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

2018 CMwBang! site Class YouTube Channel  You-Tube site displays related videos world-wide

AIP publications AJP article on superball dynamics AAPT summer reading

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

Older ones:
https://modphys.hosted.uark.edu/ETC/MISC/Wave-particle duality of C60 molecules - arndt-1tn-1999.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Optical Vortex Knots - One Photon At A Time - Tempone-Wiltshire-Sr-2018.pdf



https://modphys.hosted.uark.edu/markup/CMwBang_TitlePage.html
https://modphys.hosted.uark.edu/markup/CMwBang_TitlePage.html
https://www.youtube.com/channel/UC2KBYYdZOfotnkUOTthDjRA
https://www.youtube.com/channel/UC2KBYYdZOfotnkUOTthDjRA
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Velocity_Amplification_in_Collision_Experiments_Involving_Superballs-Harter-1971.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Velocity_Amplification_in_Collision_Experiments_Involving_Superballs-Harter-1971.pdf
https://www.scitation.org/
https://www.scitation.org/
https://aip-info.org/37VS-QW7L-1462CY2628/cr.aspx?v=1
https://aip-info.org/37VS-QW7L-1462CY2628/cr.aspx?v=1
https://modphys.hosted.uark.edu//ETC/MISC/Sorting_ultracold_atoms_in_a_three-dimensional_optical_lattice_in_a_realization_of_Maxwell%E2%80%99s_demon_-_Kumar-n-2018.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Synthetic_three-dimensional_atomic_structures_assembled_atom_by_atom_-_Barredo-n-2018.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Wave-particle_duality_of_C60_molecules_-_arndt-ltn-1999.pdf
https://modphys.hosted.uark.edu/ETC/MISC/Optical_Vortex_Knots_-_One_Photon__At_A_Time_-_Tempone-Wiltshire-Sr-2018.pdf
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The Weapons of Math Instruction

(a) Toolbox 1. Euclidian Geometry

(b) Toolbox 2. Navigational Geometry

parallel rule, ruler, and protractor

(c) Toolbox 3. Analytical geometry

Graph paper and calculator

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

Rect xy- Polarrf

II/Z dz=Inz o000

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

Harter- %/

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

r M L.

ool & w

g '1]" E

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

So far we mostly use

1oolbox (a-b)

What follows uses
Toolbox (c) ...

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

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

Geometric (Power) series
“Zig-Zag” exponential geometry
Projective or perspective geometry
== Parabolic geometry of harmonic oscillator kr2/2 potential and -kr! force fields
Coulomb geometry of -1/r-potential and -1/r’>-force fields
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A more conventional parabolic geometry...(uses focal point)

(a) Parabolic Reflector y=x?

(b)Parabolic geometry
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A more conventional parabolic geometry...
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...conventional parabolic geometry...carried to extremes...

Parabola
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tangent slope=-2 slope= ] tangent slope=-5/2 slope=1/2

Unit 1
Fig. 9.4



Geometry of common power-law potentials

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

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

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

1 1 Newtons - meter -
Fo“ (1) = 99\ here:—— =9,000,000,000 XWons meter square
dme, 1 4TE, per square Coulomb
T quantum of charge: |e|=1.6022-10-1° Coulomb

Repulsive (+)(+) or (-)(-)

Attractive (1)(-) or (-)(+) Discussion of repulsive force and PE in Ch. 9...

I(a). Electrostatic potential energy between q(Coulombs) and Q(C.)

1 1 Joul
Ur)=——92 \here:—— =9,000,000,000 -
4me, r 4TE, per square Coulomb
Nuclear size ~ 1015 m = 1 femtometer =1fm Atomic size ~ I Angstrom = 10-10m
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Geometry of idealized “Sophomore-physics Earth”™

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

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



Coulomb force vanishes inside-spherical shell Gauss-law)

Fig. 9.6
Shell mass element 5
m =(solid-angle factor A) d2 m -
Gravity at I’ T
due to shell mass elements _and
GM-Gm _ i t\(ess
D2 d? B A= ._ I f N\ }
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( )A — N /
d? \| \
Cancellatwn of N N {
Shell mass element R
M =(solid-angle factor A )D24) SN

Coulomb force inside-spherical body due to stuff below you, only.

Gravitational force at r_ 1s
just that of planet( uJbelow r_

spherical coordinate
set-up for integration
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Coulomb force inside-spherical body due to stuff below you, only.

Gravitational force at r_ 1s
Note:

just that of planet@below r_ Hooke's (linear) force law
for r< inside uniform body
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F’””de(r<)=Gm = =Gm4ﬂ r. —Gm47r Pol. = "< =g
r 3 4m 3 3 ®

< — T
3




Coulomb force vanishes inside-spherical shell Gauss-law)

Fig. 9.6
Shell mass element 5
m =(solid-angle factor A) d2 m -
Gravity at I’ T o)
due to shell mass elements _and
GM-Gm _ i t\(ess
D2 d? B A : Uaa I f N\ }
N2 d2 sm@ \\ \
( )A — N /
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Cancellatwn of N N {
Shell mass element =4\
M =(solid-angle factor A )D24) SN

Coulomb force inside-spherical body due to stuff below you, only.

Gravitational force at r_ 1s v
. ote:
just that of planet@below r_ Hooke's (linear) force law

for r< inside uniform body

o mM ar M 4 r
F™(r)=G—==Gm - r<=Gm—ﬂp@r<=mg —=mg-X
r. 3 4m 5 ®
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3 <
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Coulomb force vanishes inside-spherical shell (Gauss-law) Unit 1
Fig. 9.6
Shell mass element s
m =(solid-angle factor A) d2 m -
Gravity at I’ T o)
due to shell mass elements .and
GM-Gm _ ' t\(ess
D2 d? B A : Uaa I I N\ }
D2 . 2 sm@ . \
( ) A= O \ /
a Cancellatwn of | N {
Shell mass element =X
M =(solid-angle factor A)D? >R

Coulomb fo

Earth surface gravi

G=6.673

Earthradius : R, =6.371-10°m=6.4-10°m
Earthmass : M, =5.9722 x 10*kg.=6.0-10* kg.

rce inside-spherical body due to stuff below you, only.

Gravitational force at r_ 1s

Note:

just that of planet@below v

Hooke's (linear) force law
for r< inside uniform body

o mM ar M 41 r
F™*(r.)=G—==Gm ; r.=CGm—pgr.=mg—=mg-x
V. 3 47 3 3 @
r.
3

M Aar M 4
S+ =G= 2R, =G — 2Ry =G poRo =981 s

JO-INm2/C2 ~(2/3) 10-10 ® ® 2R :

Solar radius : R = 6.955 X 10°m.=7.0-10° m.
Solar mass : M =1.9889 X 10°kg.=2.0-10" kg.



Geometry of idealized “Sophomore-physics Earth”™
Coulomb field outside Isotropic Harmonic Oscillator (IHO) field inside

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

Earth matter vs nuclear matter:
Introducing the “neutron starlet” and “Black-Hole-Earth”



The ideal “Sophomore-Physics-Earth” model of geo-gravity
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...conventional parabolic geometry...carried to extremes...

(From p.18)
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surface gravity: g =—G—;
<o o
A Dissociation threshold : PE=0

“Three (equal) steps from Hell”
MG—)

O-orbit energy: £, =+G

©-orbit speed: v, =, |G
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(r=R)-orbit frequency:
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o ¢
Suppose Earth radiusccrushed to 1/2: (R-=6.4-10om crushed to R-/2=3.2-10°m )
o

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

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




Geometry of idealized “Sophomore-physics Earth”™

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

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



Examples of “crushed” matter

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

(6.4)3~262 and (47/3)260=1098~103
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Examples of “crushed” matter Po= GalmR. <

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

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

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

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

Density of solid Fe=7.9-103kg/m3
Density of liquid Fe=6.9-103kg/m3
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Examples of “crushed” matter Po= GalmR. <

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

Nuclear matter Nucleon mass =1.67-1027kg.~ 2-10-27kg. ("fingertip physics”)
Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a mass 2-10-?7kg.



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

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

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

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

[4732=36m=113~10?]10-45
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Examples of “crushed” matter Po= GalmR. <

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

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

Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a mass 2-10-?7kg.
\
That’s 100-10-27=10-?5 kg packed into a volume of 47/3r3= /3 (3-10-1°)3 m3 or about 10-%3 m3.
[4732=367=113~102]10-5
Nuclear density 1s 10-2+43 = [(18kg /m3 or a trillion (10!?) kilograms 1n a fingertip(1cm)3.
(1cm)3=(10-?m)3=10-m3
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Examples of “crushed” matter Po= GalmR. <

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

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

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




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

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

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

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

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

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

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

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



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

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

= [antasizing a “‘Black-Hole-Earth”



Examples of “crushed” matter

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

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

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

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

crush®

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

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

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

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

( from p. 67,..,82 )
G=6.673-10-11Nm?/C?
~(2/3)10-10
( from p. 60)
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Examples of “crushed” matter Po= GalmR. <

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

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

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

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

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

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

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



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

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

as well to d

[X(O and Vv

given

imensions

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

[z(t) and v:

v(t)] in the

ideal isotropic case.




Isotropic Harmonic Oscillator phase dynamics in uniform-body

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

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



Isotropic Harmonic Oscillator phase dynamics in uniform-body

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

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



Isotropic Harmonic Oscillator phase dynamics in uniform-body

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




Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (D)

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




Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (D)

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




Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (D)

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




Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (D)

Unait 1
L.H.O. Force law Fig. 9.10
F=-x (1-Dimension) W
F =-r (2 or 3-Dimensions)
S | 1-D 2-D or 3-D
Each dimension x, y, or z obeys the following: : 0 (Paths are always 2-D
Total E= KE + PE=—mv’> +U(x)=—mv’ +—kx’ = const. ellipses if viewed
: : 2 2 2 right!)
Equations for x-motion ) )
[x(1) c;'fd :X;Z (1] ar el | my’ . kx’ v Jox
given first. They apply = =
as well to dimensions 2E  2F v 2E /m v 2E /k
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: bydet 3 | | o) |




Isotropic Harmonic Oscillator phase dynamics in uniform-body
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Isotropic Harmonic Oscillator phase dynamics in uniform-body
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Introducing 2D IHQO orbits and phasor geometry

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



Lsotropic Harmonie Oscinaror makes balls in parallel tunnel track each other

o




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

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

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



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

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

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

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



Isotropic Harmonic Oscillator phase dynamics in uniform-body

0 x-velocity v,/m
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RelaWavity web simulation -
Contact ellipsometry

Introduction to Phasors at our Pirelli Relativity Site

BoxIt web simulation - With y-Phasor is on other side of xy plot



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

(a) Phasor Plots

for
2-D Oscillator

or

Two 1D Oscillators -
(x-Phase 90° behind

the y-Phase)
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These are more generic examples
with radius of x-phasor differing
from that of the y-phasor.

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



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

