballs-Harter-1971 With non zero g, velocity dependent damping and mass ratio of 70:35
Wavelt Web Animation - Scenarios: - - M,=49, M>=1 with Newtonian time plot

Quantum_Carpet, Quantum_Carpet wMBars, Mi=45. M .:] W.lth. V2 vs V) plot

Quantum_Carpet_BCar, Quantum_Carpet BCar_wMBars Lxample with fr zctzon. . _

Wave Node Dynamics and Revival Symmetry in Ouantum Rotors - Harter-JMS-2001 Low force constant with drag displaying a Pass—{hru, Fall—fhru, Bounce-Off

Wave Node Dynamics and Revival Symmetry in Quantum Rotors - Harter-jms-2001 (Publ.) ml:m2=3:1 and (vL. v2) = (1. 0) Comparison with Estrangian

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. htm!

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:M =49, M>=1 V> vs Vi plot <<Under Construction>>



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/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
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https://modphys.hosted.uark.edu/markup/BohrItWeb.html?scenario=-30104
https://modphys.hosted.uark.edu/markup/BohrItWeb.html?scenario=-30104
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This map has circle sector arc-area o =0.6435
set to angle Lo =36.87°=0.6435radian
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https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=0,9&taLinesInd=2&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0&labelingInd=3
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=0,9&taLinesInd=2&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0&labelingInd=3

Derive relawavity parameters and Minkowski coordinates for vz=2.5THz and v;=0.5THz
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Derive relawavity parameters and, Minkowski coordinates for 9z=2.5THz and v;=0.5TH
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Fig. 11 in text Relawavity...
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Fig. 4 in Ch.0 text introducing Relawavity...
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Review: Relawavity p functions and plots vs. p

Derive relawavity parameters and Minkowski coordinates for vp=2.5THz and v,=0.5THz

3 Derivation of relativistic quantum mechanics
What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations
Poincare’ and Hamilton-Jacobi equations



Using (some) wave parameters to develop relativistic quantum theory
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Using (some) wave parameters to develop relativistic quantum theory
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Using (some) wave parameters to develop relativistic quantum theory
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Using (some) wave parameters to develop relativistic quantum theory
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Using (some) wave parameters to develop relativistic quantum theory
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Using (some) wave parameters to develop relativistic quantum theory

= Bsinh p) Bp

= tanh p zpj

1 B
B+——2M2
2 ¢

#phase
¢

phase —

(for u<c)
At low speed

U

hB
0: M=—+
C

Rescale Uphase by 7

1
Resembles: const.+ EMMZ

ACUphase = Bcosh @~ B +% sz(for UKC)
(for u<c)

S.

& for (u<c)=

2
U
coshpz1+% pzz 1+%—2
U

sinh p=p=—
C

BZUA sec.”!
B:UA = CK’Asec."1

m. 1

SE€C. m.

B

K 2

phase = 5 U Uphase and Rophase Tesemble

formulae for Newton’s kinetic
energy EML# and momentum Mu.

So attach scale factor /
to match units.

(sec.)™

Resembles: Mu

=
v U, Ao | T %
group bl?gl];pler L group group group gfoup group pl;ase b glj)g%ler
L 1 c 1
p ase D()ppler D()ppler
bBLUE ngup bRED
rapidity -p *tP
. e coth p e
stellar ¥V +p -p
mgle o | 1/€ csCo l/e
u | [1-B 1 1+
“o | \1+B B T
1 5 2
i’ | ==05 —=167 | ==20
2 3 1




Using (some) wave parameters to develop relativistic quantum theory
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Using (some) wave parameters to develop relativistic quantum theory
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Using (some) wave parameters to develop relativistic quantum theory
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Using (some) wave parameters to develop relativistic quantum theory
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Using (some) wave parameters to develop relativistic quantum theory
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Using (some) wave parameters to develop relativistic quantum theory
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CKphase_BSIth)NBp (fOf I/t<<C) . 1 C B:UA = CK y 5
7 sinh p=p=— X
_ — C - 2
= = tnhp - pj (for u<c) L
- 1 B At low speeds: B
2
vphase = B + 5—214 C fOI' (M<<C) — Kphase = —2M Uphase and K'/phase I'GSGmble
¢ hB ¢ formulae for Newton’s kinetic
R 1 by / = hB=M 2 (The famous Mc? 5
escale Uphase DY 1 501 M= 2 OrAL = MC™  ghowsup herel) ~ €NErgy - Mu and momentum Mu.
1 hB hB So attach scale factor 7
N, ase=NB + 5 C—2 u- &ftor(ukce)= Ik ,pu ~C—2 u [ to match units.
L T 2D .
» 15 ; Lucky coincidences?? cpeqp trick??
hv =~ Mc™+—Mu~ <&for(u<kc)= hx =~ Mu
phase o) ( ) phase .. Iry exact Uphase ...
NV, ase=NB cosh p =Mc” cosh p
Doppl f‘/rou v rouy, ﬂ‘ rouy, K fou T rou V hase Doppl
group | b, L SO group Zgrowp  _ggoup group P pLomter
T, c
phase ! Aptas ¢ !
bl?l(,)llj]ger A’A ngup bl?ggpler
e cschp  cothp | :
sellr ¥ |1 cotw /e
U ﬁ :Q p ~-1 l % (old-fashioned
c 1+ 1 B 1-8 notation)
vaiue jor 1 4 5 2
s 5= 0.5 5=1.33 5=1.67 T=2.0




Using (some) wave parameters to develop relativistic quantum theory

| 2
v = Bcosh p)= B+5 Bp~ (for u<c 2 _ .
_@phase = Bsinh p) = Bp (fOf I/t<<C) - 1 C B = V4 =CKy sec.”’
sinh p=p=—
7] 1
(o = anhp - pj (for u<c) c L
C
1 B At low speeds: B
vphase = B + 5_21/12 C fOI' (M<<C) — Kphase = _2M Uphase and K'/phase I'GSGmble
¢ hB > (The famouf v formulae for Newton’s kinetic
Rescale vprase by 1 so: M=—% orhB=Mc™  gowsuphere) €NEIZY 5 Mu? and momentum Mu.
C
1 hB hB So attach scale factor 7
N, ase=NB + 5 C—2 u- &ftor(ukce)= Ik ,pu ~C—2 u [ to match units.
o 1 o - eeeLucky coincidences?? cheq grick??
hv =~ Mc"+—Mu~ <&for(ukc)= hx =~ Mu
phase 2 ( ) phase Tf'y exact Uphase
_ _ 2
th phase="1B cosh p=Mc” coshp
Planck (1900
ﬂ‘ group & oup_ Tgroup Vphase b Doppler ( ) M C 2
group 1, ], T, p BLUE = Total oy. FEF = —
- T e A ase c 1 instein (1905 )—T \/ 1-u"/c

P T, A, Veow | Dren " ‘ (old-fashioned
o sech p cschp  cothp : ; ' ]]Véaj); P] Z;IZ;/C notation)
o cosa  secd cotw 1/e™” '. =~ 8 _

5| B 1| 1-p° [ YB3l 1 148
1 1—

gl 1 B |\1-p

value for
B=3/5

=0.5 E=O.6 E=O.75 i=0.80 §=1.25 i=1.33 §=1.67 %=2.0
5 4 5 4 3 3 1




Using (some) wave parameters to develop relativistic quantum theory
_ ~nalpa2 213
ACUPhase = Bcosh@ B+5 Bp*~(for u<c) Coshpzl+%p2zl+%u—2 4‘-
C

cK = Bsinhp)= B for u<c .
phase 7}
7 sinh p=p=— = 1
; = tanh p = pj (fOf ULC ) ¢ o sec. m.
- 1 B At low speeds: B 16381947
2
vphase = B + 5—214 C fOI' (M<<C) — Kphase = —2M Uphase and K'/phase I'GSGmble
¢ hB ¢ formulae for Newton’s kinetic
Cagq ] 2 (The famous Mc?
Rescale vppase by 1 s0: M=— orhB=Mc™  gowsuphere) €NEIZY 5 Mu? and momentum Mu.
C
1 hB 5 hB So attach scale factor / (or hN)
N, ase=NB + 22 u- &ftor(ukce)= Ik ,pu ~2 u [ ‘o match units.
L T 2D .
» 15 ; Lucky coincidences?? cpeqp trick??
hv =~ Mc"+—Mu~ &for(u<c)= hx ~ Mu
phase 9 ( ) phase .. Try exact Uphase ...
" Need to relﬂl_agf‘;:thl) phase="1B cosh p =Mc*coshp
/i with /AN to mat.ch Planck (1900) 5
cromn Ao V sl €. energy density Total B 5 Mc
S * = . —
Ay ¢ \\EOE.E Zl’lNrUphcm) Ota .nergy' J \/1 2/ )
T e c 1 Einstein (1905) —uic
phase T 1% bDoppler
A group RED
o sech p cothp | €™
o cOSO csco | 1/e”
| BB 1 | () 1| B
o | V14B 1 B2-1 1 B 1-B
v Lo0s5| 2206 22075 | 2080 2-125| 22133 2-167| 2220
> 4 5 4 3 3 1




Using (some) wave parameters to develop relativistic quantum theory

() = B cosh )~B+ Bp~(for u<c 2' —
4( phase P 2P ( ) coshp=l+5p z1+§—2 .‘ B=0y sc
h _BSIth Bp (fOf I/t<<C) B=vD.=cCK ,sec
" phase sinh pzpzZ A A
u-_ hp =~ £ c m. 1
tanhp =p (for u<c) A~ A —
< 1 B At low speeds: B 18361947
vphase B + 5_2142 C fOI' (M<<C) — Kphase = —2M Uphase and K'/phase I'CSGmble
¢ hB 5 (The famouf v formulae for Newton’s kinetic
Rescale vphase by i so: M :c_ orhB=Mc™ s up here)) energy 5 Mu? and momentum Mu.
1 hB hB So attach scale factor /1 (or hN)
N, ase=NB + 5 C—2 u- &ftor(ukce)= Ik ,pu c_2 ‘0 match units.
o 1 i e Lucky coincidences?? chegy, irick??
hv =~ Mc™+ Mu &for (ukec)=>  hK Mu
phase™ 9) ( ) phase”™ . Ary exact Uphase ...
" Need to remgel:thv phase="1B cosh p =Mc*coshp
/T with /IN to match Planck (1900) )
rou bDoppler fgroup vgroup 2‘group & oup_ Tgroup Vphas e.m. ener, g:y denS lly MC
group RED L A’A T, c e @ETE :hN/Uphaw) — TOtal Energy J
i 1 K T hase This motivates the Einstein (1905) \/ 1-u / C
prase boervler T, ‘particle” normalization
rapli)dity €_'D SeChp f \IJ*W dV_N Y= l’lvE
e o | e cosoc  seco | cotoc  csco | 1/e”
_u | [1-B L [ 1-B (1 Y B-1 1| 4B
o | V14B B2-1 1 /1_[,»2) 1 B 1-B
" 3 1 5 1 5 5 For more, visit the Pirelli Challenge Site
v 5= 05| ==06 ==0.75 g=0.80 Z=1.25 5=1.33 5=1.67 T=2.0 Quantized amplitude



https://pirelli.hosted.uark.edu/html/quantized_1.html

Using (some) wave parameters to develop relativistic quantum theory
ACUPhase = Bcosh @~ B +2 Bp* (for u<c) coshp=1tlp z1+§_2, ;
C

CK phase = Dsinh p) Bp (for u<c) y -
7 sinh p=p=— = &
— = h =~ f ¢ ' .
tanhp =p (for u<c) A° A -
C ax anc
~ 1 B At low speeds: B 16581947
2
vphase B + 5—214 C fOI' (M<<C) — Kphase = —2M Uphase and K'/phase I'CSGmble
¢ hB ¢ formulae for Newton’s kinetic
R 1 by / M= B = M. 2 (The famous Mc? 5
escale Uphase DYy 1 501 M= 2 OrAL = MC™  ghowsup herel) ~ €NErgy - Mu and momentum Mu.
1 hB hB So attach scale factor / (or hN)
hU pase=hB + > C—2 u- &tor(uke)= K 4 ~C—2 | < match units.
o 1 s eeeesLucky coincidences?? cpegp trick??
hv =~ Mc“+ — Mu &for (ukec)=>  hK Mu
phase 9 ( ) phase”™ . Try exact Uppase ...
" Need to relbl_aﬁ‘;:thl) phase="1B cosh p =Mc*coshp
/T with /IN to mat.ch Planck (1900) )
A roup K4 T group V s €.1. energy density Mc
rou - —ie
zroup AA ol ) [Tl Enerey: £
, T s This motivates the Einstein (1905) I-u / C
prase T, ‘particle” normalization B |
— L 12 worry: IS not
oty sech p J U ar=N Y- \/; 5 Y .
1llator energy quadratic 1n frequency v?
sellar ¥ COSO  seco coto csco B 2 2
angle HO energy=—A"v
B L O R W IV (U /S S I 7 :
o | V14B 1 B2-1 1 1-p2) 1 B 1-B
e Lo0s5| 2206 22075 | 2080 2-125| 22133 2-167| 2220
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Using (some) wave parameters to develop relativistic quantum theory
ACUPhase = Bcosh @~ B +2 Bp* (for u<c) coshp=1tlp z1+§_2, ;
C

CK phase = Dsinh p) Bp (for u<c) y -
7 sinh p=p=— = &
— = h = f ¢ ' :
tanhp =p (for u<c) 4~ - sec. m.
C ax anc
N~ W At low speeds: B 16581947
2
vphase B + 5—214 C fOI' (M<<C) — Kphase = —2M Uphase and K'/phase I'CSGmble
¢ hB > (The famoug Vo2 formulae for Newton’s kinetic
Rescale vphase by i so: M =C—2 orhB=Mc™  gowsuphere) €NEIZY > Mu? and momentum Mu.
1 hB 5 hB So attach scale factor / (or hN)
hU pase=hB + > C—2 u- &tor(uke)= K 4 ~C—2 | < match units.
o 1 s eeeesLucky coincidences?? cpegp trick??
hv =~ Mc"+— Mu &for (ukec)=>  hK Mu
phase 9 ( ) phase”™ . Try exact Uphase -..
f‘rNéed to relbl_aﬁ‘;:thl) phase="1B cosh p =Mc*coshp
/T with /IN to mat.ch Planck (1900) )
Ao k), T V asl €-M. energy density Mc
group - | —— - = Total Ener
A'A Ty ¢ \EOE:KE ZhN/Upha& - gy J \/
, T s This motivates the Einstein (1905) I-u / C
prase T, ‘particle” normalization
— - Big worry: Is not
oty sech p J U ar=N Y- \/; 5 Y .
1llator energy quadratic 1n frequency v?
sellar ¥ COSO  seco coto csco - 2 2
angle S HO energy—EA v
— 1-p° 1 -1 1 1 :
| BB 1 V15 P — 2B 1 Resolution w dirty secret: oy N, and Upnase are all
c | NI+B | 1 B2-1 1 -2 ) 1 B 1-B .
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Using (some) wave parameters to develop relativistic quantum theory

_ . 2] ;
— Vphase = Bcosh@ B +2 Bp* (for u<c) coshp=tlp2= 11§
2 B
CK ppase = B sinh pl~ Bp (for u<c) | y .
7 sinh p=p=— |
= = tanhp = pj (for u<c) c 47 .
- 1 B At low speeds: B 16381947
2
vphase B + 5—214 C fOI' (M<<C) — Kphase = —2M Uphase and K'/phase I'GSGmble
¢ hB ¢ formulae for Newton’s kinetic
R 1 by / = hB=M 2 (The famous Mc? 5
escale Uphase DY 1 501 M= 2 OrAL = MC™  ghowsup herel) ~ €NErgy - Mu and momentum Mu.
1 hB 5 hB So attach scale factor / (or hN)
N, ase=NB + 5 C—2 u- &ftor(ukce)= Ik ,pu ~C—2 U | o mateh units,
) 1 Lucky coincidences?? " Cheap trick??
hv =~ Mc™+ — Mu &for (uke)=  hx Mu
phase 2 ( ) phase Tr_)/ exact Uphase and /{phase...
" Need to relﬂl_agf‘;:thl) phase="1B cosh p =Mc*coshp
— /1 with AN to mat.ch Planck (1900) 5
o V o Ugmp Aroun | V | €. energy density Mc
group | by L ; 2 ¢ (BB Nty |~ = Total Energy: E _T \/
phase | c ,,,m) T e c 1 Einstein (1905) l-u/c?
bI?LZIZ?l V hase TA V rou bI?Egpl ' b
- E— — hck = hBsinh p =Mc?sinh
e anh) sinhp) | sechp cothp | e | phase” p p
e g | 1€ | sinc  tano | coso csco | 1/e”

_u| 1| B 1|1 (1 YyB1 1 | 5B
c | V4B | 1 B2 B

[

1 3 3 4 5 4 5 2
gl | ==05 ] ==06 ==0.75 | —=0.80 ==125| —=133 ==167 | —=2.0
2 5 4 5 4 3 3 1




Using (some) wave parameters to develop relativistic quantum theory
ACUPhase—Bcosh@~B+zBp (for u<c) Lo oqu’ '

coshp=l+5p"=l+5— |
_@phase—Bsmh p)=bp  (foru<c) pep R 2
sinh p=p=—
(o = nhp ~pj (for u<c) c

C

Max Planck Sec. m.
1 B At low speeds: B 16381947
vphase B + 5_21/12 C fOI' (M<<C) — Kphase = _2M Uphase and K'/phase I'GSGmble
¢ hB > (The famouf v formulae for Newton’s kinetic
Rescale vphase by 1 s0: M =C—2 orhB=Mc™  gowsuphere) €NEIZY > Mu? and momentum Mu.
1 hB 5 hB So attach scale factor / (or hN)
N, ase=NB + 5 C—2 u- &ftor(ukce)= Ik ,pu ~C—2 U | o mateh units,
) 1 Lucky coincidences?? " Cheap trick??
hv ~ Mc"+ — Mu &for (u<c)= K Mu
phase 2 ( ) phase T]/:)/ exact Uphase m /{phase...

- ~ _ _ag2
Need to reme__:thv phase="1B cosh p=Mc”coshp

- /i with /N to match Planck (1900) )
Vrou v rou / ! U Vv nasl €-M. €nergy denSil)/ MC
group poppler group group p T t lE
RED p—
¢ ¢ \EOE:XE :hN/Uphasg ota nergy J \/
1 O c 1 FEinstein (1905) l-u’/c”
phase bD oppler V V bD oppler
" — | NCK 0= NB sinh p =Mc”sinhp
- w e’ anh) sinh p coth p eP P
u
e o | /e | sino tano : _coto __csco | et | 1 - . Mcu
'\ = 1= - (old—fashloned Ccp =
_u l—ﬁ [3 1 1 1+ﬁ \/ﬁ - \/1_MZ notation) \/1—u2/c2
= PEPY o - — C
c 1+ 1 B72-1 B 1-8
v 1o0s|2206 22075 | 22080 2=125| 22133 22167 2220
2 5 4 5 4 3 3 1




Using (some) wave parameters to develop relativistic quantum theory

—{v = Bcosh )~B+ Bp~(for u<c el
phdse P 20P ( ) coshp=l+1ip 21+
= Bsinh p) = B f AP
CK ppase = B sin pl~ o (for u<c) | y
7 sinh p=p=—
— = tanhp =p (for u<c) ¢
< C Max Planck  Louis DeBroglie
Uphase = B+ 5—2u & for (u<c) = K phase = 5 U Uphase and Rphase Tesemble
¢ hB ¢ , formulae for Newton’s kinetic
Rescale Uphase bY I 80: M=—- orhB = M2 (Lhe famous Me M2 and tum M.
'phase OY . 62 . — shows up here!) cnergy > u< and momentum Mu.
1L hB hB So attach scale factor /i (or hN)
hv phase~hB + 5 C—2 u- <for (ukc)= hx phase ~C—2 U | o mateh units,
2 1 '"2""""'"""""'"""'---------------------------------:_-_-_-_-_-_-_-_-_-_-L ral wave conspirac Expe;zszvlf??
h , =Mc+—Mu- &for(u<ke)= Ik ~ Mu + Creap tric
phase 2 ( ) phase TI”_)/ exact Uphase and /{/phase...
" Need to remgel:thv phase="1B cosh p =Mc*coshp
— /i with /iN to mat.ch Planck (1900) 5
g”'OI/lp bDoppl r Vgroup Ugrmp ] [ Vphas e.m. energ:y denSlly T 1 E MC
RED L . o - \EOEfE " NUpase) | otal Energy: E _T \/
phase | — ¢ (K e c 1 Einstein (1905) l-u’/c”
bI?LZIZ?l V hase V rou, bI?Egpl M
— - E—\ — hck = hBsinh p =Mc’ sinh
o e’ anh) sinh p cothp | € I phase p p
e o | e | sinc  tano': cota . csca | Vel | 1 % | Muc
'\ \/ﬁ_2—1 = = (oltd-tfasl;loned Cp = > 5
| B s (1 R N N
c | VB | 1 | g7 B | \1-B
air | L5 | 2206 22075 | 22080 2=125| 22133 2=167| 2=20 Momentum: /iK p,j450=P = \/
2 5 4 5 4 3 3 1 1—

DeBroglie (1921)




Using (some) wave parameters to develop relativistic quantum theory

| 2
—{v = Bcosh p)= B+5 Bp~ (for u<c - !
QLase @ 2 Bp7( ) coshp=l+3p?= 1+%u—2 |
_@phase = Bsinh pl~ Bp (for u<c) | y
7 sinh p=p=—
— = tanhp =p (for u<c) ¢
< C Max Planck  Louis DeBroglie
1 B At 10W SpeedSZ B 1858-1947 1892-1987
2
Uphase = B+ 5—2u & for (u<c) = K phase = 5 U Uphase and Rphase Tesemble
¢ hB ¢ , formulae for Newton’s kinetic
Rescale vpnase by 1 so: M=—" or:hB = Mc? (The famons M 1M 2 and tum M.
'phase OY . 62 . shows up here!) CNergy u< and momentum Mu.
1L hB hB So attach scale factor /i (or hN)
N, ase=NB + 22 u- &ftor(ukce)= Ik ,pu ~2 U\ o match units.
2 1 '"2""""'"""""'"""'---------------------------------:_-_-_-_-_-_-_-_-_-_-_'L ral wave conspirac Expe;ZSlV]S??
h,, =Mc+—Mu~ <«for(uxc)= hx,, ~Mu  Creap tric
phase 2 ( ) phase Tr_)/ exact Uphase and /{phase...
" Need to relﬂl_agf‘;:thl) phase="1B cosh p =Mc*coshp
= = /1 with hNtodmat.ch Planck (1900) u 5
r0up bl?El];pl group U rou oy, Tgroup phas e.m. enel’gy enSlly T t 1 E C
g c T, c \E()E:XE i NUpase) |~ otal Energy: E _T \/
1 c This motivates the Einstein (190)5) l-u/c?
phase .
boorer V e particle” normalization

P anh) Smhp [ U gr=N = \/; hex phase: hBsinh p =Mc*sinh P

wlor 1 1/e* | sing tano} ot esco | Ne” | : | Muc
= \/ﬁ_z 1= - (old—fashloned Ccp =
_ — u
Ez 1-8 E 1 B 2_1 l 1+ \/1_62 notation) \/l—uz/cz
¢ | V1+B 1 B21 1 B 1-
. Momentum: hx =p=
Py 1o0s5] 2206 2=075| 22080 2=125| 22133 22167 2220 omentum: /1 phase p > 5
c 1> 4 5 4 3 3 1 DeBroglie (1921) +Jl=u”/c




Using (some) wave coordinates for relativistic quantum theory

Energ}' (E) Momentum
~J cp = Esinh(g)
RCT-t Energy
Mass (resting) .........
hB = hv M02 = hek
A — — A
Lnergy
h pase= E = hv AC cosh p
Momentum .
heK ppase=CP =hek 4 sSinhp = th sinhp

Energ % VerSléS Momentum
E2=(Mc2) cosh? P

- (w2 (vssinn?p ) )

2

(aNExact Einstein- Planck Dispersion
matter wave:
positive rest energy Mc?
= ~- x E2 2 2 =( MCZ)Z
Ny, Energy %
. \\\ E=h(l) , , tachyon:
frame imaginary |
] X < .
u(};;ulugz(r;;;r(lg) \\\ j phOl‘Ol’l.
. 7 zero n
. 7 E=+cp
-~ O Momentum
| Per-Space (¢cp, . \\ . X .’ . \ : \ Icp I=ﬁICl<_L
. N\

Bohr- Schrodmger Approximaio

W}, =490 ]

rfTv

-1-‘

36 H =

J92/2M

Neils Bohr
1885-1962

25

N\

16
9
4

A
energ)

m

States
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2
+(Cp)2 = E= i\/(Mcz) +(CP)2 = Mc*+

2
P
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Using (some) wave coordinates for relativistic quantum theory
xact Einstein- Planck Dispersion

Energy (E)

Rest Energy
B=w

Mass (resting) .........
hB=hv, = Mc2=hcr<A

Lnergy

hv phase™

E= th coshp

Momentum
hck

phase

Energ % VerSléS Momentum
E2=(Mc2) cosh? P

- (w2 (vssinn?p ) )

matter wave:

amiltonian
H(p) = Bcosh(p)

‘] Per-Space (¢cp,

Bohr- Schrodmgér Approxzma

a)m—49 | |
‘ 36| | B-= p2/2;w ./
\ ' 25 N

=cp =hcK 4 Sinhp= hv 4Sinhp

A
energy

%

energy

-6-4-4-3-2-1 012345 6\/

positive rest energy Mc?
E2 2 2 =( Mc2 )2
Ny Energy %
\\\\\ E—hﬂ) i : tachyon:
imaginary |
N
photon:
. \\ e ’ zero u
. 7 E=+cp
S < Momentum
\. ' cp=hck
\ NER\N N

sStates

2
P low\speed

2 2 /RS VAV
+(cp) =>E=i\/(Mcz) +(cp) =~ Mc +2M approximation



Relawavity variable tables

Jroup Jrou, K rou T orou, ase 0 er
group b gggpler group grouy group group group ph b BDL 5/;}
c v, A, K, T, c
1 c K phase T phase v phase A’phase c 1
phase bD()ppler V l V bD()ppler
BLUE phase KA TA DA A group RED
rapidity -p . +p
, e tanh p sinh p sech p cosh p cschp coth p e
e o | 1/e” | sino tano coSo seco coto csco | 1/e™”
pt 1-f B 1 J1-B 1 B7-1 1 1+
c 1+ 1 B2-1 1 1-B 1 B 1-B
| 3 3 4 5 4 5 2
g‘;’gj;‘” —=0.5 | ==0.6 —=0.75 —=0.80 —=1.25 —=133 —=1.67 | —=2.0
2 5 4 5 4 3 3 1
- A . (Einstein) .
effects | bl Verou ap ;IS’;Zt ere x-contraction" """ ;dlla_lzgl’; sion | inverse Jp Dorpler
RED (Oﬁc)_;,-a gonal Volr ohase~ CORLTaction (05%22 - asymmetry phase BLUE
Lorentz-transform) Lorentz-transform)
Relativistic quantum mechanics variable tables
group poewler | _grow Ogrowp % Krou Lorow Vphase b Dovvler
c v, 3 K, T, c
p hase 1 c K phase T phase v phase A’ phase c 1
bDoppler V K T L /’L V bDoppler
BLUE phase A A A A group RED
rapidity -p . +p
; e tanh p sinh p sech p cosh p cschp coth p e
e« | 1e™ | sino tano cOSO seco coto csco | 1/e”
u 1-B B B J1-B° 1 JI-B 1 1+f
¢ 1+p 1 132 1 1-p> B p 1-p
| 3 3 4 5 4 5 2
g’zlzfsﬁ’" —=0.5| —==0.6 —=0.75 —=0.80 —=1.25 —=1.33 —=1.67 | —=2.0
2 5 4 5 4 3 3 |
functions Veory= momentum -Lagrangian ~ Hamiltonian | DeBroglie V.=
ctanhp cp=Mc’sinhp | L=-Mc’sechp H=Mc’coshp | A=acschp ccoth
p cp p P P P

RelaWavity Web Simulation - Relativistic Terms (Expanded)



https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=8,7

Review: Relawavity p functions and plots vs. p

Derivation of relativistic quantum mechanics
3 What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations
Poincare’ and Hamilton-Jacobi equations



Definition(s) of mass for relativity/quantum  Given: Energy: E=Mc’coshp

= hv
phase
Rest Mass Mes: (Einsteiéa 5 mass) Defines invariant hyperbola(s) momentum: cp =Mc? sinhp
= — — 2
hB th Mc hCKA E = i\/(Mcz) +(Cp)2 = hCKphase
dv

velocity: u=ctanhp = o
K

e What's the matter with Mass?

Shining some light on the elephant in the spacetime room



Definition(s) of mass for relativity/quantum  Given: Energy: E=Mc’coshp

=hv
phase
Rest Mass Myest (Einsteizn § mass) Defines invariant hyperbola(s) momentum. cp=Mec*sinhp
hB=hv, = Mc” = hck 2 2
A A E= J_r\/( MCZ) +(cp) = NOK pase
hvphase Rest | T
C2 :Mrest Mass VQIOCllj/.' U zctanhp — d—K

e What's the matter with Mass?

Shining some light on the elephant in the spacetime room



Given: Energy: E =Mc? cosh p

Definition(s) of mass for relativity/quantum

= hv
phase
Rest Mass Mes: (Einsteig 5 mass) Defines invariant hyperbola(s) momentum: cp =Mc? sinhp
hB=hv, = Mc™ = hck 2 2 onneeee e
A A E = i\/(MCZ) +(Cp) ST e R CELEE L LR PPLEEEE ; — hCKphase
AU phase Rest E . dv
6'2 =M o5 Mass velocity: u=¢ tanhp - dic

Momentum Mass Muom (Galileo’s mass) Defined by ratio p/u of relativ:istic momentum toi group velocity.

p — Mrestc Slnh p

Shining some light on the elephant in the spacetime room



Given: Energy: E =Mc’ cosh p

Definition(s) of mass for relativity/quantum

= hvphase
Rest Mass Myes: (Emstem 5 mass) Defines invariant hyperbola(s) momentum: cp =Mc? sinhp
hB hU MC — hCK 2 o) LTI LIELCILILELIELTE
- * k= i\/(Mcz) HeP)™ L =K pase
hvphase Rest . dv
C2 :MI’BSI MClSS ; VQZOCZW' lf----c-'-t-g-l-r-lhp — d_K.

Momentum Mass Miom ( Galileo s mass) Defined by ratio p/u of relat1v1stlc momentum to group velocity.

M
[ =M,,,coshp= rest MOA’/’ZZ’;”W’J




Definition(s) of mass for relativity/quantum  Given: Energy: E=Mc*coshp
=hv

phase
Rest Mass Myest (Einsteizn § mass) Defines invariant hyperbola(s) momentum: cp=Mc? sinhp
hB=hv, = Mc” = hck 2 2
A A E= J_r\/( MCZ) +(cp) = NOK pase
hvphase Rest | T
02 :Mrest Mass VQZOCllj/.' U zctanhp — d—K

Momentum Mass Muom (Galileo’s mass) Defined by ratio p/u of relativistic momentum to group velocity.

M nom = °= Mg CSIRP Limiting cases: M . om e Mrestep/z
u ctanh p ; ;
=M hp= Mrest Momentum mom u<e | rest
= Wlrest COSIP = 2, 2 Mass
\/ l—-u“/c (Va5 5




Definition(s) of mass for relativity/quantum  Given: Energy: E=Mc*coshp
=hv

phase
Rest Mass Myest (Einsteizn § mass) Defines invariant hyperbola(s) momentum: cp=Mc? sinhp
hB=hv, = Mc” = hck 2 2
A A E= J_r\/( Mc2) +(cp) = NOK pase
hvphase Rest | T
C2 :MI’BSI Mass VQZOCllj/.' U zctanhp — d—K

Momentum Mass Muom (Galileo’s mass) Defined by ratio p/u of relativistic momentum to group velocity.

M nom = °= Mg CSIRP Limiting cases: M . om e Mrestep/z
u ctanh p ; ;
=M hp= Mrest Momentum mom  y<c rest
= Wlrest COSIP = 2, 2 Mass
\/ l—-u“/c (Va5 5

Effective Mass M.; (Newton s mass) Defined by ratio F/a=dp/du of relativistic force to acceleration.




Definition(s) of mass for relativity/quantum  Given: Energy: E=Mc*coshp

= hv
phase
Rest Mc;fg Mr;:t (Ein;;eiéa 5 n}f;ass) Defines invariant hygerbola(s) momentum: cp =Mc? sinh 0
— Up = MC =K E= i\/(Mcz) +(cp)2 = heK ppase
AU phase Y Rest L dv
=M ey o velocity. u=ctanhp = o
C Mass
Momentum Mass Myom (Galileo's mass) Defined by ratio p/u of relativistic momentum to group velocity.
M., ..csinh U :
M, . = 5 — ’:i; ohp p Limiting cases: M, — >M ., teP /2
Mmom > Mrest
M Momentum e
=M rest cosh p — = M.
\/1 _ 272 ass

Effective Mass M.; (Newton s mass) Defined by ratio F/a=dp/du of relativistic force to acceleration.

That 1s ratio of change dp=MCc coshp dp in momentum to change du=c sech?p dp 1n group velocity.



Definition(s) of mass for relativity/quantum  Given: Energy: E=Mc*coshp
=hv

phase

Rest Mass Myest (Einsteig § mass) Defines invariant hyperbola(s) momentum:  cp=Mc?sinhp
hB =hv, = Mc™ = hek 2 2
A A E = i\/ (Mcz) +(cp) — hCKphase
hvphase Rest | T
C2 :Mrest Mass VQZOCllj/.' U zctanhp — d—K

Momentum Mass Myom (Galileo's mass) Defined by ratio p/u of relativistic momentum to group velocity.

_P Mrestcsnlhp Limati : N
M, == imiting cases: M, sM,,.e PIo
U ctanh p U—c
Mmom > Mrest
- M hp = M,, Momentum U<xc
= Mress COSIP = 2, 2 Mass
\/ 1—u“/c ——

Effective Mass M. (Newton s mass) Defined by ratio F/a=dp/du of relativistic force to acceleration.

That 1s ratio of change dp=Mc coshp dp in momentum to change du= = sech?p dp 1n group velocity.

dp ccoshp -~
M off = ”

=M

—M cosh’ p :
csech? o J O e E

rest



Definition(s) of mass for relativity/quantum  Given: Energy: E=Mc*coshp
=hv

phase
Rest Mc;fl; Mr}elst (Em;;em 5 n}f;ass) Defines invariant hygerbola(s) momentum: cp =Mc? sinh 0
VA ¢ Ka E= i\/(Mcz) +(cp)2 = heK ppase

AU phase Y Rest L dv
=M ey o velocity. u=ctanhp = o

C Mass
Momentum Mass Myom (Galileo's mass) Defined by ratio p/u of relativistic momentum to group velocity.

M., ..csinh U :
M, . = S = ’:i; ohp p Limiting cases: M, — >M,,..e )
Mmom > Mrest
M Momentum e
=M, coshp = —
\/1 _ 272 Mass

Effective Mass M. (Newton s mass) Defined by ratio F/a=dp/du of relativistic force to acceleration.

That 1s ratio of change dp=MCc coshp dp in momentum to change du=c sech?p dp 1n group velocity.

d h . | \ :
Meﬂ ap —M CCOS P(M tcosh3p Jlemng cases: Meﬂ ’Mreste o)

A rest res e
csech PL Effective Mass M > M

UL rest




Definition(s) of mass for relativity/quantum  Given: Energy: E=Mc*coshp
=hv

phase

Rest Mass Myest (Einsteizn § mass) Defines invariant hyperbola(s) momentum:  cp=Mc?sinhp
hB =hv, = Mc™ = hek 2 2
A A E = i\/ (Mcz) +(cp) — hCKphase
hvphase Rest | T
02 :Mrest Mass VQZOCllj/.' U zctanhp — d—K

Momentum Mass Myom (Galileo's mass) Defined by ratio p/u of relativistic momentum to group velocity.

_P Mrestcsnlhp Limati : N
M, == imiting cases: M _ sM ., el /2
u ctanh p e
Mmom > MreSt
y o= M, Momentum u<c
= Mrest COSIP = 2, 2 Mass
\/ 1—u“/c ———

Effective Mass M. (Newton s mass) Defined by ratio F/a=dp/du of relativistic force to acceleration.

That 1s ratio of change dp=MCc coshp dp in momentum to change du=c sech?p dp 1n group velocity.

_dp ccosh p 3 imiti ; > P

M eff — du =M, (M rosy COSH™ P Limiting cases: M eff  u—c M€ 12
csech pL Effective Mass M > M
e U< 4 rest
More common derivation using group velocity: u=V,,,,= CZ; j:
M. = dp hdk _ h _ i _ M rest
off = YN 3/2
du dVgroup id—w d"® (1— u’ /62)
dk dk dic>



Definition(s) of mass for relativity/quantum  Given: Energy: E=Mc*coshp
=hv

phase
Rest Mc;f]; Mr}elst (Em;;em 5 n}f;ass) Defines invariant hygerbola(s) momentum: cp =Mc? sinh 0
VA ¢ Ka E= i\/(Mcz) +(cp)2 = heK ppase

M phase Rest . dv
=M Jr ot Group velocity. u=ctanhp = o

C Mass
Momentum Mass Myom (Galileo's mass) Defined by ratio p/u of relativistic momentum to group velocity.

M., ..csinh U :
M, . = S = ’:i; ohp p Limiting cases: M, — >M,,..e )
Mmom > Mrest
M Momentum e
=M, coshp = —
\/1 _ 272 Mass

Effective Mass M. (Newton s mass) Defined by ratio F/a=dp/du of relativistic force to acceleration.

That 1s ratio of change dp=MCc coshp dp in momentum to change du=c sech?p dp 1n group velocity.

dp ccosh p 3 SO . . 3p
Meﬁ du =M, (Mrest cosh™p Limiting cases: Meﬂ U—c >M o€ /2
csech PL E[fective Mass M ” s M
e H<EC 4 rest
More common derivation using group velocity: u=V,,,,= le(lf Zz
poTnie . @ .
dp hdk h /A M 3
M g = ~d do 2, 575 =M ey cOSIp
du dVgroup __CO d CO; (1—u2 /62)
dk dk i g2 k Effective Mass )
. do

: general wave formula to accompany V0= T



Definition(s) of mass for relativity/quantum

Rest Mass Myes: (Einstein s mass)

Finite-mass M

dispersion
function hw(c

hB=hv, = Mc* = hek
hv phase M hCK phase Rest
-2 —Mrest = -2 Mass
Momentum Mass Myon (Galileos mass) Defined by p/u
_P M rest© sinh p
Mmom = =
U ctanh p
M
=M., coshp= rest Moj\n}entum
\/1_ 42 /2 ass

Effective Mass M. (Newton's mass) Detined by F/a=dp/du

E(p)

Mc2=E minimum

radius of curvature

/07

That is ratio of dp=Mc coshp dp to change du=c sech2p dp in velocity ' b 5

E=hw
2
2,
p
o)
C
%,
7/
N Y
o\ = Q
e\ < K
N /3

momentum
<

Y

group

O\\\D veloci 74

d h
M 5 = = =M o5 ceoshp(_ =M o5 cosh’p
du csech PL Effective Mass
L : : do _dv
More common derivation using group velocity: u=V,,,,,= T de
dp  hdk noo [ k
_ap _ 3
M 5 = “d do s "5 =M ey cOSHT P
du dngup ——w 4o (1— u? /(32)
dk dk ﬁ k Effective Mass )
------------- adow

to accompany V,

group :%

Effective mass 1s
proportional to the
radius of curvature

of w(k) dispersion.

cp=hck



Definition(s) of mass for relativity/quantum

How much mass does a y-photon have?

Newton complained about
e h his “corpuscles” of light having
K v €€ ) °
Momentum Mass (b)y-momentum mass: M7, =L ="2= > fits " (going crazy).
C C C
V(L (All this would be evidence of triple Schizophrenia.)

Rest Mass (a)y-restmass: M!, =0,<

Effective Mass (c)y-effective mass: M 27: oo,

MY = h—;’ =0(1.2-10°Ykg-s=45-10%kg (for: v=600THz)

mom
C

Pirell1 site discussion of optical mass-energy

https://pirelli.hosted.uark.edu/html/light_energy flux 1.html

Pirell1 site discussion of Wave amplitude effects

https://pirelli.hosted.uark.edu/html/amplitude_probability 1.html



https://pirelli.hosted.uark.edu/html/light_energy_flux_1.html
https://pirelli.hosted.uark.edu/html/light_energy_flux_1.html
https://pirelli.hosted.uark.edu/html/amplitude_probability_1.html
https://pirelli.hosted.uark.edu/html/amplitude_probability_1.html

Review: Relawavity p functions and plots vs. p

Derivation of relativistic quantum mechanics
What’s the matter with mass? Shining some light on the Elephant in the room
> Relativistic action and Lagrangian-Hamiltonian relations
Poincare’ and Hamilton-Jacobi equations



Relativistic[action S)and Lagrangian—Hamiltonian relations

-t
-

-
-="
-
-
-
-="
-
-
-
-
-
- -
_____
-
-="
-
-
-
-
-
-="
-
-
-

" hv=Mc*=hcic )| Prior wave relations ( aw ,=Mc?=hck , A
MU ppase= E =hvy coshp [—linear Hz  angular phasor— 7@ ...~ E=hw, coshp f = i
hek y50=cp =hv sinhp format format _ hck ), ~cp =hw ,sinhp 2T




Relativistic[action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/x-wt=/'x"-w't’ for wave of k=/k,j.5c and w=wpiase.

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation

do d
L=h===hk——ha_ =
dt e d 27
p= hk;MC sinh p E = hiw= Mc*cosh P

" v =Mc>=hex ) Prior wave relations (- zw =Mc =hck,, A
MU pese= E=hV, coshp —linear Hz  angular phasor— hmphase E=hw ,coshp f = i
NCK ase=Cp =hV sinhp | format format hick,=cp=hw,sinhp ) 21




Relativistic[action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/x-wt=/'x"-w't’ for wave of k=/k,j.5c and w=wpiase.

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation

do dx dx h
L= h——hk——ha) X _E=pi-E h=—
dt o dt - _dt u 27
p= hk;MC sinh p E = hiw= Mc”cosh p

" v =Mc>=hex ) Prior wave relations (- zw =Mc =hck,, A
MU pese= E=hV, coshp —linear Hz  angular phasor— hmphase E=hw, coshp
ek g =cp =hv, sinhp format format _ fick 5 =cp =ho 4 sinhp |




Relativistic(action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/lx-wi=/,'x'-\'t’ for wave of k=, e and w=wmhase.
grang g P P p

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=E

dd dx dx Legendre
L=h—2= hk— — ha) p ——E=px—E= [pu H=L transformation
dt .- dt . dt
p= hk=Mcsinh p E = how= Mc*coshp=H
" hv,=Mc*=hck | Prior wave relations (- zw =Mc2=hck,, A
MU pese= E=hV, coshp —linear Hz  angular phasor— hmphase E=hw, coshp f = i
NCK ase=Cp =hV sinhp | format format hick,=cp=hw,sinhp ) 21




Relativistic[action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/lx-wi=/,'x'-\'t’ for wave of k=, e and w=wmhase.
grang g P P p

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=FE

dD dx dx . Legendre
L=h—=hk——-hw=p——-E=px—FE E[pu—H: L transformation j
dt dt dt dx
Use Group velocity :u =E:ctanh P
p = hk=Mcsinh p E=hw= Mc’coshp=H
" hv,=Mc*=hck | Prior wave relations ( #w ,=Mc*=hck , A
N pase= E =0y C(?Sh p |—linear Hz  angular phasor—| 7® .= E =hw, coshp f = i
\hCKphase:Cp :hUA Slnhp ) format format L thphase:Cp :th Sinhp) 27T




Relativistic(action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/lx-wi=/,'x'-\'t’ for wave of k=, e and w=wmhase.
grang g P P p

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=FE

dD dx dx . Legendre
L=h—=hk——-hw = p——E=px—FE E[pu—H: L transformation J
dt dt dt ax
e USC GTOUp Velocity u=— =ctanh p
p = hk=Mcsinh p  E=ho=Mccoshp=H
L= pu—H =(Mesinh p)(ctanhp)—Mc* coshp
" hv,=Mc*=hck | Prior wave relations ( #w ,=Mc*=hck , A
N pase= E =0y C(?Sh p |—linear Hz  angular phasor—| 7® .= E =hw, coshp f = i
\hCKphase:Cp =hv 4 sinhp ) format format | Tick ., =cp =hw ,sinhp 21T




Relativistic[action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/lx-wi=/,'x'-\'t’ for wave of k=, e and w=wmhase.
grang g P P p

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=FE

dD dx dx . Legendre
L=h—=hk——-hw = p——E=px—FE E[pu—H: L transformation j
dt dt dt 7
e USC GTOUp Velocity u=— =ctanh p
p = k=Mecsinh p . E=hw=Mc’coshp=H
L= pu—H =(Mesinh p)(ctanhp)—Mc*coshp
sinh?p — cosh
= Mc’ P P_ _ Mc’sechp
coshp
, —1
L is:Mc’ = — Mc’sechp
coshp
" v =Mc?=hcic \| Prior wave relations ( aw ,=Mc?=hck , A
MU pese= E=hV, coshp —linear Hz  angular phasor— ne p.se= E =hw, cosh p f = i
\hCKphase:Cp =hv 4 sinhp ) format format | Tick ., =cp =hw ,sinhp 21T




Relativistic[action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/lx-wi=/,'x'-\'t’ for wave of k=, e and w=wmhase.
grang g P P p

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=FE

dD dx dx . Legendre
L=h—=hk——-hw = p——E=px—FE E[pu—H: L transformation j
dt dt dt il
e USC GTOUp Velocity u=— =ctanh p
p = hik=Mesinh p  E=hw=Mc’coshp=H
L= pu—H =(Mcsinh p)(ctanhp)— Mc’coshp Note: Mcu=Mec" tanhp
sinh’p — cosh s
= Mc’ P P_ _ Mc’sechp
coshp T
Compare Lagrangian L 2
L=h®= —Mcz\/l——zi = —Mc’sechp
C
" hv,=Mc*=hex )| Prior wave relations ( #a ,=Mc*=hck, A
MU ,pase= E =0y C(?Sh p [—linear Hz  angular phasor— A® 4= E =, coshp |z i
\hCKphase:Cp =hv 4 sinhp ) format format _ fick 5 =Cp =h , sinhp | o1




Relativistic[action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/lx-wi=/,'x'-\'t’ for wave of k=, e and w=wmhase.
grang g P P P

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=FE

dD dx dx . Legendre
L=h—=hk——-hw = p——E = px—E E[pu—H: L transformation j
dt dt dt g
e USC GTOUp Velocity u=— =ctanh p
p =hk=Mcsinh p  E=ho=Mc’coshp=H
L=pu—H = (Mcsinh p)(c tanh p)— Mczcoshp ________________ Note: Mcu=Mc" tanhp
sinh’p — cosh
= Mc’ P P_ _ Mc’sechp
coshp
(Compare Lagrangian L 2 h
L=hd= —M(:z\/l——2 = —Mc” sechp
C
with Hamiltonian H=E .
H=hw=Mc*/ ,J1-= = Mc’coshp
C
N J
" hv,=Mc*=hcic, ) Prior wave relations ( ze ,=Mc2=hck , A
MU ppase= E =hvy coshp [—linear Hz  angular phasor— 7@ ...~ E=hw, coshp f= i
th;(phasech =hv 4 sinhp ) format format _ hick . =cp =ho , sinhp 27T




Relativistic action § and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/lx-wi=/I'x'-\'t’ for wave of k=, . and w=wmhase.
grang g P P P

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=FE

dD dx dx . Legendre
L=h—=hk——-hw = p——E = px—E E[pu—H: L transformation j
dt dt dt b
e USC GTOUp Velocity u=— =ctanh p
p =lik=Mesinh p  E=hw=Mccoshp=H
L=pu—H = (Mcsinh p)(c tanh p)— Mczcoshp ________________ -~ Note: Mcu=Mec” tanh p
sinh®p— Cosh
= Mc* P P_ _ Mc?*sechp .
coshp Also: ep=Mc” sinhp
(Compare Lagrangian L 2 )
L=h®= —M(:z\/l——2 = —Mc’sechp
C
with Hamiltonian H=E .
H=hw=Mc*/ ,J1-= = Mc’coshp
C
=Mcz\/1 + sinh 2,0 =M02\/1+(cp)2
N J
: h=h/2mw , ..
" h,=Mc*=hex ) Prior waveTelations [ zw ,=Mc2=nck , h
MU ppase= E =hvy coshp [—linear Hz  angular phasor— 7@ ...~ E=hw, coshp f = i
ch’fphasech =hv 4 sinhp ) format format _ fick . =cp =h@ , sinhp o0




Relativistic[action S)and Lagrangian-Hamiltonian relations

Define Lageraneian L using invariant wave phase ®=/kx-wt=/I'x'-J't for wave of k=l .. and w=wyhase.
D D

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=FE

dS dd dx dx Legendre
[— ZZJE h—=hk——hw = pP—— E = p)'c— E E[pu —H =L transformation j
e Use Group veloci __;_u_fzéq_t@_r_l_hp
E=hw= Mc’coshp=H =csino

p =hk=Mcsinh p

— Mc’sechp

coshp

~

Note: Mcu=Mc’ tanhp

= Mc*sino

Also: cp=Mc” sinhp

(Compare Lagrangian L > —hok= Mc? tano
: : U
(S=L=nd)xr — M \/1 —— = —Mc?sechp =—Mc’coso
C .
with Hamiltonian H=E " Including
H=hw=Mc*/ J1-= = Mc’coshp = Mc*seco stellar
C angle o
=Mc’\/1+sinh*p =Mc*\/1+(cp)’
(Deﬁne Action S=h<}[>> \/ P \/ (cp) y
" h,=Mc*=hck 1 Prior wave relations ( 7w ,=Mc?=hck, h
hvphase: E=hv,coshp |—linear Hz  angular phasor— hwphase: E=hw,coshp f = i
hei py50=cp =hv 4, sinhp format format ik . =Cp =N 4 sinhp | 21




Phase Velocity
Bc/u = Bcoth(p)

=Bcs

Re\st Energy

p-cfrcle

cle

Broglie Wavelength
Mo = Beseh(p) =Bcoto

—Coé}diﬁ_été angle v=atan(u/c) 0@0“
______ RN L NS
e N L 10 N\
Stellar aberration angle o=asin(u/c) ) Z9
AR / !
P “ //
/
\ '6&4 c
WS
. Momentum E' )
cp - Bsinh(p) . H-*Mc coshp Mc*+ Mu’
.~ =DBta T
: }-an{il ian DoBrocllc deolcnc th
/ =
e er B
i X \N
/ ‘-Laqranqlan \ Q)Oy p
-L( ) = BEsech(p)= Bco o (\%e \cz&
" Sy, %‘0 o
: | /0\\1(63 $‘\pj %\'60
: “ It \(? ff‘ /
Group V'plocity>v v NN '6\7
u/c = Btanh(p)=Bsino | Ny
|
\
Phase Velo Ity
/v = Beoth(p)=Besco
=-Mc“sechp |="-Mc“+Mu“/2+...

RelaWavity Web Simulation
{Physical Terms - All Terms}



https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=4,8
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=4,8
https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=4,8

Review: Relawavity p functions and plots vs. p

Derivation of relativistic quantum mechanics
What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations
%  Poincare’ and Hamilton-Jacobi equations



Relativistic[action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/lx-wi=/,'x'-\'t’ for wave of k=, e and w=wmhase.
grang g P P P

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=FE

dS d D d dx Legendre
[ ] h— = hk—x—ha) p——E px—FE = [pu—H:L transformation j

dt dt dt dt

(Compare Lagrangian L 2 )
CSZ LZhd)): —]\462\/1——2 = —Mc* SeChp:—Mczcosa
C
with Hamiltonian H=E .
H =hw = Mc* 1— — = Mc? coshp = Mc’seco
C
. =Mc’\/1+sinh*p =Mc*\/1+(cp)’
(Deﬁne Action S=h€[>) \/ \/ y

" h,=Mc*=hck 1 Prior wave relations ( 7w ,=Mc?=hck, h
MU ppase= E =hvy coshp [—linear Hz  angular phasor— 7@ ...~ E=hw, coshp f = i
hCK phase=CP =hv 4 sinhp ) format format | hick s =cp =ho , sinhp 2T




Relativistic(action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/lx-wi=/,'x'-\'t’ for wave of k=, e and w=wmhase.
grang g P P p

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=FE

dS A D d dx Legendre
[ :[J h—_hk—x—ha) p——E px E = [pu—H:L transformation j

dr d di dr

(@S = Ldt = hd(@: hkdx —hwdt = pdx— H dt (Poincare Invariant action diﬁerentialj

- Y
(Compare Lagrangian L 2 )
CS= L= h(I)): —]\462\/1——2 = —Mc* SeChp:—Mczcosa
C
with Hamiltonian H=E .
H =hw = Mc* -— = Mc* cosh P = Mc’seco
C
: =Mc’\/1+sinh’p =Mc*\|1+(cp)’
(Deﬁne Action § =h€[>) \/ \/ y

" v =Mc?=hcic \| Prior wave relations ( aw ,=Mc?=hck , A
MU ppase= E =hvy coshp [—linear Hz  angular phasor— 7@ ...~ E=hw, coshp f = i
NCK ase=Cp =hV sinhp | format format _hck . =cp=hw,sinhp ) 21




Relativistic(action S)and Lagrangian-Hamiltonian relations

Define Lagrangian L using invariant wave phase ®=/lx-wi=/,'x'-\'t’ for wave of k=, e and w=wmhase.
grang g P P p

Use DeBroglie-momentum p=hk relation and Planck-energy E=hw relation to define Hamiltonian H=FE

ds dd dx dx Legendre
[E ZZJE hz — th— ho = pE— E= p)'c— E E[pu —H=L transformation j
Use Group velocity :u =%:ctanh P
(@S = ldt = hd(@: hkdx—hodt = pdx—Hdt (Poincare Invariant action diﬁerentialj
a_S — p a_S :_H (Hamilton—JaCObi equatians)
dx o QT "
e Y,
(Compare Lagrangian L 2 h
CS = = hq)): — Mcz\/l —-— = —Mc’ sechp = —Mc’coso
C
with Hamiltonian H=E ”
H=hw= Mc’/ [1-— = Mc’coshp = Mc’seco
C
=Mc’\J1+sinh’p =Mc*\/1+(cp)”
(Deﬁne Action S=h€[>) ¢ \/ P ‘ \/ (cp) y
" v =Mc?=hcic \| Prior wave relations ( aw ,=Mc?=hck , A
N pase= E =0y C(.)Sh p |—linear Hz  angular phasor—| 7® .= E =hw, coshp f = i
\hCKphase:Cp :hUA Slnhp ) format format L thphase:Cp :th Sinhp) 277:
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Relativistic optical transitions CMwBANG! Unit 8 Fig. 7.1 and 7.2

(a) Grotian 2-level diagrams M
M ™
Orm Y14
L’ L’

(b) Feynman (®,ck) diagrams

A o (I-photon) M
L™

WOmr”
L -
3
&
&

M-to-L’ L’-to-M L-to-M’ M’-to-L
emission absorption absorption emission

(a) 2-Level (w,ck) “baseball” diamonds

KEY: m=mid-level

(=Ilow-level vOLM
mid to low . ® sinhp
m to ! tramsition gives photon no ~E ote?
2

(b) (w,ck)
vector sum
(energy-
momentum
conservation)




Relativistic optical transitions CMwBANG! Unit 8 Fig. 7.1 and 7.2

(a) Grotian 2-level diagrams M
M ™
O™ \ ﬂ 7 £ T N 2 SNV >
b AVAVAVAVA
L’ L’
(b) Feynman (®,ck) diagrams

https://pirelli.hosted.uark.edu/html/poincare_inv_2.html
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L -
3
&
&

https://pirelli.hosted.uark.edu/html/compton_1.html

M-to-L’ L’-to-M L-to-M’ M’-to-L
emission absorption absorption emission

(b) (o,ck)

vector sum

(a) 2-Level (w,ck) “baseball” diamonds

KEY: m=mid-level

(=low-level NOLM (energy-
mid to low | A o sinhp Z/’()On'?(fxzzzn)
m to ! tramsition gives photon... no ~E AP ote?

M Omr N

...and balancing atomic jump

h(of
\; _ /,

(momentum-energy conservation @
®

-
1a a wave coherence effect) ?/ © coshp=o| (e P+e*?)
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3-Level example
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KEY: h=high-level _ :
=2 ] Tl 4 Revze.woof. Thales geometry of,
/=low-level hw =E(cp) relativistic hw(ck) or E(cp)-space

&
C,.
%
3
\l

(UI)I Sinh p P!/

+
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4 /
3~ Om€ =,
| [ | | |
2 3 _
Doppler RED factor: 3¢ g Doppler BLUE factor: 7 = e P hck =cp
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KEY: h=high-level _ :
i mid Tove] 4 Revze.woof. Thales geometry of,
/=low-level hw =E(cp) relativistic hw(ck) or E(cp)-space

€+p: 3 — wh

3 _ otP hck =cp
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Doppler RED factor: 3 e’ Doppler BLUE factor:



Relativistic optical transitions |kigh)=|w,) &/ |mid)=|e,) 2 |low)=|o,)

KEY: h=high-level _ :
=2 ] Tl 4 Revze.woof. Thales geometry of,
/=low-level hw =E(cp) relativistic hw(ck) or E(cp)-space

Qh--;' 5

Initial stationary
UE K thing wh—MthZ

L/ - m;»-_.—m_zr - ; C 0,,Le+ pP_ 3 = ®,
1 S
=
% =m,e/ = [ 4
l | ‘ | | I
Doppler RED factor: % =e P Doppler BLUE factor: % =¢*P hck =cp



Relativistic optical transitions |kigh)=|w,) &/ |mid)=|e,) 2 |low)=|o,)

KEY: h=high-level _ :
=2 ] Tl 4 Revze.woof. Thales geometry of,
/=low-level hw =E(cp) relativistic hw(ck) or E(cp)-space

wh: =

Initial stationary

+
@, e = 3= W,

4 / -
3 =w,e F= a)g
| R | | |
2 3 _
Doppler RED factor: 3¢ g Doppler BLUE factor: 7 = e P hck =cp
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KEY: h=high-level _ :
=2 ] Tl 4 Revze.woof. Thales geometry of,
/=low-level hw =E(cp) relatzvzstzc'hw(ck) or E(cpj-space
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UE K thing wh—MthZ

+
(Ume P 3= 6oh

24
L4
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L4
L4
X4

\ 4

2 3 L
Doppler RED factor: 3¢ g Doppler BLUE factor: —=¢€" " hck =cp
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Relativistic optical transitions |kigh)=|w,) &/ |mid)=|w,) 2 [low)=|o,}
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GREEN K, atom P of
and left moving ph\omn N emission
process
4 A
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| S
S

w | &

=, el ’=w,

| l [ | | |
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2 p 3 4p
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Relativistic optical transitions |high)=|e,) &/ |mid)=|o,,) 2 |low)=|o,)
Review of Thales geometry of 4
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y Recoil from emitting an
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@ELLOW Khm “photon” whm=c| Kpm |=meinhp
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UE K thing wi=Miic? "

v / g Feynman

[ransitions by eml-ssmn OolL...... | | diagram
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N process
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o= o | Classical (and spectroscopic) f, ) ¢eP=3 =w,
: ) e g
'%: Energy-momentum conservation
] - is due to
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3= P= w, quantum-phase space-time
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\_ Y,
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Relativistic optical transitions |high)=|w,)

hw =E(cp)

w | &

=W,

C)_p: a)g

4 . A
lake-away point 2

Easy to compute

recoil rapidity p

or recoil velocity u

Key recoil relations:

2
Doppler RED factor: 3

-

Doppler BLUE factor:

,TP— 3 =
_ = 0P =y w,le"=3 =w,
Ky 8 N
= p=1In My/M,,, Exact rebgoil rapidity
b or where: =<t = tanh p
C
u~clnMy/M,,

recoil

Low-utrecoir approximation where: p =
C

|

3 _ e+;; hek =cp
2




Relativistic optical transitions |kigh)=|w,) &/ |mid)=|w,) 2 [low)=|o,}
4

hw =E(cp)

lake-away point 3
Emission photons

are analogous to
rocket exhaust (not “bullets”)

( Vibwrnour=c exhaustln [Mnitia/ M, final ])
...and this process is reversible

Key recoil relations:

P 3 =
;‘ 0P =0 P 3 =0
o) AN
1 K p=1In My/M,,, Exactrecoil rapidity
., y, or where:
- T P_
3- Om€ "=y u~clnMy/M,,

recoil

Low-utrecoir approximation where: p =
C

| R | | |

hck =cp

2, 3 4
Doppler RED factor: 3 e Doppler BLUE factor: 5" e
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rest frequency : ‘"‘rq‘pidity :

wq = wmeqp P p =P P

=, e’ (sinh pp, cosh pp) (1,2)/ |
v

All-rational-fraction lattice
defined by discrete sub-group

of Lorentz Poincare Group

(Feynman path integrals defined
by group transformations)

(p,q)— coo;“dzf(zates

/

P Pa (Ckp,q ’ wp,q)

RelaWavity Web Simulation . ‘
Compton Scattering

Note: Not completely implemented}

-

(P@)~(R.L) ™
coordinate

transformations :

~ R-L R+L
p=—0 =",

R=p+q ,L=q—p

Doppler BLUE factor: % — é—p
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2nd Quantization:
( MU, ase=E=hv gcO8h p) is actually (hN U phase=ENy=hNV 4coshp with quantum numbers)

>

h - Frequency

gl
A

Energy

(

hv is actually hNvV

15t Quantization: N=1,2.3,..
Mode quantum number #n of half~-waves
N n=4 \/\/
" =i —hN e " E=hN
TAUNTAN,Y, E=hN,v E=hN,v =hN,V,
:_12/] N.z_: 6 2 N, = M NCJ/

|

=hck | cp \\ cp

J ‘ / ‘\\\ /ﬁﬁ“
} S \ /
| ' N 7
| ) c-Momentum = hc-Wavenumber

Boosted wave mode )
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B =
=8 | / wave —
| ) has invariant
| 7 mode number n x
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| // 4 contracted
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4 L=32
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i I 4 \ N
/ \J \ |III-I4(|II]3I|II[2I|II_I]|III |||:+|{| lJlrzllllJlr—?lllflllx

\
/
\

204 Quantization:
Photon number N oscillator quanta

\

,/ ’

|Cavity quantum electrodynamics

| .

) )
Take-away point 4

(CQED)
and spectra are analogous to
molecular rovibronic dynamics
with
rotation-vibration algebra
replaced by
Lorentz-Poincare-Dirac algebra

(and geometry!)

\_ J
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2nd Quantization: hv is actually hNv
(hvphasezEz hv 4cosh p) is actually( ANV, q5e=Eny=hNVcoshp  (N=1,2,..) )

— e N =1 _
E| N=dfar| — 2 L violet pnot
= ! > green photon
x_| red photons
g —=
2 =
sl N, =
3 n=1
o| red photons
£ N n=2
g green photo
o
@
N
= B —
S| N=I = N=0 "2
-} N =0 |} —
Q| red photon 3 _
o N, =0 |———l— e
2
N N =() | n=2 —ero-point energy
! 15t-Quantized Wavenumber (“kink” or momentum number)
ck =1 ck =2m ck =3 ck =4
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Laser up-tuning by Alice and down-tuning by Carla makes g-acceleration grid
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Acceleration by chirping laser pairs

Varying acceleration (General case)
From Lect. 35 ModPhys (2012)

Varying local acceleration p = p(7)

U= d_x = ctanh(7)
dt

dt dx dx dt
— = cosh p(7) =
drt dtr dt dt

X = cj sinh p(7) dt

ct = cjcosh p(T)drt

: T . .
Constant local acceleration p = 8°  "Einstein Elevator"

C
T ) T
ct = cjcoshg— drt X = Cj smhg— drt
C C
2 2
) T T
:C—smhg— :C—coshg—
g C g C

Previous examples involved constant velocity

Constant velocity p = p, = const. "Lorentztransformation"
ct = cj coshp, dt X = cjsinh p, dT

=cT cosh p, =cTsinh p,

—
Blue-chirping ||
Tunable Laser ||

—
Blue-chirping —|.
Tunable Laser ||

Tunable Laser ||

e
ue-chirping ||}
Tunable Laser I

= ctanh p(7)cosh p(7) = c¢sinh p(7)
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Chirping

Blue-chirping |.|| -

At x_s=x-ct
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Tunable Laser

Only green-light is seen by observers
on the greg accelerated trajectory

ct x

X

At x = x-ct At 1 W ‘

frequency is frequency is

e P etP .
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_ Tunable Laser

3

Chirping

Only green-light is seen by observers
on the green constant-g hyberbola

(x5t

X

>A
At

// X
0 €PN

s
v N

— X0 etp

o / " .
Jrequency iy O =00 €P foquency is . = e

N
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N

Tunable Laser

)/2=x = x() cosh(p)
)/2= ct = x() sinh(p)
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=—— |
Red-chirping
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Fig. 8.1 Optical wave frames by red-and-blue-chirped lasers (a)Varying acceleration (b)Constant g
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(b) Constant acceleration
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W =0 etP "4 '5 light

X years
p Red-chirp=w eP

:‘
Blue-fixed=w e"P |_I € Red-fixed=w e P i”

Alice Carla
Blue-chirp=w P
Blue-chirp=w,e™P
'Bob s future ue-chirp=w e
Blue-chirp=m, e P

Red-chirp=w e i”

Carla’s
chirps

-chirp=0,, H H

e _targetinitial [T chip—o
s (x.c)=(x).0) Red-chirp=w P h H
/ g . : AN ~Chirp=0,
f— ) % = Bob’ - \
ct =cT Alice’s ~chirp=0, ob’s Cl-time path *. Red-chirp=w ¢ P
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From Lect. 35 ModPhys (2012)
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(a) Constant acceleration g
Rapidity p vs proper time t

. Radius

=qT7/cC
ap=crt
Cct
x =a coshp”
S Q
=
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N
" ~Area X
— 2
a=a 0/2 5
< >
| CZ:CZ/g X

(b) Traveler paths of acceleration gq g
Al: g =g,e™” Bob: go—c— Carl: gﬂ—g0
Cl

Inertial fmme coom’mates
(xq p’ q p )=

a,e’(cosh pp,, sinh p/o1 PR
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Realtivity angle V

A more compact
circle-based geometry
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Per-space-time (V' ,ck) geometry of 2-CW vectors Space-time(cT' ,x) geometry of 2-CW paths
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