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

A running collection of links to course-relevant sites and articles

Physics Web Resources “Texts” Classes
Classical Mechanics with a Bang!
Comprehensive Harter-Soft Resource Listing —
: Quantum Theory for the Computer Age 2017 Group Theory for OM
UAF Physics YouTube channel o . B} ’
i Principles of Symmetry, Dynamics. and Spectroscopy 2018 AMOP
Learnlt Physics Web Applications ' . . _
Modern Physics and its Classical Foundations 2018 Adv Mechanics

Neat external material to start the class: AMOP Detailed Development of Relawavity

AIP publications .

AJP article on superball dynamics AMOP_Ch 0 Space-Time S n_1metr - 2019 o ]

AAPT summer reading Seminar at Rochester Institute of Optics, Auxiliary slides, June 19, 2018
These are hot off the presses: Springer AMO Handbook - Ch 32 - Harter-Reimer-2019

Sorting ultracold atoms in a 3D optical lattice in a realization of Maxwell’s demon - Kumar-Nature-Letters-2018
Synthetic three-dimensional atomic structures assembled atom by atom - Berredo-Nature-Letters-2018

Slightly Older ones: “Relawavity’ and quantum basis of Lagrangian & Hamiltonian mechanics:
Wave—particle duality of C60 molecules 2_CW laser wave - Bohrlt Web App

ftical vortex knots — One Photon at a Tim Lagrangian vs Hamiltonian - RelaWavity Web App

Older Links from Lectures 14-20 Older Links from Lectures 21-23
http:/thearmchaircritic.blogspot.com/2011/11/punkin-chunkin.html Advanced Atomic and Molecular Optical Physics 2018 Class #9, pages: 5, 61
http://www.sussexcountyonline.com/news/photos/punkinchunkin.html BoxIt Web Simulations
Shooting-range-for-medieval-siege-weapons-Anybody-knows Pure A-Type w/Cosine
https://modphys.hosted.uark.edu/markup/TrebuchetWeb.html Pure B-Type w/Cosine
https://modphys.hosted.uark.edu/markup/TrebuchetWeb.html?scenario=MontezumasRevenge Pure B-Type w/Freq ratios
https://modphys.hosted.uark.edu/markup/TrebuchetWeb.html?scenario=Seige OfKenilworth Mixed AB-Type 2:1 Freq ratio
The trebuchet, Chevedden, Sci Am 1995 Pure A-Type A=4.9, B=0 ,C=0, & D=4.0
‘Simple’ Pendulum Sim: https://modphys.hosted.uark.edu/markup/PendulumWeb.html Pure B-Type: A=4.0, B=-0.2, C=0, & D=4.0
‘Cycloid’ Pendulum: https://modphys.hosted.uark.edu/markup/CycloidulumWeb.html Pure C-Type A,D=4.055, B=0, C=0.1
Google search on: "Satelite view of Patricia" (Images) Mixed AB-Type w/Cosine
Physics Girl Channel - Fun with Vortex Rings in the Pool Mixed AB Type A=4.0, BU2=0.866..., CU2=0, & D=1.0 w/Stokes & Freq rats
iBall demo - Quasi-periodicity: https://youtu.be/ jntDtULxDc Mixed AB Type A=5.086 B=-0.27 C=0 D=2.024 w/Stokes plot
https://modphys.hosted.uark.edu/markup/CoulltWeb.html?scenario=SynchrotronMotion Mixed ABC Type A=4.833 B=0.2403 C=0.4162 D=4.277 w/Stokes plot
https://modphys.hosted.uark.edu/markup/CoulltWeb.html?scenario=SynchrotronMotion2 Recent mixed ABC Type A=0.325 B=0.375 C=0.825 D=0.05 w/Stokes plot
Mechanical Analog to EM Motion (YouTube video) - https://youtu.be/hTd5FTJ-vRk Classical Mechanics with a Bang! 2018
Coullt Web Simulation: Bound-state motion in parabolic coordinates Lectures 8, 9, 23 page 93
Coullt Web Simulation: Bound-state motion in hyperbolic coordinates Text Unit 6, page=27
Oscilllt Web App: Simulations of various types of resonance: 18, 27, 31, 35, 38, 39 ColorU2 for the Web - in development
Smith Chart Group Theory for Quantum Mechanics - 2017 Lectures: 6, 7, 8,
http://nobelprize.org/ and the combined 9-10

Quantum Theory for the Computer Age Unit 3 Ch.7-10, page=90
Analylt Web Application, posted 10/22/2018 in our testing area: Web based 3D & XR (xe{A,M,V}, R=Reality) https://www.babylonjs.com/
https://modphys.hosted.uark.edu/testing/markup/AnalyItBJS.html Web based 3D graphics WebGL API (Graphics Layer modeled after OpenGL)

Wiki on Pafnuty Chebyshev

continued ~


https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Velocity_Amplification_in_Collision_Experiments_Involving_Superballs-Harter-1971.pdf
https://www.scitation.org/
https://aip-info.org/37VS-QW7L-1462CY2628/cr.aspx?v=1
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/pdfs/QTCA_Pdfs/QTCA_Text_2013/AMOP_Ch_32_MolSymm.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Wave%E2%80%93particle_duality_of_C60_molecules_-_arndt-ltn-1999.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Optical_Vortex_Knots_%E2%80%93_One_Photon__At_A_Time_-_Tempone-Wiltshire-Sr-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/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/testing/markup/AnalyItBJS.html
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/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/pdfs/Journal_Pdfs/Trebuchet-SciAm_273_66_July_1995_chevedden1.pdf
https://modphys.hosted.uark.edu/markup/PendulumWeb.html
https://modphys.hosted.uark.edu/markup/CycloidulumWeb.html
https://www.google.com/search?q=Satellite+view+of+Patricia&biw=1811&bih=1247&tbm=isch&tbo=u&source=univ&sa=X&ved=0CD0QsARqFQoTCLb17N728sgCFdA0iAodl4kMsg
https://www.youtube.com/watch?v=72LWr7BU8Ao
https://youtu.be/_jntDtULxDc
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://modphys.hosted.uark.edu/markup/CoulItWeb.html?scenario=Coulomb-Stark_Bound_Hyperbolic
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://modphys.hosted.uark.edu/pdfs/CMwBang_Pdfs/CMwBang_Lectures_2017/Smith_Chart.pdf
http://nobelprize.org/
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=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=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=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=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://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://www.babylonjs.com/
https://developer.mozilla.org/en-US/docs/Web/API/WebGL_API
https://en.wikipedia.org/wiki/Pafnuty_Chebyshev
https://modphys.hosted.uark.edu/markup/Harter-SoftWebApps.html
https://modphys.hosted.uark.edu/markup/QTCA_Info_2014.html
https://modphys.hosted.uark.edu/markup/AMOP_Info_2018.html
https://www.youtube.com/channel/UC2KBYYdZOfotnkUOTthDjRA
https://modphys.hosted.uark.edu/markup/GTQM_Info_2017.html
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/CMwBang_Info_2018.html
https://modphys.hosted.uark.edu/markup/LearnItTitlePage.html
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/SRQM_Relawavity_by_RNC_via_TeX.pdf

A running collection of links to course-relevant sites and articles (Continued)

Physics Web Resources “Texts” Classes
Classical Mechanics with a Bang!
Comprehensive Harter-Soft Resource Listing UL AMOP
: Quantum Theory for the Computer Age 2017 Group Theory for OM
UAF Physics YouTube channel o . ) i
7 Principles of Symmetry, Dynamics, and Spectroscopy 2018 AMOP
Learnlt Physics Web Applications ' . . _
Modern Physics and its Classical Foundations 2018 Adv Mechanics

L M 2

Repeated from previous page

Older Links from Lectures 24-27

Jerklt Web App: 2-, 2+, Amp500megai147-, Amp500mega296, Amp500mega602, Gap(1)
MolVibes Web App: C3vN3

Wavelt Web App: Supplemental Links for Lectures 29-30
Dim = 3 w/Wave Components; .
Static Char Table: 6, 12, 12(b), 16, 36, 256 RelaWavity

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

AMOP Detailed Development of RelaWavit

2018 Rochester Talk (Auxilary Slides)
Lester. R. Ford, Am. Math. Monthly 45,586(1938) . - - Earlier, expanded draft
John Farey, Phil. Mag.(1816) Wolfram MMMMMMMMRUI r m - Relawavity Exerci
Harter, J. Mol. Spec. 210, 166-182 (2001) 2018 RelaWavity Portal Page
Harter, Li IMSS (2013) . . . ite:
Li, Harter, Chem.Phys.Letters (2015) Clocks 12 hr,!QI K 294 hr QTEIE’ Phasors Addition, Quantized. 1

OscillatorPE Web App: IHO Scenario 2, Coulomb Scenario 3
RelaWavity Web App/Simulator/Calculator: Elliptical - IHO orbits
Coullt Web App Simulations: p19, p32, p72, p73, p92, R=-0.375, R=+0.5, Rutherford

Bohrlt Web App/Simulations: -130022; -30001; -30104; 30004; 30022
Guidelt Web App/Scenarios: 230; 260
Relativlt Web App/Scenarios: 22; 24; 69

Older Links from Lectures 28 RelaWavity Web App/Scenarios: 0.9; 3.6; 3.6 NoMink; 4.8; 5.6a; 6.1; 6.3a; 6.3b; 6.3¢; 7.1
CMwBang Text 2012 Unit 6 page=5 %»21% ﬁ hLZ»fe_ 1;21 8.3;8.,5;8,6;87; 8,8
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

Singular Motion of Asymetric Rotators AJP 44, 11 p1080 Harter-Kim-1976

Molecular Eigensolution Symmetry Analysis and Fine Structure - Int.J.MolSci1.4.13 Harter-Mitchell-IlJMS-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)



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/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/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
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://modphys.hosted.uark.edu/markup/Harter-SoftWebApps.html
https://modphys.hosted.uark.edu/markup/QTCA_Info_2014.html
https://modphys.hosted.uark.edu/markup/AMOP_Info_2018.html
https://www.youtube.com/channel/UC2KBYYdZOfotnkUOTthDjRA
https://modphys.hosted.uark.edu/markup/GTQM_Info_2017.html
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/CMwBang_Info_2018.html
https://modphys.hosted.uark.edu/markup/LearnItTitlePage.html
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
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
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This map has circle sector arc-area o =0.6435
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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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RelaWavity Web Simulation - Relativistic Terms
(Short version)
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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

_ _ 1 2 2
ACUphase BCOSh @'v B+2 Bp (fOr M<<C) COShp~1+lp2~1+lu— B = ‘UA
_ : Th2E T2 2
phase BSlnh p) Bp (fOI‘ M<<C) . 1 C B = ‘UA — CKA
sinh pzpz—
k_ — tanhp =~ pj - (for u<c)
c ) :
I At low speeds: B §
U hase = B+§_2u & for (u<c) = K phase = 7 U
C C
-
. oppler V rou v rou T ase ase T rou V ase oppler
time | b L - a = —pThA ( il ) ;Ap pZ boivw
1 K group gr()up 2’ phase c 1
Space bl?l(,)llj]ger ﬂ’A KA A’A Vgroup bl?ggpler
e sech p @osh p)| cschp cothp | €

stellar ¥ +p
angle © 1/ €

COSO seco coto CSCO 1/e?

=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

value for

1
B=3/5 >




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

_ — 1 L2 2
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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

ACUphase = Bcosh @z B +% sz(for UKC)
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Using (some) wave parameters to develop relativistic quantum theory

ACUphase = Bcosh @z B +% sz(for UKC)

2
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Using (some) wave parameters to develop relativistic quantum theory

ACUphase = Bcosh @z B +% sz(for UKC)
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Using (some) wave parameters to develop relativistic quantum theory

ACUphase = Bcosh @z B +% sz(for UKC)
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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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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

| 2
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Using (some) wave coordinates for relativistic quantum theory

Energ}' (E) Momentum
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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
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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
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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
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Momentum Mass Muom (Galileo’s mass) Defined by ratio p/u of relativ:istic momentum toi group velocity.
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Shining some light on the elephant in the spacetime room



Given: Energy: E =Mc’ cosh p

Definition(s) of mass for relativity/quantum
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Rest Mass Myes: (Emstem 5 mass) Defines invariant hyperbola(s) momentum: cp =Mc? sinhp
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M
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Definition(s) of mass for relativity/quantum  Given: Energy: E=Mc*coshp
=hv

phase
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Momentum Mass Muom (Galileo’s mass) Defined by ratio p/u of relativistic momentum to group velocity.
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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
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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
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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
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Momentum Mass Myom (Galileo's mass) Defined by ratio p/u of relativistic momentum to group velocity.
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\/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
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Momentum Mass Myom (Galileo's mass) Defined by ratio p/u of relativistic momentum to group velocity.
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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
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=M ey o velocity. u=ctanhp = o
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\/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.
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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
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Momentum Mass Myom (Galileo's mass) Defined by ratio p/u of relativistic momentum to group velocity.
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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.
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Definition(s) of mass for relativity/quantum  Given: Energy: E=Mc*coshp
=hv
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Effective Mass M. (Newton s mass) Defined by ratio F/a=dp/du of relativistic force to acceleration.
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Definition(s) of mass for relativity/quantum

Rest Mass Myes: (Einstein s mass)

Finite-mass M

dispersion
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hv phase M hCK phase Rest
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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: M) = P2 _ > fits ” (going crazy).
C C C
‘(L (All this would be evidence of triple Schizophrenia.)

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

Effective Mass (c)y-effective mass: M ;;7; oo,

MY = ﬁ—;’ =0(1.2-10™ kg -5s=4.5-10" kg (for: v=600THz)



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
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" 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:




Review: Relawavity p functions and plots vs. p

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

Comparing 2nd-quantization “photon” number N and 1st-quantization wavenumber ~



Relativistic optical transitions |high)=|w,) &/ |mid)=|o,) 2 |low)=|o,)
4
hw =E(cp)
Review of Thales geometry of
relativistic hw(ck) or E(cp)-space

R
\/
()
\‘u

@®,, sinh p Y

+
(Ume P 3= 6oh

4 /
3 Wme =w,
| [ | | |
2 3 _
Doppler RED factor: 3¢ g Doppler BLUE factor: 7 = e P hck =cp



Relativistic optical transitions |kigh)=|w,)
4

hw =E(cp)
Review of Thales geometry of
relativistic hw(ck) or E(cp)-space

Q €+p= 3 = W,
- =
. 2
8:
4 / -
3=0,e = 0 |
| S w | |
2 3 _
Doppler RED factor: —=e" Doppler BLUE factor: —=¢€" " hck =cp

3



Relativistic optical transitions |kigh)=|w,)
4

hw =E(cp)
Review of Thales geometry of
relativistic hw(ck) or E(cp)-space

wh:_ 3

Initial stationary
UE K thing wh—MthZ

QU e'*'P: 3 — (Dh
=
S
O:
=

4 / ;

3 =W,,e P= a)g

| R | | |
2 _ 3 _
Doppler RED factor: =€ ” Doppler BLUE factor: —=¢"" hck =cp

3



Relativistic optical transitions |kigh)=|w,)
4

hw =E(cp)
Review of Thales geometry of
relativistic hw(ck) or E(cp)-space

a)h:-_ v,

Initial stationary
UE K thing wh—MthZ

etP=13 = w,

4 / -
E ®,,€ F= a)g
| S | |
2 3 _
Doppler RED factor: 3¢ g Doppler BLUE factor: 5 = e’ hck =cp



Relativistic optical transitions |kigh)=|w,)
4

hw =E(cp)
Review of Thales geometry G
relativistic hw(ck) or E(cp)-splee

On=3

Initial stationary
UE K thing Wh—MthZ

e+p: 3 — a)h

4 / -
3 =W,,e F= COK
| R | |
2 3 _
Doppler RED factor: 3¢ g Doppler BLUE factor: 5 = e’ hck =cp



Review: Relawavity p functions and plots vs. p

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

Comparing 2nd-quantization “photon” number N and 1st-quantization wavenumber ~



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

hw

y Recoil from emitting an
oppositely c-moving
@ELLOW Khm “photon” whm=c| Kpm |=wmsinhp

Review of Thales geometry
relativistic hw(ck) or E(cp)-sp

,;, = / / R
Initial stationary =2
. N ' K,
UE K thing wpi=Mnic? K, Kimle,
\& Feynman
diagram
@,,sinh p / (scaled down)
| P_—— of
m = emission
process
X
L N 4 S y,
f O;==4 tP_ 7 —
=3 = w,le"=3 =w,
2]
1 3
:

=m, e P= w,

w | &

I | I

| | |
2 3 _
Doppler RED factor: - = g Doppler BLUE factor: 7 = e P hck =cp

-




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

Review of Thales geometry
relativistic hw(ck) or E(cp)-sp

Initial stationary

UE K thing wi=Mhic?

4—
hw

N Recoil from emitting an
oppositely c-moving

@ELLOW Kphm “photon” whm=c| Knm |=meinhp

K khm

R

N
" lake-away point [

w | &

- (!)me_p: @,

| l I

= Classical (and spectroscopic)

" Energy-momentum conservation
1s due to

conservation in

quantum-phase space-time

®,, coshp

-

Kh

Feynman
diagram
(scaled down)
of
emission
process

AP_ 2 —
UIH(' — 3 _ 6oh

“wiggle-count”

2 _
Doppler RED factor: o= e P

-

3 4p
Doppler BLUE factor: 5= e

hck =cp




Review: Relawavity p functions and plots vs. p

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

Comparing 2nd-quantization “photon” number N and 1st-quantization wavenumber ~



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

-



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


https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=5,6&freqExpStopNum=1&vertBranchInd=1&horiBranchInd=0

Review: Relawavity p functions and plots vs. p

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

Comparing 2nd-quantization “photon’” number N and 1st-quantization wavenumber K
paring q p q



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 )
| / Boosted cavity
B =
=8 | / wave —
| ) has invariant
| 7 mode number n x
| 7 photon number N, Lorentz
| // 4 contracted
cavity length
4 L=32
/) . . . Proper length
A < Pirelli Challenge Site "o, 1=4.0

I Jy N Quantized amplitude <y |

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



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

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




Review: Relawavity p functions and plots vs. p

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

Comparing 2nd-quantization “photon” number N and 1st-quantization wavenumber ~

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



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"
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