Relawavity : a novel introduction to relativistic mechanics 11

(CMwBang! Unit 8 , AMOP Ch.0, )
Why Men in Black shot little Suzie...Learning about sin!,cos and... Trigonometric road maps
Hyper-Trigonometric Relawavity geometry and Euler exponential algebra
1CW wavefunctions and phasors
Per-space-per-time vs Space-time (How to understand wave parameters)
Wave velocity formulas
Introducing Doppler shifting
Why i1s ¢ so constant?!

Introducing Doppler Arithmetic and Rapidity p

Optical interference “baseball-diamond™ displays phase and group velocity
Details of 2CW wavefunctions in rest frame
Pulse waves (PW) versus Continuous Waves (CW) pal’t 11
Doppler shifted “baseball-diamond” displays Lorentz frame transformation
Analyzing wave velocity by per-space-per-time and space-time graphs
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales mean geometry of Lorentz transformation

Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity

Longitudinal hyperbolic p-geometry connects to transverse circular o-geometry

“Occams Sword” and geometry of functions of p and o Minkowski animations
Application to TE-Waveguide modes. synchrotron beam relativity


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=SeigeOfKenilworth 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.htm| Pure C-Type A,D=4.055, B=0, C=0.1
Google search on: "Satelite view of Patricia" (Im 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- motion in hyperboli rdin 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 —
: 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

A A 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: .
Dim = 3 w/Wave Components; Links to supplement Lecture 29: Parts I & II
Static Char Table: 6, 12, 12(b), 16, 36, 256 AMOP Chapter 0: Space-Time Symmetry
Quantum Carpet with N=20: Gaussian, Boxcar AMOP Detailed Development of RelaWavit
Quantum Revivals of Morse Oscillators and Farey-Ford Geometry - Li-Harter-CPL-2015 2018 Rochester Talk (Auxilary Slides)
QTCA Unit 5 Ch14 2013 Special Relativity and Quantum Theory by Ruler and Compass - Earlier, expanded draft
Lester. R. Ford, Am. Math. Monthly 45,586(1938) Ruler m - Relawavity Exerci
John Farey, Phil. Mag.(1816) Wolfram 2018 RelaWavity Portal Page
Harter, J. Mol. Spec. 210, 166-182 (2001) Pirelli Relativity Challenge Web Site:
Harter, Li IMSS (2013) Title Page, Clocks_12_hr, Clocks_24_hr_QT, Phasors Addition
Li, Harter, Chem.Phys.Letters (2015) Bohrlt Web App/Simulations: -130022, -30001, -30104, 30004, 30022
OscillatorPE Web App: IHO Scenario 2, Coulomb Scenario 3 Guidelt Web App/Scenarios: 230, 260
RelaWavity Web App/Simulator/Calculator: Elliptical - IHO orbits Relativlt Web App/Scenarios: 22, 24
Coullt Web App Simulations: p19, p32, p72, p73, p92, R=-0.375, R=+0.5, Rutherford RelaWavity Web App/Scenarios: 0,9, 3,6, 3,6 NoMink, 4.8, 6,1, 6,3a, 6,3b, 6.3¢c, 7,1, 7.2,1,
Older Links from Lectures 28 22 D25 DAL RS BA L 88

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
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
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3 Why Men in Black shot little Suzie... Learning about sin!,cos and... Trigonometric road maps
Hyper—Trlgonometrlc Relawavity geometry and Euler exponential algebra

1\XY7 ______ L.

4

a1

~

For an introductory, web based development of
this and other concepts in special relativity see
our entrant in the 2005 Pirelli Challenge:

A Colorful Road to Relativity

Using Occam's Razors and
Evenson's Lasers



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

Bad Suzy!

Relativity and Quantum Theory
need to be unified 1in one book
half the size of those old tomes!

We call that a Relawavity book.
(It’S a lot lghtes ')

From AMOP Ch.0 article.

Why did a Men In Black candidate shoot little Suzy?



https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/QTCA_Text_2013/AMOP_Ch_0_SpaceTimeSymm.pdf
https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/QTCA_Text_2013/AMOP_Ch_0_SpaceTimeSymm.pdf

Learning about SIN

1.0

7/ :’

IENTIFIC COMPUTER EL-55001I . -pECnyRS
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Learning about SIN
“Slope of INcline”

7,' . — 1.0

0

o Whel : +DEC  =D.MS exE 1n300

¥ / I "‘@ m G 300 _0 50

B s - § S € (50%
4 | grade)

TER EL-5500m

It’s mostly about triangles and sine-waves




Learning about SIN and the COSin |
“Slope of INcline” “COmplimentarySlope”

N | 2\,
o ) in30°
- —— N | 10,50

(50%
orade)

,3-@-BB

It’s mostly about triangles and sine-waves and cosine-waves



Learning about SIN and the COSin and TANgent and COTangent
“Slope of INchne;n q % ;

CoSeCant

csc30°
=1/s1n30°
=D

...and SECante« | / >
sec30°=1/cos30°=1.155

Fundamental relativity and quantum wave mechanics

is mostly about triangles and sine-waves and cosine-waves




Why Men in Black shot little Suzie...Learning about sin!,cos and... Trigonometric road maps
3 Hyper-Trigonometric Relawavity geometry and Euler exponential algebra
1CW wavefunctions and phasors
Per-space-per-time vs Space-time (How to understand wave parameters)
Wave velocity formulas
Introducing Doppler shifting
Why 1s ¢ so constant?!
Introducing Doppler Arithmetic and Rapidity p

Optical interference “baseball-diamond” displays phase and velocity
Details of 2CW wavefunctions in rest frame
Pulse waves (PW) versus Continuous Waves (CW)
Doppler shifted “baseball-diamond” displays Lorentz frame transformation
Analyzing wave velocity by and graphs
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation

Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic p-geometry connects to transverse circular o-geometry

“Occams Sword” and geometry of functions of p and o Minkowski animations
Application to TE-Waveguide modes. synchrotron beam relativity



Trigonometric road maps

sin(0 )=0.6000 = 3/5 b sin(0)=0.6000 = 3/5
a tan(o)=0.7500 = 3/4 tan(O')—O 7500 = 3/4
sec(0)=1.2500=5/4
cos(0)=0.8000 = 4/5 cos(0)=0.8000 = 4/5 Btan(o)
P cot(0)=1.3333 = 4/3 AN
& csc(0)=1.6667 = 5/3 & /
78 e,
B ~ B N4
s ve
) 8
© > N S
% > A > 6’00] ~
S S o @
Circle sector area _
0B?=0.6435B2 for sin(Q V sm(y
angle X0—36.87° Best@) o

All this physics of relativity
is mostly simple trigonometry
of optical wave interference!

And, it derives fundamentals
of quantum theory, too!

RelaWavity Web Simulation
Relations between
Hypergeometric and
Hypergeometric functions



https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=0,9&taLinesInd=2&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0&labelingInd=3

Trigonometric road maps become hyperbolic trig maps...

( a) sin(o)=0.6000=3/5

cos(0)=0.8000=4/5 \
S
‘?OO*)

(b)

B

Circule sector are
B26=0.6435B O
angle /0=36.87°

RelaWavity Web Simulation
Relations between
Hypergeometric and
Hypergeometric functions

AMOP Ch.0 article p.9.

All this physics of relativity
is mostly simple trigonometry
of optical wave interference!

And, it derives fundamentals
of quantum theory, too!

Btan(o)
A @%0 o) f /x
&
2 —~ 4 —
—~] © C
aa) % g OI@
O 2| A
sin(c) )
Besc(q) -
=35 anoy y
D=3 angle? . %7
5)) 5/4 .
“3 | Bsinh(p
A @&/.
¢ (7) g
P> o)
%Xﬂ ~_ (@)
2 &
Z SN =
sl (pY 5|2 e =
aa) Y X é[
w | A Q)
@)
Hyperbolal|unit-Bsector tanh(& Y
Beoth(p) >

arc-area p = 0.6931
angle Zp /K\v = 30.96°



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/pdfs/QTCA_Pdfs/QTCA_Text_2013/AMOP_Ch_0_SpaceTimeSymm.pdf#page=9

Trigonometric road maps become hyperbolic trig maps... __
Need to see how RelaWavity Web Simulation | <.~ Beosh(p)+Bsinh(p)=Be g S
: Relations between TS~ol ¢
t?'lg road map Hypergeometric and é’[}\\ @M S\ /
matches the Hypergeometric functions . le > S/e o ‘ G
physical map - ¥
on following page.  ~.  >~_ | T ~< ' N
J gpag 2 Bsinh(p)™~-. 57
88 o P SO - &\Q)
e /6)&;-’ A 20NN,
ﬁ?’ /// 'Iy 'E'" ) N X ~
1. , "/ \\\ \\\
129D ;aa 2 \ :
y At ~ \\
o \
O/_\ Q \\
/ aa) Ql gmmne— NV /| /L 7S NN @ \\
/’ ,J:: | Cé | \\
Q I \
Bcosh(p)-Bsinth(p)FBe 2 p /2 ©)
' o O- et \
AMOP Ch.0 article p.10. [lp tanh( i |
- Besch(p): coth(p) > ;

All this physics of relativity
is mostly simple trigonometry
of optical wave interference!

And, it derives fundamentals
of quantum theory, too!

I

$in(0')=0.6000=tanh(p)=3/5 /
tan(o )=0.7500=sinh(p)=3/4,

sec(o)=1 .2500:cosh£))=5 /4
cos(0)=0.8000=sech(p)=4/5
cot(o)=1.3333 =csch(p)=4/3
csc(0)=1.6667 =coth(p)=5/3

-
~ -
e ———


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/pdfs/QTCA_Pdfs/QTCA_Text_2013/AMOP_Ch_0_SpaceTimeSymm.pdf#page=10

Trigonometric road maps.... Ererey (8) to Relativity and Quantum Theory™
Doppler blue shift factor = b = 2.000

Doppler red shift factor=r=0500 = |--._____
Need to show v = 0.540 = 30.964° ] ‘Coordmate angle v—atan(u/c)

trig road maps e=0693
o = 0.644 = 36.870° ) \
can match /

physical maps

like this one...
Momentum , /
) cp = Bsinh(Q) 7 o
Phas\'elocity )2 ,
c/u = Beoth(p) N/ "
L 0 nian DeBroglie Wavelength
x R _ ! , [T ) = Bco Mc = BCSCh(Q)
est Energy T~~~ ¥ L \
\B = (I)/ ’,l’ : ? & "La an . \\
/ A -L(u) - ech(g)
l‘ 'l' ||l
| oup V locity
b-circle P L= ) c-momentum (cp)

All this physics of relativity
is mostly simple trigonometry *Relawavzty

of optical wave interference.
| AMOP Ch.0 article p.20.

And, it derives fundahfzentals

of quantum theoy" too! RelaWavity Web Simulation

/— {Physical Terms - All Terms}



https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=4,8
https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/QTCA_Text_2013/AMOP_Ch_0_SpaceTimeSymm.pdf#page=20

Why Men in Black shot little Suzie...Learning about sin!,cos and... Trigonometric road maps
Hyper-Trigonometric Relawavity geometry and Euler exponential algebra <«
1CW wavefunctions and phasors
Per-space-per-time vs Space-time (How to understand wave parameters)
Wave velocity formulas
Introducing Doppler shifting
Why 1s ¢ so constant?!
Introducing Doppler Arithmetic and Rapidity p

Optical interference “baseball-diamond” displays phase and velocity
Details of 2CW wavefunctions in rest frame
Pulse waves (PW) versus Continuous Waves (CW)
Doppler shifted “baseball-diamond” displays Lorentz frame transformation
Analyzing wave velocity by and graphs
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation

Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic p-geometry connects to transverse circular o-geometry

“Occams Sword” and geometry of functions of p and o Minkowski animations
Application to TE-Waveguide modes. synchrotron beam relativity



Hyper-Trigonometric algebra easily derives Circular-Trigonometric-algebra

Exponential derived by infinite-n-compounding limit of the interest rate-r formula.
o lim rt
e = _.|l+—
Infinite-n limit of binomial series 1s an exponential power-p series of (r¢)? with 1/p! coefficients.
2 3 4 5 6
(rty o) Gty @ty @)
2 23 234 2:34-5 23456

(rt)” () )t Gty )
2 23 234 2345 23456

e’ =1+rt+

e =1-rt+

Half-sum and half difference of ¢*"series define the hyperbolic cosine (cosh(7¢)) and sine (sinh(r?)).

+rt —rt 2 4 6
€ _ 1 + (r1) + (r1) + (r7) —...=cosh(rt)
2 2 2'3'4 2'3'4'5'6 Hyper_Trig
+rt —rt 3 5 .
€ =° = rt + (17) + (17) +... = sinh(rt) coshp and sinhp

2 2-3 2:3:4-5



Hyper-Trigonometric algebra easily derives Circular-Trigonometric-algebra

Exponential derived by infinite-n-compounding limit of the interest rate-» formula.

) e
e” =" [1+—
n

Infinite-n limit of binomial series 1s an exponential power-p series of (r¢)? with 1/p! coefficients.

rt)” (i)’ ()t () (rt)°

e” =1+rt+ + + + + +... = cosh(rt)+sinh(r?)
2 23 234 2-3:4-5 2:34-5-6

(rt)” () (1) () ()
2 23 234 2345 23456

e =1-rt+

= cosh(7t) - sinh(rt)

Half-sum and half difference of ¢*"series define the hyperbolic cosine (cosh(7¢)) and sine (sinh(r?)).

+rt -1t 2 4 6

e e (rt) . (rt) N (rt) |

2 2 234 23456 Hyper-Trig

e —e™" (rt)’ (rt)’ coshp and sinhp
+ +

= +... = sinh(7t)
2 2:3 2:34+5

—...=cosh(rt)

Replace rate » with imaginary rate ir and i=v-1powers =1, i'=i, i>=-1, P’=-i, i*=1, P=i, i°=-1, i’=-i,...

Then hyper-sine-cosine becomes the circular-sine-cosine.

+i rt —irt 2 4 6
— - (r;) i ;}?4 i gft)s 6 TN
- Circular-Tng
et e . (rt)’ (rt) ) coso and sino
= 1 rt —1 =1SInrt
2 23 2 345
Sum and difference of this pair gives the Euler—DeMowre relations of exponentials vs trig-functions.
e’ =coso+isino , =CcosO—isino.

"’ =coshp+sinhp , e"’ =cosh,0 —sinhp.



Why Men in Black shot little Suzie...Learning about sin!,cos and... Trigonometric road maps
Hyper-Trigonometric Relawavity geometry and Euler exponential algebra
3 1CW wavefunctions and phasors
Per-space-per-time vs Space-time (How to understand wave parameters)
Wave velocity formulas



[CW Laser-phasor wave function

Wy = A-ei(kxfwt) = Acos(kx — wt) +iAsin(kx — ot)

' ' ' - hase-angl
Hyper-Trigonometric phasors in space-time T phase-angle

Amplitude
pA

Imaginary

axis

laser-phasors vy
Y YD YR A

II3 00 THz laser

(Infrared) Dy g 3 OO
Real y=Rey iy ’
- Coprh (™
Ima gmary/E é"‘ " INL

W
LT

N

' 4

Y Y
(A
N

Space x

‘A

: : : Pirelli Sit
(a) Single-phasor plot of wave-function at (x,ct). (b) Array of phasors at many (x,ct)-points. ngl al, s} (ejl ocks

Animations

24 hr. clock
12 hr. clock



https://pirelli.hosted.uark.edu/html/clocks_24_hr_QT.html
https://pirelli.hosted.uark.edu/html/clocks_12_hr.html

[CW Laser-phasor wave function
Dimensionless Light wave-velocity c/c=1\ y = A.ei(kxfa” ) = Acos(kx — wt)+ iA-sin(kx — t)

T phase-angle
_ Amplitude
“WInks - angular frequency:@ =210 A
“kl',;/l kg’ @ngular wavenumber . k = ZnKj
k =wavevector Imag i(”lafj/
axiLs
500 17 s | i laser-phasors vy W
| /£ b ‘.‘,,_ > -/
(nfrared) A B AN I I N ABT A ok verocry =
Real vy = _ /‘V requency 300TH.
Imaginary, 7’4‘“‘? ;ﬁ ) 0 JSwo extremes give
/ 4& . '% 3 identical phasor
y=Im SO N clock (x,ct) array
& o
> < ,’v‘w 3 Clock velocity u~c
o 3 frequency~0.0 TH.
2T/®w=1/
3.33-10s)

Other Doppler versions
N/ =c=v'/k!
must match this phasor
clock-(x,ct)-array, too.
That's gauge invariance!
rx-vt = k/x'-0't

Space x



Why Men in Black shot little Suzie...Learning about sin!,cos and... Trigonometric road maps
Hyper-Trigonometric Relawavity geometry and Euler exponential algebra
1CW wavefunctions and phasors
3 Per-space-per-time vs Space-time (How to understand wave parameters)
Wave velocity formulas



[]

frequency v
(waves per sec.)

€¢ »

per-SPACETIME V= Greek

of waves per second

n

(k,v)-graph. ...~

for number

SPACETIME

(A, 7)-graph

The “Keyboard of the gods " : per-space-per-time plot versus space-time Minkowski plot

Herman
s@ | Minkowski
W [864-1909

A= Greek “L”
for Length =1/k

----- T =Greek “t”
for time =1/v

space

: or Hertz (Hz) =1/T time
i inverse temporal values
o B per—time versus t1me (wavelength
Heinreich - A=2/3=1/kT]..
o " Press a key to get a wave (a 1-CW) R RO
erlz - Z}'?
1 85_7'] 8]9 4 :_ =3/ \ erio period
1Hz=1sec AT ‘ 7=5/4 =1/v _5/4:|1/ ..................
v=4/5 J|[ 72 l b (%
A | e A A S B E A\ 2
|\\_é\|2\\_é\\fi 4|24|J| |\\_é\|2\\_\ \Awwlwwuwlwwww
:_% Cvavenumbel’ wavenumber k . . i
, - NK=J/2 ) (wavespermeter) jnyverse spatial val
Heinreich CIr-Space versus SPACEC
Kayser r =Greek “k’ pet=5p P
1853-1940 (sec. per wave)

for Kayser o
(or “kinks”)=1/)\

IKayser=1cm!

Jean-Baptiste
Joseph Fourier
1768-1830 ‘

wavelength X
(meters per wave)

B

its

I\kaowskzce—time view.

time period

A 23 8 m.

~7T 5/4 15s.
L1l ! I/K ()
wavelength X\~ — % = ;

(meters per wave)



Analyzing wave velocity by per-space-per-time and space-time graphs Herman
i per-SPACETIME SPACETIME Minkowski
frequency v [ (k,v)-graph (A 7)-graph 1864-1909
(waves per sec.)
“Keyboard of the gods”

(NS}

Press a key to get a wave

s
77
1 \
Al
‘frequency \ |
=

Y 2 1

23 _ 3
| | \é\ | | \é\" \4\ | | | \A\ | | L1 \J\ L1 | L1
[, wavenumbeI) wavenumber k :

E_A K=3/2 (waves per meter)

“Keyboard of the gods”" 1s known as “Fourier-space”

Jean-Baptiste
Joseph Fourier
1768-1830

e How to understand waves
and wave parameters

wave frequency v wave period 1
wavenumber Kk wavelength A

RelaWavity Web Simulation
Kevyboard of the Gods (per-Time vs

per-Space)



https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=7,1

Analyzing wave velocity by per-space-per-time and space-time graphs Herman
i per-SPACETIME (S>\PA35T'ME h Minkowski
frequency v [ oy . ,T)=-9rd _
(waves per sec.) (K/’ U) & aph fime sTap 18641909
> period t

(sec. per wave)

7 inverse temporal values

: i per-time versus time
Heinreich n
o - Press a key to get a wave

ertz - Z/?

1857-1894 ] \
1Hz=1sec! A; ,,,,,,,,,,,,,,,,,

‘frequency : i

3 -/ 1 - % 3 1 i 2
|\\_é\|\\-é\\fi \4\\|\/ﬁ\l\\\\#\\\\l\\\\

|, Cvavenumbw) wavenumber k
Y, ©
- K=3/2 (waves per meter)

“Keyboard of the gods”" 1s known as “Fourier-space”

Jean-Baptiste
Joseph Fourier
1768-1830

e How to understand waves
and wave parameters

wave frequency v wave period 1
wavenumber Kk wavelength A




Analyzmg wave velocity by per-space- per-time and space-time graphs Herman
per-SPACETIME v = Greek*“n” for number SPACETIME Minkowski
frequency v (Ii, U)_grapk ___________ 5 fwavespel” second time (>\’ T)_graph 1864-1909

(waves per sec.)

period t
(sec. per wave)

.
ot
e
P
ey
.t
.
Y

}\\\\I\\\
NS

- inverse temporal values
; per-time versus time
Heinreich [
Horse | Press a key to get a wave )
1857-1894 y \ T =Greek “t
I1Hz=1sec! A:‘ ,,,,,,,,,,,,,,,,, fOV Zlme =1/v
‘frequency \ | |
3 -/ 1 : /2 3 ! i
|\\_é\|\\-é\\fi \4\\|\/ﬁ\l\\\\#\\\\l\\\\
:_1/ Cvavenumbel’ wavenumber k
T\ k=3/2 (waves per meter)

“Keyboard of the gods”" 1s known as “Fourier-space”

Jean-Baptiste
Joseph Fourier
1768-1830

e How to understand waves
and wave parameters

wave frequency v wave period 1
wavenumber Kk wavelength A

RelaWavity Web Simulation
Keyboard of the Gods (Dual Plot #1)



https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=7,2&bcStepInd=1

frequency v
(waves per sec.) |—

Analyzmg wave velocity by per-space- per-time and space-time graphs
SPACETIME

(\7)-graph

per-SPACETIME

et
.

.
ot
e
P
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.
Y

period t
(sec. per wave)

=2

o ‘A , :_ ‘wavelength N\
o - Press a key to get a wave 4=2/3=1k
1857-1894 __; \
1Hz=1sec™! A; ,,,,,,,,,,,,,,,,,

‘frequency : i

Y B % 1 i 2
|\\_é\|\\-\4\\77 \4\\|\/ﬁ\l\\\\#\\\\l\\\\

wavenumber k
(waves per meter)

B » wavenumber
-~ K=3/2
g |

Herman
Minkowski
1864-1909

....................................... \ = Greek “1.”
for Length =1/k

7 =Greek “t”
for time =1/v

inverse spatial values

space
wavelength A

r =Greek “k”
for Kayser
(or “kinks”)=1/\

per-space versus SPaAce

“Keyboard of the gods”" 1s known as “Fourier-space”

Jean-Baptiste

Joseph Fourier
1768-1830

e How to understand waves
and wave parameters

wave frequency v

wave period 1

wavenumber Kk wavelength A
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Introducing Doppler shifting and why c 1s so constant (and so slow)

Bob: “Alice! My frequency meter reads v=600THz for your laser beam.

4 Alice: “Well, what is its wavelength A, Bob!”
i

A really fast Alice shines herv=300THz laser

Alice’s 300THz laser approaches Bob.
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(a) Bob sees v=600THz.

(Inverse period v=1/1)

g (O)g (b) What A\=1/k does Bob measure?
700 And, 1s he seeing a ‘phony’ green?
THz 600 ( 600THz line
500 <
\NO‘“ c :
300 §3 \Ow"ﬂ |
b i i
| . cwavenumber c-X=c k/2T

| .
A= 1.00wm 0.50pm 0.33um (inverse wavelength x=1/\)
K= 1-10%m 2-10%m 3-10%m



Introducing Doppler shifting and why c 1s constant

Bob: “Alice! My frequency meter reads v=600THz for your laser beam.

Alice: “Well, what is its wavelength A, Bob!”

Fig. 7 Alice’s 300THz laser approaches Bob.
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A= 1.00wm 0.50pm 0.33um (inverse wavelength x=1/\)
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Years of spectroscopy rule out ‘phony’ 600THz blue-green that do not have wavelength A\=0.5micron.

The only choice 1s C.
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The only choice is C.  Also the only possible 600THz light speed is C=%=%=3 10°m-s™
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- Bob: | see Doppler Carla: | see Doppler
Alice: Hey, Bob and Carla! Report your ( , (C .
Doppler shift ratios (B|A) and (C|A) b Blue shift to va=600THz(green) Blue shift to vc=400THz (red)

S0 relative to my va=300THz (infra-red) beam. (B|A)=2 and Pua=In(2)=+0.6931  (C|A)=4/ :’iand Peca=In(4/3)=0.2876

/= Also, rapidity Pza and Pca relative to me, A

T . G, l; & -
and Carla’s rapidity Ocs relative to Bob. f‘“ i . \ ‘J@éJ

'.ff.}:"/ @ 't{“t-' J,,A/ g /ﬂ" " 4/

A really fast Alice shines her v=300THz laser V. P — A

o 3001t — — e
v,=1200THz V=400THz
" Doppler ratio: . .
< R| S>  Vrpcemer Bob-Alice Dop]%ler raélé)(:) ) Carla-Alice Dopplezl 1(‘)a(§io: A
— _YB _ _~ (V]
Usource <B|A> o v, o 300 - 1 <C|A> = vc = 200 — E
— A
Prs = ln<R | 5 > Bob-Alice rapidity: ) Carla-Alice rapidity: 4
or: p,.=In(B|A)=In==0.6931 Pea=In(C|A)=1n"=0.2876
<R|S> — ePrs = o~ Pk | 3
Definition of Rapidity B 1 B
: Drs | p,,=In(A| B)=In 5——0.6931 =-p,,

Introducing Doppler Arithmetic and rapidity p



Bob: | see Doppler Carla: | see Doppler
( )Blue shift to vc=400THz (red)
C\A> ‘4/3 and Pca=In(4/3)=0.2876

_ Alice: Hey, Bob and Carla! Report your (b)
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Carla-Bob Doppler ratio:

Galileo Galilei V. _ V.U, 41 2
| (cB)=2e =22l aya )= 35 =2
Galileo’s Revenge (part 1) U U U
Rapidity adds just like Carla-Bob rapidity:
Galilean velocity el = pPc pPas — oPcatPas
& 7 Pa=Pcst P | > 0oy =P ot P = 0.2876-0.6931=-0.4055
1564-1642 Pxa Ecr > CARLA'S FRAME — 1n£ + lnl — ln%
BOB’S FRAME 3 o 3
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Galileo’s Revenge (part 2)
Phasor angular velocity
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Galilean velocity
Optical interference “baseball-diamond™ displays phase and group velocity
$» Details of 2CW wavefunctions in rest frame
Pulse waves (PW) versus Continuous Waves (CW)
Doppler shifted “baseball-diamond” displays Lorentz frame transformation
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Click the 'Controls & Scenarios' button to set vars and run preset scenarios C — 27—‘-0 Ii
Set the right & left-ward k values with clicks near the dispersion curve or ck axis.
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Parameters Scenarios

Bohrlt Panel 3x1: w/ k-Phasors : | Basic CW +1 >
Configurations < CW Light =1 +1..
Use Old ST Use Old Phasor Canvas -1.. >
Canvas < PWLitexl | +1..

Time Behavior | Loop back to t=0 -1.. >
Retain Space-Time Plot | CW Light £2
Align k-Phasors for Reset T=0 # < PW Lite £2 +2..
x-Phasor Locations = Fixed at Bottom ¢ -2.. >
Type of KE | Photon: w(k)-k H CW Light
i -l<o+4

Best for tweaking the responsiveness,
also vary/set persistant space-time
granularity below

gee-Time Pixels per Phasor

por— “ | X
y CW Light
| Dis plq y W Ligh
AR o PW LiDs 248
X Phasor Scale 050 T
v Scale O 1,00 Matter Wave: Bohr-Schrodinger
Propagate Mouse Scale o o
Changes Approximation
Wt e Wl =@ Bohr-Schrédinger {Quadratic dispersion}
Re(y) Line Width 4 = W
Im(1) Line Width O 4 k=t1.42
Phasor Line Width 11 CW
Zero Tracer Line Width Cmm— 1 k=+243
Trace Group Zeros Trace Phase Zeros CWk=-1,42
Extra Coordinate Grid | Axes w/ P & G Vectors + . .
Backg . ; RelaWavity Scenarios

ro enhancement

Threshhold =
rest-Trough distinction =" 05
term =

Dispersion Plot (300 THz Scale)
Make these two lower for finer/narrower zero lines.

Note: they do vary with above settings

Group & X x:w withck = 2
Right & Left K Vectors Both s ; x W“: C: - 42
ons . withck = =
Sha‘.k_:d chnons Show.Bom Verti - RelaWavity f = 0.0, v = 600 THz
?,’2;2;'{:, * Stiost 2 PW with ck = 22
BTk . . V‘ : a.l RelaWavity B = 0.0, v = 600 THz
Ar::mo?ms — ;,.rsf, 2CW withck =-1,4
C [ RelaWavity f =06, v = V(300°1200)= 600 | |, the APP, right click on a
-y mz .
oLors
; scenaro button to expose
Color Scheme | Journal Color : k-Phasor Plot (100 THz Scale) ) RPN
W with ok = the actual scenario string
PR CW withck =3
Global alpha = 1 _
N CW withck=-3
Space-Time 0.25 4 .
background alpha = CW withck =6
Peak: Hue= 0 Val= CW withck = 12
e == 0.5 2 CW with ck = 26
Trough: Hue= == 066 Val= RelaWavity B'= 0.0, v =600 THz
— 2CW withck =-3,12
ae RelaWavity B = 0.6, v = ¥(300*1200) = 600
Zero: Hue= = == 033 Val= THz
S — 1
Persi

Default Space-Time -
Granularity 2

Higher for finer detail
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Galileo Galilei

Galileo’s Revenge (part 1)
Rapidity adds just like
Galilean velocity

Galileo’s Revenge (part 2)
Phasor angular velocity
adds just like
Galilean velocity
Optical interference “baseball-diamond™ displays phase and group velocity
Details of 2CW wavefunctions in rest frame
¥ Pulse waves (PW) versus Continuous Waves (CW)
Doppler shifted “baseball-diamond” displays Lorentz frame transformation
Analyzing wave velocity by per-space-per-time and space-time graphs
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Bohrlt Web Simulation: Multi-Panel 2 PW ct vs x Plot
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Galileo Galilei

Galileo’s Revenge (part 1)
Rapidity adds just like
Galilean velocity

Galileo’s Revenge (part 2)
Phasor angular velocity
adds just like
Galilean velocity
Optical interference “baseball-diamond™ displays phase and group velocity
Details of 2CW wavefunctions in rest frame
Pulse waves (PW) versus Continuous Waves (CW)
3 Doppler shifted “baseball-diamond” displays Lorentz frame transformation
Analyzing wave velocity by per-space-per-time and space-time graphs

16 coefticients of relativistic 2CW interference

Two “famous-name” coefficients and the Lorentz transformation

Thales mean geometry of Lorentz transformation



right-moving Doppler blue shifted wave left-moving Doppler red shifted wave

R_ ik, x—0,t _ il _ i(k,x—w,1)
Y p=e k= ke ®ud) PR o yp=e =e
Ct e Ct
R/ Rapidly moving Bob sees...

.}Blue shifted wave
yming at him and...

...Red shifted wave

L/
behind him. \

Bohrlt Web I CW Simulations

I CW ct vs x Plot 1 CW ct vs x Plot T -&—%ﬁ—“}-w—-—?:ﬁ— x
(ck=+4) (ck = -1) [/ : ofi (2 hafhalys 6 17 18
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.......................... anuqn_c)_'fo's /" ,/'right-moving wave
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4 [200THz ,»° T R,_(_|_4C 4)
3 900FHz"
left-moving wave A2600TH:z
(ckr,wr)
(-1c,1)=L'""
.5 4 3 2 -1 1 2 3 4 5
' ! ! : ! : : : ﬁ’avevector'ck
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right-moving Doppler blue shifted wave

left-moving Doppler red shifted wave

Y7 ‘;
i(k,x—t) \ s 4/ i(k,x—m,1)
I//R e _e /*‘?"’\&\Qi, 25 ~*~“¥':~,1\ l//L e _e
Cct B Ct
/ Rapidly movin Bab sées..
R plary dg ) erid
...transforme ) gri
L/ \
PREEEE BRI ERE ) (R H
Frequency o> right-movipg wave
(CkR,{wRr)
...Doppler shifts give 4 1200THz R/=(+Yc,4)
Lorentz transformation
of both these grqphs 3 0L
. :113/=1 R/_|_ L/
Per —Spacetlme left-moving wave )
( ck,w ) (C ki w L) Bohrlt Web Simulation
’ o) v 2 CW Minkowski Plot
(-1¢,1)=L' G'="%(R'-L) (ck = -1, +4)
-5 4 -3 -2 3 4 5
I : l l l éVavevectorlck
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Three scenarios that look the same to Bob

Alice’s laser Carla’s laser
moving right Bob moving right
at u=3c/5 statlonary at u=3c/5
tuned to | ”‘1 tuned to

v,=600THz ol = 600THz—,
Alice’s beam \5“/ . Carla’s beam
is 1200THz / is 300THz —
Alice’s laser Bob Carla’s laser
stationary moving left at u=-3¢/5 stationary
tuned to W % tuned to
v,=600THz ¢\ —_— v,=600THz
Alice’s beam =+ —Ga#a s beam
is 1200THZ | s 300THz
Alice’s laser Bob Carla’s laser
stationary stationary stationary
tuned up to #‘"‘W g tuned down to
v,=1200THz #7 {3; v, =300THz
Alice’s beam v’ AN Carla’s beam
is 1200THzZ ; S 300THz

Much cheaper (and safer) to do the 3" scenario!$!
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e =3(R™-L") (ck=-1,+4)
« LEFT-from-right -CW * % 15 , .
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Galileo Galilei

Galileo’s Revenge (part 1)
Rapidity adds just like
Galilean velocity

Galileo’s Revenge (part 2)
Phasor angular velocity
adds just like
Galilean velocity
Optical interference “baseball-diamond™ displays phase and group velocity
Details of 2CW wavefunctions in rest frame
Pulse waves (PW) versus Continuous Waves (CW)

Doppler shifted “baseball-diamond” displays Lorentz frame transformation
3 Analyzing wave velocity by per-space-per-time and space-time graphs
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(a) Per-space-time (V’, cX’) geometry of 2-CW vectors
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(units : v ,=600THz)

1.5

1.0

VoV SINNP

(b

(units: A ;= ¢t ,=~micron)

c'Time-Period c-t'=\

| cT,(sinhp, coshe/)”"
[ /
/ // % /
— i | /_ - _ P g x,’ C t‘, P: /
/

| /| CTA(CO§h/l), Slnhp)
7 ,/

P'-G'= | grou I
| | | M
_II,O -0.5 | +1,.0 | +1.5 + | +1;.0 |
I I L) t I T T O N el I L .
c-Wave Number ¢ K =c-k’/2 // 0 N sech’"g I 4 : Space—Wavellength X'
(units : v ,=c'x (=600THz) ) “ /) F \g’f”p Z )4' | (units : A= Smicron)
— / :

/ / ///
kph ase=CT405¢hp

N
\\
o
N v

\

/




(a) Per-space-time (V’,ck’) geometry of 2-CW vectors (b

c'Time-Period c-1'=A

’
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Galileo Galilei

- Galileo’s Revenge (part 1)
k. Rapidity adds just like
Rt Galilean velocity
1564-1642

Galileo’s Revenge (part 2)
Phasor angular velocity
adds just like
Galilean velocity
Optical interference “baseball-diamond™ displays phase and group velocity
Details of 2CW wavefunctions in rest frame
Pulse waves (PW) versus Continuous Waves (CW)
Doppler shifted “baseball-diamond” displays Lorentz frame transformation
Analyzing wave velocity by per-space-per-time and space-time graphs
% 16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation



(a)

Per-space-time (V’, cK’) geometry of 2-CW vectors
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Doppler blue-shift et =22
19

18

1.
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The 16 dimensions of 2CW interference

[ i [ sinhp ) (34
P C Ve _VAL\ coshp /J_VAL\ 5/4)
Phase frequency  Aflips

U phase=1.4c08hp=5/4

Phase period ™ =1/v
to T phase=Tasechp=4/5

(units of | _
}L4:]/2.l,ll7l)

/AN

L

tart with the
Dopplers

...then d

ase waves

=1.25 =0.8
/
- T phase
Frequency = =T148echp.
v’ u =4/5
1500 — 5 5
(units of THz [ /
v, =600THz) |- /
/ :
1200 |- 9 y (units of
THz[™ / 7\421/2.um)
i / A
B / /
mbs , T |1‘5| 7]
z|~ / /4p
.. / //e L, . 2
/
600 y
T — / /
= Y= 1.23
/ / 300 _05 / I "D / Dappler vplm.\‘e' l Dopy
_ s f phase | b, z | Psrue
= / )
C S
2106 -10° 100 W {2106 ¢ +3-106_ +4-106 eroup | — 1
EAEREREEEER RN ‘ opple oppler
-‘1 _p, 05 i 0 0‘-5 ‘1 1!5 2, blli)Ll,."E b/i')/-:n
€ "V,=70, Wavevector cX' \[“ruidn . ,
2 . . o e sechp coshp e
(units of cx ,=2-10°/m)
value for l - 4 - 5 2
g | ==0.5 —=0.80' ~=1.25 ~==2.0
o 2 4 l




Phase wavenumber thips Phase wavelength \ =1/k
/{/phase:ﬁA Slnhp=3/4

to

,phase - )\ACSCh,O:4/3

(CK ;hase \]

( sinhp |

[ 3/4

P/

Phase frequency
U/phase :UACOShp:5/4

’

v phase

szf‘k coshp JzuAL 5/4

Phase period ™ =1/v
to T’phase —TA4 SGChp =4/5

flips

)J

LN

(units of

) i,ifjée
—=4/3 schy.

4 )
P-slope=Vhase/c
V), coshp 5/4 5 ,
AP et = =5 | 7 phase
Frequency I X phase simhp  3/4 \3 ) =14sechp
V' ps00 [ ~&
(units of THz __2.5 /
v, =600THz) = 7
1200 /
THz [~ 2 /
B /
/ /
K phase / /
900 | "V RAG
thz| =073 p// )/
/ /
= : /
/
600 y
THL |- /
- Wonge=1.25
/ / 30005 i oy / Doppler
— = THz . / / I)II(IS() /)]\’['.:‘!; .
B /
2100 -1° 1109 W, {2106 +3-106 +4-10° |
[ TTT I TTTTIAN] Sreup —
l—‘ll || l—O.Sl [ OI | IO‘.SI || IV‘II/ JSI Kz, /'71[1)1.5::1-:
aveveclor cC —
rapidity o~ P sinh sech cosh LS\LI\Q coth 2
(units of cx ,=2-10°/m) - : £ e : Pl
alue _ 3 | 5 2
wasefor | L5 5-075 | 2=080 =125 | 22133 2=167)| 2=20
o 2 4 5 4 3 |




Group wavenumber
K group=r.1c08hp=5/4

=1.25

4
(CK group

L |

coshp \

[ 5/4

/
G'+

group

Group frequency
V' group=14 31gnhp=3/4

=0.75
(G-slope=Vgoup/c

JZUAL 3/4

flips Group period T =1/v
tI(; T/group:TACSChp:4/3

>J

Group wavelength \ =1/k
)\/group:)\AseChp:4/5

(ungs of

Frequency  [i— Yerop _ SARP _ 3/4 3
/ 1 14
0 1500 Kz’fgm”p coshp 5/4 5
(units of THz [~ y
v, =600THz) = %
1200 y Ll (units of
THz [ 2 , )\/group:@. S — )
L / . (
wl 4 SR A TV LT T T T T
Z: P// // O 1.5 2
— k! // 1
600 roup
: =125 /,
/ L / 300 :O. 5 I/F hase b Doppl K phase T phase v phase )’ phase phase b Doppler
o THz 4 = 74 p RED - - O 1 BLUE
= C U group=VU. ) A A A A c
/ E r
_2.106 _106 _|_106 /_}{2106. _|_3.106 —|—41‘()6 rou 1 Vgroup vgr D 2’group Kgroup Tgroup 1
T LTI T T T T T TT || 87 | b ) . ; J, Donpler
-1l -0!5 0 0's 1 115 2, BLUE ¢ A A A A RED
Wavevector ck | e? | tanhp /fsinhp | sechp coshp | cschp cothp | e’
(units OfCKA=2']06/m) " - ' 1 5 1 . 5
el | ==05 | ==06) ==0.75 | —=0.80 —=125|—=133 ==167 | ==2.0
2 S 4 5 4 3 3 1




Galileo Galilei

- Galileo’s Revenge (part 1)
k. Rapidity adds just like
Rt Galilean velocity
1564-1642

Galileo’s Revenge (part 2)
Phasor angular velocity
adds just like
Galilean velocity
Optical interference “baseball-diamond™ displays phase and group velocity
Details of 2CW wavefunctions in rest frame
Pulse waves (PW) versus Continuous Waves (CW)
Doppler shifted “baseball-diamond” displays Lorentz frame transformation
Analyzing wave velocity by per-space-per-time and space-time graphs
16 coefticients of relativistic 2CW interference
¥ Two “famous-name” coefficients and the Lorentz transformation



[Lorentz transformations...

(units of

RelaWavity Web Simulation
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Two Famous-Name Coefficients 117¢ ¢!

This number
is called an-Einstein

time-dilation
(dilated by 25% here)

This number
is called a:-Lorentz

length-contraction
(contracted by 20% here)

(units of

7\./1:]/2le) _—

L Herman

F L Minkowski
: ’. 1 864-1909

Space x’
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—]/Zum)

I\IIII‘

2




Time ct’

Two Famous-Name Coefficients | B R Hierinan
-~ (units of | Y Vinkowski
A =120m) —32 ‘ “1864—1909

If you can’t explain 1t

don't understand 1t well enough.

Albert
Einstein
1859-1955

This number
is called an-Einstein
time-dilation
(dilated by 25% here)
This number
is called a-Lorentz

length-contraction
(contracted by 20% here)

B ondrik A
=4
e W [ orentz

Pa 1853-1928

Old ioned Notation

simply, you

ﬁﬁz%

RelaWavity Web Simulation
Relativistic Terms (Expanded Table)
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Reading Minkowski graph plots for e#=2.0 or f=u/c=3/5
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Minkowski graph (Multi-plot)
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Reading Minkowski graph plots for e#=2.0 or f=u/c=3/5
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Reading Minkowski graph plots for e#=2.0 or f=u/c=3/5
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Bob says: “ Alice! Your group-A of 0.4pim is 20% short! 2 17+ .
A=0.5um 7754

" 600THz 'C’t 817 600THz

fpaFZ adCO)VCV SOURCE SOURCE
or <- A . =

Lorentz
Contraction

SQEREE




Bob says: “ Alice! Your group-\ of 0.4jum is 20% short! <7+
A=0.5Wm 77 \\fﬂ (Seems we have

. - a most terrible
Heighway ' BTHZ lovers’ quarrel...

fpagadg% SOURGE ...both are right!)
or 2- — e : 3

Lorentz
Contraction

/
ce: “No Bob, you're — / X
e one with short | 7=1/2

SOUREE




P03,
Bob says: “ Alice! Your group-\ of 0.4pum is 20% short! 1*7“;“ 3
\ S (Seems we have

. l A=0.5m: 77" S /
. 1bl
Heighway 6 @ THZ BTHZ ?Orvnec;sst t;llgrr eel

A

paradox SOUXCE ...both are right!)
for2-CW —— A 1 =

Lorentz
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e 8 2" “No Bob, you're e =" S , S
i one with short 1= 1/2 = [ Carla: “I agree with Alice!

SOURCE SOURCE

b=2
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Lorentz contraction i1s a quantum matter-wave effect

More generally:
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So EVERYTHING is 20% short! ...or else cavity can’t resonate...
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Quantum mechanics

relativistic effect,

Relativity

quantum mechanical
effect.
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Galileo’s Revenge (part 1)
Rapidity adds just like
Galilean velocity
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Galileo’s Revenge (part 2)
Phasor angular velocity
adds just like
Galilean velocity
Optical interference “baseball-diamond™ displays phase and group velocity
Details of 2CW wavefunctions in rest frame
Pulse waves (PW) versus Continuous Waves (CW)
Doppler shifted “baseball-diamond” displays Lorentz frame transformation
Analyzing wave velocity by per-space-per-time and space-time graphs
16 coefticients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
3 Doppler Jeopardy & Thales geometric mean v geometry of Lorentz transformation



Doppler Jeopardy

o IR ..

V~600THz Q%f{ | v,=300THz
™,
EEETETREEREREREREY
(1.) To what velocity .+ must Bob accelerate so he sees beams with equal frequency . ?

(2.) What 1s that frequency ./ ?




Doppler Jeopardy

ol - 3 - - - & & 3

'UR 600THz j Pl DL 300THz

2
EEEEEERERER

(1.) To what velocity .+ must Bob accelerate so he sees beams with equal frequency . ?

(2.) What 1s that frequency ./ ?
Query (1.) has a Jeopardy-style answer-by-question: What 1s beam group velocity?

w w, —w w, —w
w, =V _ _group _ VR L _ R L

s kgroup kR - kL a)R + a)L




Doppler Jeopardy

l--------
1
'*%,»,

i
v~000THZ E 8 < uS00TH

EEEEEEERRER &
(1.) To what velocity .+ must Bob accelerate so he sees beams with equal frequency . ?

(2.) What 1s that frequency ./ ?
Query (1.) has a Jeopardy-style answer-by-question: What 1s beam group velocity? 300

4

=V - Ogrowp _ D = By _ Dp =0 V. =c W =W _ 600 - 300 _ lc
k k,—k, W, +w, W, +w, 600+300 3

group




Doppler Jeopardy

o] l--------

DR 600THz \“f DL 300THz

(1.) To what velocity /» must Bob accelerate so he sees beams with equal frequency ./ ?
(2.) What 1s that frequency . ?

300

Query (1.) has a Jeopardy-style answer-by-question: What 1s beam group velocity? 900
=V - Ogrowp _ D = By _ Dp =0 V. =c W =W _ 600 - 300 _ lc
Kooy  Kp =k W, +w, w,+w,  600+300 3

Query (2.) similarly: What . is blue-shift bw;, of w; and red-shift wr /b of wr?

w.=bw,=w,/b = b=\/a)R/a)L = W,=\] 0, W,



Doppler Jeopardy

v,=300THz

V,=600THZ \
,./ f

(1.) To what velocity . must Bob accelerate so he sees beams with equal frequency ./ ?
(2.) What 1s that frequency . ?

300

Query (1.) has a Jeopardy-style answer-by-question: What 1s beam group velocity? 900
=V - Ogrowp _ D = By _ Dp =0 V. =c W =W _ 600 - 300 _ lc
Kooy  Kp =k W, +w, w,+w,  600+300 3

Query (2.) similarly: What . is blue-shift bw;, of w; and red-shift wr /b of wr? J63 =342 424

w=bw=wb = b=Jo o, = 0=y, wi \%Ré%)SOO
1 = 424

Geometric mean



Doppler Jeopardy

DR 600THz DL 300THz

(1.) To what velocity /» must Bob accelerate so he sees beams with equal frequency ./ ?
(2.) What 1s that frequency . ?

300

Query (1.) has a Jeopardy-style answer-by-question: What 1s beam group velocity? 900
=V - Dgrop _ D = WOy _ Dr= O Vo= W =@ _ 600 - 300 _ lc
Kooy  Kp =k W, +w, W, +w, 600+300 3

Query (2.) similarly: What . is blue-shift bw;, of w; and red-shift wr /b of wr? J63 =342 424

NI,
w.=bw,=w,/b = b=\/a)R [w, = w.=Jw,;w, E RL
A = /180000
= 424
V roup/ € 18 ratio of difference mean w,,,,,= 5 to arithmetic mean W=7 . Frequency : =
is the Jo o, of left and right-moving frequencieq defining the geometry

Geometric mean
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Galileo’s Revenge (part 1)
Rapidity adds just like
Galilean velocity

Galileo’s Revenge (part 2)
Phasor angular velocity
adds just like
Galilean velocity
Optical interference “baseball-diamond™ displays phase and group velocity
Details of 2CW wavefunctions in rest frame
Pulse waves (PW) versus Continuous Waves (CW)
Doppler shifted “baseball-diamond” displays Lorentz frame transformation
Analyzing wave velocity by per-space-per-time and space-time graphs
16 coefticients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
3 Thales geometric mean v geometry of Lorentz transformation



Thales Mean Geometry (600BCE)

helps “Relawavity”
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Thales Mean Geometry (600BCE)

helps “Relawavity” Thales showed a circle diameter subtends a right angle with any circle point P

Thales of ,
Miletus N R/
024-543BCE Per-[lime Transformed/Per-Time
W - axis W'/~ axis
Slope-tofvertical 41
Frequency‘unit: =V c=3/5=——
1 " 3 grou 4+1
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This leads to a convenient
construction of geometric means

d relativistic hyperbolas.
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coshp (1+4)/~2
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) -1, 1 C . Ck- axis
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Galileo’s Revenge (part 2)
Phasor angular velocity
adds just like
Galilean velocity
Optical interference “baseball-diamond™ displays phase and group velocity
Details of 2CW wavefunctions in rest frame
Pulse waves (PW) versus Continuous Waves (CW)
Doppler shifted “baseball-diamond” displays Lorentz frame transformation
Analyzing wave velocity by per-space-per-time and space-time graphs
16 coefticients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformationsp..and invariant hyperbolas <



Thales Mean Geometry (600BCE)

helps “Relawavity” Thales showed a circle diameter subtends a right angle with any ciyele point P

Thales of )
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Laser base frequeniey = B = 600THz
Doppler blue shift factor< b = 2.000
Doppler red shift factor = r =0.500

0 =0.693

CW Light Axiom
All colgrs goc: w/k =cor
Time Reversal (r <> b): r

&R.on diagonals

G' = Geosh(p) +\Psinh(p)
P' = Gsinh(Q) + Pcosh(p)
G = G'cosh(p) - P'sinh{Q)
P = -G'sinh(p)'+ P'cosh(Q

Visual Max=790THz

Per-Time (w)

Acoustical base frequency = B = 600Hz

1500TH:

900THz

(( !} / / / r / / /
( / ! : / ) y / / / - _
1 1 1 1 1 l ( | / .' = l "‘ : - l/ 1 l L 1 1 L I 1 1 L L Flerl slpl el (CkJ
20 7/ 1/ 110 20
RelaWavity Web Simulation / /7
Detailed Thales Geometry ~ Be*
[ | S s / // / Blue skift
Select from the top menus to choose the vigw type and sub-type.” /7 /] axis: r,bj the green semi-circle: o; the hyperbolae: v
Click the 'Controls' button to set shared model & display vars. 7 /7 Richt (or CTRL+) click ficure to set plot specific vars. \ [\
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A view of a conical intersection: Any vertical cross-section is hyperbolic avoided-crossing

Recall ABD U(2) system in Lect. 23 p.93

(@)  |1)=IN-up) 12)=|N-dn)

(b) H=L+H2

[=)=11)-12)
2 V2

eigenstate
- 10

Fig. 10.3.2 Ammonia (NH3) inversion states
(a) Base states (b) C-Eigenstates

10.3.1 (a) Two state eigenvalue "diablo" surfaces and conical intersection and pendulum eigenstates.

(Also known as a “Dirac-point™)
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A to B to A Symmetry breaking described by hyperbolic eigenvalues of Ao 4 +BO'B=H=( oy }

B -4

B -4

H= [ A B } Secular equation: e2-0-e— (A2 + Bz) gives hyperbolic energy levels: € =+V A + B?
Recall ABD U(2) system in Lect. 23 p.90

H(B — basis) H(A - basis) - ~ |
0.1 0995 =(y|
L L1 Energy
[? ? ]_(1 —1 ]( +4 B ) ! —1] v Freq(l)lrency
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1

= e E
1(+A+B B_A] 1 1]

2\ +4-B B+ 4

_ [ 28 24
- (2/1 —23] @

Ix)
)N\V‘V

CIN2 -2 = ()

0995 0.1 =(x|

ly)
#Tl’@

Here we display
eigenvalues and
eigenvectors while
holding B constant
and varying A.
Obviously it can be
done vice-versa and

= ( +8 4 ] g with varying C, too.
Np(mhvp E \\ a I g
|1)=IN-up) 12)=|N-dn) +pE ) g Zero [E § Positive E
B +B
«pEl= .
o pE (A=pE)-Axis
|+):|15+| ) |—-)=11)—{2) :
V2 A(<<B) ] oA B AesB) B (Applied field)
} B D(>>BZ g | B A 3 B p(<<B) )
<— —>
> I— —_—
—

Fig. 10.3.2 Ammonia (NH3) inversion states
(a) Base states (b) C-Eigenstates

y ")
O $
“up’,

) N2 1A =)
> W)
Z S x)

-~ ~
0995 0.1  =(x]
Fig. 10.3.1 (b) Wigner avoided level crossing. (Fixed tunneling

GGdn’,

V) NG
,ﬁ\ﬂ
¢( [x)

0.1 0995 " =(y]

and variable A-D=pE field.)
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Galileo Galilei

Galileo’s Revenge (part 1)
Rapidity adds just like
Galilean velocity

1564-1642

Galileo’s Revenge (part 2)
Phasor angular velocity
adds just like
Galilean velocity

3 Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity <«



Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)
toa Transverse*relativity parameter: Stellar aberration angle

*ewis Carroll Epstein, Relativitatstheorie, Birkhduser, (2004) gatier Engish version (1985)-

We used notation O

Observer fixed below star sees it directly overhead. for stellar-ab-angle,
. . . . 66ﬂ d t’)
Observer going u sees star at angle in u direction. ](fpstelﬁlp §ot?§tere’2t)ed

i /
- ~y in O analysis or in
' Stellar aberration angleO: *S A \ relglon of 0 and .

/

c tanhp=u=csinc
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Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)

to a TI'&IISVGI’SC*I’GlaﬁVity parameter: Stellar aberration angle O

*Lewis Carroll Epstein, Relativitdtstheorie, Birkhaduser, (2004 ) atier Engish version (1985)-

Proper time ¢t vs. coordinate space X - (L. C. Epstein’s “Cosmic Speedometer”) | ruscomimn
Particles P and P" have speed u in (x',ct’) and speed c in (x, cT) T
Proper time CT

cT=N(ct - (x')?

Coordinate FEinstein time dilation: _
x'=(u/c)ct’ =ut’ ct’=cT seco=cT coshp = C’C/\/ 102/

Lorentz length contraction.

L’= L sechp = Lcoso = L-\/I u’/c”

Contracted L’

L/=IN1-u2/c?
\
L

Proper Time asimultaneity.

¢ AT= L’ sinhp = L cosc sinhp
= L cosO tan |
=Lsinc =1L /\/CZ/UZ-I ~ L u/c

Proper length

Relativit Web Simulation - Relativistic Events in Relativlit Web Simulation - Relativistic Events in Relativit Web Simulation
Main Lighthouse’s Space-Time Frame Ship’s Space-Time Frame Epstein plot
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Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)

to a TI'&IISVGI’SC*I’GlaﬁVity parameter: Stellar aberration angle O

*Lewis Carroll Epstein, Relativitdtstheorie, Birkhaduser, (2004 ) atier Engish version (1985)-

Proper time cT vs. coordinate space x - (L. C. Epstein’s “Cosmic Speedometer”) - o~
Particles P and P" have speed u in (x',ct’) and speed c in (x, cT) b
Proper time CT

cT=N(ct - (x')?

Coordinate FEinstein time dilation: _
x'=(u/c)ct’ =ut’ ct’=cT seco=cT coshp = C’C/\/ 102/

Lorentz length contraction.

L’= L sechp = Lcoso = L-\/I u’/c”

Contracted L’

L/=IN1-u2/c?
\
L

Proper Time asimultaneity.

¢ AT= L’ sinhp = L cosc sinhp
= L cosO tan |
=Lsinc =1L /\/CZ/UZ-I ~ L u/c

Proper length

Epstein’s trick is to
turn a hyperbolic form ¢7 = \/ (ct’)’ —(x')°
Into a circular form:

\/ (cT)* +(x")* =(ct’)  Then everything (and everybody) always goes speed ¢ through (x',c7) space!
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Rapidity adds just like
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Galileo’s Revenge (part 2)
Phasor angular velocity
adds just like
Galilean velocity
Optical interference “baseball-diamond™ displays phase and group velocity
Details of 2CW wavefunctions in rest frame
Pulse waves (PW) versus Continuous Waves (CW)
Doppler shifted “baseball-diamond” displays Lorentz frame transformation
Analyzing wave velocity by per-space-per-time and space-time graphs
16 coefticients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation ...and invariant hyperbolas

Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic p-geometry connects to transverse circular o-geometry <«
$» “Occams Sword” and geometry of functions of p and o Minkowski animations
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Summary of optical wave parameters for relativity and QM
...and their geometry
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Galileo’s Revenge (part 2)
Phasor angular velocity
adds just like
Galilean velocity
Optical interference “baseball-diamond™ displays phase and group velocity
Details of 2CW wavefunctions in rest frame
Pulse waves (PW) versus Continuous Waves (CW)
Doppler shifted “baseball-diamond” displays Lorentz frame transformation
Analyzing wave velocity by per-space-per-time and space-time graphs
16 coefticients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation ...and invariant hyperbolas

Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic p-geometry connects to transverse circular o-geometry

“Occams Sword” and geometry of functions of pand o 3 Minkowski animations <
Application to TE-Waveguide modes synchrotron beam relativity
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Galileo’s Revenge (part 2)
Phasor angular velocity
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Optical interference “baseball-diamond™ displays phase and group velocity
Details of 2CW wavefunctions in rest frame
Pulse waves (PW) versus Continuous Waves (CW)
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Analyzing wave velocity by per-space-per-time and space-time graphs
16 coefticients of relativistic 2CW interference
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Optical wave guide relativistic geometry aided by Occam’s Sword
geometry applies to (x,y) space-space
to (kv ky)per-space-per-space
to (x,ct) space-time

AYis ' > | o=30°

‘J\\ TANWAWAWA

SoSSeaws s ———o== AL
WA NN, N N e A : '
‘.:;:‘i_egAgA%;}, ';él‘::,' g :
N SA T~V Y SN 7 -l e ¢ AV AN ~ T
AL A PN, S\
: AN X ~// m alPER , - ,
<\ . > \v&"'&v"!"é‘z"l:‘l A“’ g -~ S~ ; L Vgi’oup Vp/zasc
o ) — i P =c tanh p =ccothp
Aphuse N )’=—§ k,(-) A =C Sin o =CCSCO
- A
KEY: | ’ /\phase :
Re E phase k-vectors and rays wave-fronts =Bcschp | v A=C/2 Y :
wave zeros upward downward crest trough = Beots | | | fe-eeeet---a-- :
[ \ / =Lcoto '
o k(+) \ 7/ % ¢ :
@ \/ group = | Wy
o //j(') R (i 0 A'C v,

1
phase ! phase
---------------- 1

2c



Optical wave guide relativistic geometry aided by Occam’s Sword
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Galileo’s Revenge (part 2)
Phasor angular velocity
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Galilean velocity
Optical interference “baseball-diamond™ displays phase and group velocity
Details of 2CW wavefunctions in rest frame
Pulse waves (PW) versus Continuous Waves (CW)
Doppler shifted “baseball-diamond” displays Lorentz frame transformation
Analyzing wave velocity by per-space-per-time and space-time graphs
16 coefticients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation ...and invariant hyperbolas

Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic p-geometry connects to transverse circular o-geometry
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(a) Spherical wave pair] Spherical wave relativistic geometry

In Alice-Carla frame Also, aided by Occam’s Sword
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RelaWavity Web Simulation
Spectral Ellipse {u/c = sqrt(1/3),
w/ray count of 60}



https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=6,3&protractorInd=2&protractorVectorCnt=60&velocity=0.5755&gCircleInd=1&asympInd=2&insetInfoInd=0&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=2
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Spherical wave

relativistic geometry
u/c =1/3
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RelaWavity Web Simulation
Spectral Ellipse {u/c = sqrt(1/3),
w/k-ray count of 60}



https://modphys.hosted.uark.edu/markup/RelaWavityWeb.html?plotType=6,3&protractorInd=2&protractorVectorCnt=60&velocity=0.5755&gCircleInd=1&asympInd=2&insetInfoInd=0&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=2

