2019 CMwBang! site

Class YouTube Channel

Kinetic Derivation of 1D Potentials and Force Fields
(Ch. 6, and Ch. 7 of Unit 1)

Review of (V1,V2)—(v1,y2) collision dynamics  High mass ratio M/m> =49

Force “field” or “pressure” due to many small bounces

Force defined as momentum transfer rate
The 1D-Isothermal force field F(y)=const./y and the 1D-Adiabatic force field F(y)=const./y3

Potential field due to many small bounces
Example of 1D-Adiabatic potential U(y)=const./)?
Physicist’s Definition F=-AU/Ay vs. Mathematician's Definition F=+AU/Ay
Example of 1D-Isothermal potential U(y)=const. In(y)

“Monster Mashclassical segue to Heisenberg action relations

Example of very very large M| ball-wall(s) crushing a poor little m>
How m; keeps its action
An interesting wave analogy: The “Tiny-Big-Bang” [Harter J Mol Spec. 210, 166-182 (2001)]; [Harter, Li IMSS (2013)]
A lesson in geometry of fractions and fractals: Ford Circles and Farey Sums
[Lester. R. Ford, Am. Math. Monthly 45.586(1938)]; [John Farey, Phil. Mag.(1816) Wolfram]; [Li. Harter, Chem.Phys.Letters (2015) Elsevier]

[Li, Harter. Chem.Phys.Letters (2015) Local Copy]



http://www.sciencedirect.com/science/article/pii/S0022285201984498
https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/QTCA_PapersNTalks/MorseRevivals5.31.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/S0009261415003784
https://www.youtube.com/channel/UC2KBYYdZOfotnkUOTthDjRA
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Quantum_Revivals_of_Morse_Oscillators_and_Farey-Ford_Geometry_-_Li-Harter-cpl-2015.pdf

Supplementary references and Interest items

Web Resources - front page Quantum Theory for the Computer Age 2017 Group Theory for QM
UAF Physics UTube channel Principles of Symmetry, Dynamics, and Spectroscopy 2018 Adv CM
Classical Mechanics with a Bang! 2018 AMOP
Modern Physics and its Classical Foundations 2019 Advanced Mechanics
ek
AIP publications AJP article on superball dynamics AAPT summer reading

WHAPPED BASEBALL \

A baseball pitcher imparts a lot of kinetic energy to
a fastball. When a batter hits the ball and sends it
over the fence for a home run, he adds more energy
to the ball. Compared with the kinetic energy of the
pitched ball, the amount of energy typically added is

A. about twice as much.

B. about half again as much.
C. only slightly more.

/- How about the change in B, e T
momentum of the batted ball?
\ : thanx to David Kagan oF oo ‘/

(The answer to this month's “Figuring Physics" can be found at TPT Online, http://scitation.aip.org/upload/AAPT/TPT/Figuring/jan2017.pdf. The answer
will also be printed in the February issue of The Physics Teacher. The answer to December’s question appears on p. 54 of this issue.



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/markup/Harter-SoftWebApps.html
https://www.youtube.com/channel/UC2KBYYdZOfotnkUOTthDjRA
https://modphys.hosted.uark.edu/markup/CMwBang_UnitsDetail_2017.html
https://modphys.hosted.uark.edu/markup/PSDSWeb.html
https://modphys.hosted.uark.edu/markup/QTCA_UnitsDetail.html
https://modphys.hosted.uark.edu/markup/MPCF_Info_2012.html
https://modphys.hosted.uark.edu/markup/QTCA_Info_2018.html
https://modphys.hosted.uark.edu/markup/CMwBang_Info_2019.html
https://modphys.hosted.uark.edu/markup/GTQM_Info_2017.html
https://modphys.hosted.uark.edu/markup/CMwBang_Info_2018.html

Running Reference Link Listing

Web Resources - front page Quantum Theory for the Computer Age 2017 Group Theory for QM
UAF Physics UTube channel Principles of Symmetry, Dynamics, and Spectroscopy 2018 Adv CM
Classical Mechanics with a Bang! 2018 AMOP
Modern Physics and its Classical Foundations 2019 Advanced Mechanics
Lecture #4

AAPT Summer Reading List
Scitation.org
HarterSoft Youtube Channel

Bounceltlt Web Animation - Scenarios:

49:1vvst 49:1 V2 vs V1, 1:500:1 - 1D Gas Model w/ faux restorative force (Cool),
1:500:1 - 1D Gas (Warm), 1:500:1 - 1D Gas Model (Cool, Zoomed in),
Farey Sequence - Wolfram

Fractions - Ford-AMM-1938

Monstermash Bounceltlt Animations:

1000:1 - V2 vs V1, 1000:1 with t vs x - Minkowski Plot
Quantum Revivals of Morse Oscillators and Farey-Ford Geometry - Li-Harter-2013
Quantum_Revivals_of Morse Oscillators_and Farev-Ford Geometry - Li-Harter-cpl-2015

Quantum Revivals of Morse Oscillators and Farev-Ford Geometry - Harter-Li-CPL-2015 (Publ.)
Velocity Amplification_in_Collision Experiments Involving Superballs-Harter-1971
Wavelt Web Animation - Scenarios:

Quantum_Carpet, Quantum_Carpet wMBars, Quantum_Carpet_BCar, Quantum_Carpet BCar_wMBars
Wave Node Dynamics and Revival Symmetry in Quantum Rotors - Harter-JMS-2001

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



https://aip-info.org/37VS-QW7L-1462CY2628/cr.aspx?v=1
https://www.scitation.org/
https://www.youtube.com/channel/UC2KBYYdZOfotnkUOTthDjRA
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1009
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1010
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=2081
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=20810
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=20811
http://mathworld.wolfram.com/FareySequence.html
http://www.cimat.mx/~gil/docencia/2008/elementales/circulos_ford.pdf
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=3000
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=3004
http://www.uark.edu/ua/modphys/pdfs/QTCA_Pdfs/QTCA_PapersNTalks/MorseRevivals5.31.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Quantum_Revivals_of_Morse_Oscillators_and_Farey-Ford_Geometry_-_Li-Harter-cpl-2015.pdf
http://www.sciencedirect.com/science/article/pii/S0009261415003784
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Velocity_Amplification_in_Collision_Experiments_Involving_Superballs-Harter-1971.pdf
https://modphys.hosted.uark.edu/markup/WaveItWeb.html?scenario=Quantum_Carpet
https://modphys.hosted.uark.edu/markup/WaveItWeb.html?scenario=Quantum_Carpet_wMBars
https://modphys.hosted.uark.edu/markup/WaveItWeb.html?scenario=Quantum_Carpet_BCar
https://modphys.hosted.uark.edu/markup/WaveItWeb.html?scenario=Quantum_Carpet_BCar_wMBars
http://www.sciencedirect.com/science/article/pii/S0022285201984498
http://www.sciencedirect.com/science/article/pii/S0022285201984498
https://modphys.hosted.uark.edu/markup/Harter-SoftWebApps.html
https://www.youtube.com/channel/UC2KBYYdZOfotnkUOTthDjRA
https://modphys.hosted.uark.edu/markup/CMwBang_UnitsDetail_2017.html
https://modphys.hosted.uark.edu/markup/PSDSWeb.html
https://modphys.hosted.uark.edu/markup/QTCA_UnitsDetail.html
https://modphys.hosted.uark.edu/markup/MPCF_Info_2012.html
https://modphys.hosted.uark.edu/markup/QTCA_Info_2018.html
https://modphys.hosted.uark.edu/markup/CMwBang_Info_2019.html
https://modphys.hosted.uark.edu/markup/GTQM_Info_2017.html
https://modphys.hosted.uark.edu/markup/CMwBang_Info_2018.html

Running Reference Link Listing

Web Resources - front page
UAF Physics UTube channel

Bouncelt Superball Collision Web Simulations

With ¢=0 and 70:10 mass ratio

With non zero g, velocity dependent damping and mass ratio of 70:35

Quantum Theory for the Computer Age
Principles of Symmetry, Dynamics, and Spectroscopy

Classical Mechanics with a Bang!
Modern Physics and its Classical Foundations

Prior to Lecture #4

mi:mz = 3:1 Dual plots
v2vsviand V2vs Vi

2017 Group Theory for QM
2018 Adv CM
2018 AMOP
2019 Advanced Mechanics

(v, v2)=(1, 0.1) (vi, v2)=(1, 0)

mip:my = 3:1

M;=49, M>=1 with Newtonian time plot

M1=49, M>=1 with V> vs Vi plot

Example with friction

Low force constant with drag displayving a Pass-thru, Fall-Thru, Bounce-Off

2 vs yi plots

(vi, v2)=(1, 0.1) (vi, vJ)=(1, 0)

(vi, vJ)=(1, -1)

mi:my = 3:1

Fetranoian nlat > vg /) (vi, v2)=(0, 1)

(vi, v2)=(1, -1)

mimy =4:1
vi. vo)=(1. 0)

ml:m2=3:1 and (vl, v2) = (1, 0) Comparison with Estrangian

V> vs Vi Estrangian plot
v2 vs vl plot

v2 vs v; plot
mi:mz = 100:1 (vi, v2)=(1, 0)

V2 vs y1 plot

X2 paper: Velocity Amplification in Collision Experiments Involving Superballs - Harter. et. al. 1971 (pdf)

Car Collision Web Simulator: https://modphys.hosted.uark.edu/markup/CMMotionWeb.htm!

Superball Collision Web Simulator: https://modphys.hosted.uark.edu/markup/BounceltWeb.html; with Scenarios: 1007
Bouncelt web simulation with g=0 and 70.10 mass ratio

With non zero g, velocity dependent damping and mass ratio of 70:35

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

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



https://modphys.hosted.uark.edu/markup/Harter-SoftWebApps.html
https://www.youtube.com/channel/UC2KBYYdZOfotnkUOTthDjRA
https://modphys.hosted.uark.edu/markup/CMwBang_UnitsDetail_2017.html
https://modphys.hosted.uark.edu/markup/PSDSWeb.html
https://modphys.hosted.uark.edu/markup/QTCA_UnitsDetail.html
https://modphys.hosted.uark.edu/markup/MPCF_Info_2012.html
https://modphys.hosted.uark.edu/markup/QTCA_Info_2018.html
https://modphys.hosted.uark.edu/markup/CMwBang_Info_2019.html
https://modphys.hosted.uark.edu/markup/GTQM_Info_2017.html
https://modphys.hosted.uark.edu/markup/CMwBang_Info_2018.html
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Velocity_Amplification_in_Collision_Experiments_Involving_Superballs-Harter-1971.pdf
https://modphys.hosted.uark.edu/markup/CMMotionWeb.html
https://modphys.hosted.uark.edu/markup/BounceItWeb.html
http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=1007
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1007
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=6300
https://modphys.hosted.uark.edu/markup/CMMotionWeb.html?scenario=20003
https://modphys.hosted.uark.edu/markup/CMMotionWeb.html?scenario=20005
https://modphys.hosted.uark.edu/markup/CMMotionWeb.html?scenario=20004
https://modphys.hosted.uark.edu/markup/CMMotionWeb.html?scenario=20006
https://modphys.hosted.uark.edu/markup/BounceMatWeb.html
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=6300
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1007
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1009
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1010
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1111
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1014
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1016
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1014
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1015
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1026
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1024
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1025
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1014
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1124
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1114
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1214
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1224

Review of (V1,V3)—(y1,y2) relations
- [igh mass ratio M;/m> =49



Geometric “Integration” (Converting Velocity data to Space-time trajectory)

v,

m2 Velocity axis 10
N

ym2 7.
12 g

.0

J

Example with masses: mi=49 and m>=1

\ Bang=67}) Kinetic Energy Ellipse
1 1 49 1
| KE=—my, +—m,, =—+—=25
Bang—4(1‘g) 2 2 2 2
. Bang:3g) 9 7 9111315 17 ]*9 2 2 2 2
v LA A - PR S S
5 2KE/m, 2KE/m, a a;
Bang=2(y2) : : : :
ya Ellipse radius 1 Ellipse radius 2
a,=J2KE/m, a, = \2KE/m,
Z =/2KE/49 = J2KE/1
1.0 ml Vdlocity axis Vyml — \’ 50/49 — 50/1
e, =101 =707
BT 01)
Bang-3 70
T b lon, | ¢ e
e

Fl 5 1 Bouncelt Superball Collision Web Simulator:
. g B M1=49, M>=1 with Newtonian time plot
in Unit 1

Bouncelt Superball Collision Web Simulator:
M =49, M>=1 with V> vs V; plot



https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1009
https://modphys.hosted.uark.edu/markup/BounceItWeb.html?scenario=1010

Force “‘field” or “pressure” due to many small bounces

Force defined as momentum transfer rate
The 1D-Isothermal force field F(y)=const./y and the 1D-Adiabatic force field F(y)=const./y3



Unit 1
Fig. 6.1

Big mass-m; ball feeling “force-field” or “pressure”
of small (m2 << my) rapidly (v2>>v;) bouncing ball
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Big mass-m; ball feeling “force-field” or “pressure”
of small (m> << mj) rapidly (v2>>v1) bouncing ball

(a) Uncompressed (b) Compressed

(Large Y-space) Low energy (Small Y-space)  High energy

“Cool “ Hot
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Big mass-m; ball feeling “force-field” or “pressure”
of small (m2><< my) rapidly (v2>>v) bouncing ball

(a) Uncompressed (b) Compressed
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Big mass-m; ball feeling “force-field” or “pressure”
of small (m> << mj) rapidly (v2>>v1) bouncing ball

(a) Uncompressed (b) Compressed
| (Large Y-space) Low energy (Small Y-space) High energy
Unait 1 “Cool LTy 66
: ool
Fig. 6.1 ' '
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Force Fon m; = (Momentu* per sec.) = (Momentum per Bang)-(Bangs per second)

.S more of a
def nition
than another
axiom

"Double- Whammy"

(harder hits
and

more hits/sec.)

Quantum Planck-axiom E=hnw begins with Energy not momentum
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Very skinny
Energy ellipse
for mi>>m>
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Double-Bang Sequences
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(a) After 2 Bangs (b) After 4 Bangs
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Quantum Planck-axiom E=hnw begins with Energy not momentum
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Force “‘field” or “pressure” due to many small bounces ¢

Force defined as momentum transfer rate
The 1D-Isothermal force field F(y)=const./y and the 1D-Adiabatic force field F(y)=const./y3
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ﬁ “High p

Y
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A
"Double-Whammy"
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AP 1 ’
F=—:(APz2m2v2)-( ~ 22 )z Vs Not a
At At 2Y

Y "Double-Whammy"...
2 ...only a
ID-Isothermal Force Law (assume V, is constant for all Y): |F = MyV, _ CONSI. "Single-Whammy'
Y Y
However, if ceiling is elastic, v, 1sn’t constant if m2; changes bounce range Y- 7 S
When m; collides with m; it adds twice its velocity (2v;) to v2. This occurs at “bang-rate” B=v>/2Y .
dv % dY v L. dv dY
—2 =2y B=2v -2 =-2——= simplifies to: —2 =———
: : : : .. d
Differential equation results and has logarithmic integral. j;x =Inx+C=log, x+log,e" =log,(e"x)
dv dYy . const. const.
—2 =—_"— integrates to: Inv,=—InY+C or: Inv,=In or: v, =
V) Y Y Y

Wall not given time to give or take KE

(a) Uncompressed (b) Compressed

(Large Y-space) Low energy (Small Y-space)  Hioh energy
“Cool H?_f

: A
V2 large ”DOUble'Whammy "
Big momentum transfe

@ “[{igh pressure”
< Y

| ~&— |/ small

Small' momentum transfer

_ <@—"Low pressure”
y] =H-Y ! Y
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AP 1 ;
FZ—Z(APzzmzvz)- = Y2 ~ Vs Not a
Af Af 2 Y Y "Double-Whammy"...
2 ...only a
ID-Isothermal Force Law (assume V, is constant for all Y): |F = MV, _ CONSE 'Single-Whammy"
Y Y
However, if ceiling is elastic, v, 1sn’t constant if m2; changes bounce range Y- —r =y = 2
When m; collides with m; 1t adds twice its velocity (2v;) to v2. This occurs at “bang-rate” B=v,/2Y .
iz =2 B =2y, 22 - —2d—YV—2 simplifies to: dvy = _ar

: : : : .. d.
Differential equation results and has logarithmic integral. j;x =Inx+C=log, x+log,e" =log,(e"x)

dY COnst. _const.

d .
e integrates to: Inv, ==InY+C or: Inv, =In or: v, =
Y Y Y

%)

Force law with this variable v> 1s called adiabatic or not-diabatic or not-gradual.

m, (VéNY(t = O))2 _const.

const. véNY(t = O) IF =

[ D-Adiabatic Force Law (assume v varies: Vv, = = ). 3 :
Y Y Y Y
(a) Uncompressed 1 (b) Compressed [ ] A
(Large Y-space) Low energy (Small Y-space) I;Iigh fnergy "Double-Whammy"
“Cool Hot
______ \ e e i
@k o
| ~&— /) small : V) large
Small momentum transfer Big momentum transfe
iy <@—“Low pressure* @i “[1igh pressure”
Vi > Y Pra Y




AP

2
V, | _ IV,

F =
At

:(APz2m2v2)-(Alt

ID-Isothermal Force Law (assume V,is constant for all ).

However, if ceiling is elastic, v, 1sn’t constant if m2; changes bounce range Y-

=

oy

>
_ myv,

const.

F =
Y

Y

[

Not a
"Double-Whammy"...
...only a
"Single-Whammy"

When m; collides with m; 1t adds twice its velocity (2v;) to v2. This occurs at “bang-rate” B=v,/2Y .

dvy =2v;B =2y, 2 ar vy simplifies to: dvy = _dar
Differential equation results and has logarithmic integral. j% =Inx+C =log, x+log, e =log, (e x)
d dYy . . .
h_ 2 integrates to: Inv, =—=InY+C or: Inv,=In O or Vy = o
1% Y Y , Y
F="22 p comes

Force law with this variable v> 1s called adiabatic or not-diabatic or not-gradual.

[ D-Adiabatic Force Law (assume v varies: Vv, =

See application on p.32
...or p.34

const. véNY (

m, (const .)2
YY?

\/d

Y

m, (VéNY(t = O))2 _const.

Y3

Y3

(a) Uncompressed

L Y-
(Large Y-space) Low energy

| ~&— /) small
Small momentum transfer
<@—"Low pressure*

y;=H-Y > ‘ < Y

(b) Compressed

(Small Y-space) High energy
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Potential field due to many small bounces

- [ xample of 1D-Adiabatic potential U(y)=const./y?
Physicist’s Definition F=-AU/Ay vs. Mathematician's Definition F=+AU/Ay
Example of 1D-Isothermal potential U(y)=const. [n(y)



Big mass-m; ball feeling “potential-field” or “gradient”
due to small (m2 << mj) rapidly (v>>>vi) bouncing ball

const. L
the total energy £ is strictly conserved.

In adiabatic case where v, =

I 1 1 1 const s
CO”St':EZEml"lz”LEsz%:5m1v12+5m2( ” j

Define for big mass m;: Kinetic energy |KE(vi)|vs| Potential energy PE(Y)=U(Y)

2
const. ]

Potential energy PE(Y)ZU(Y)Z%%( v

(a) Uncompressed ] (b) Compressed A
(Large Y-space) Low energy (Small Y-space) I;Iigh fnergy "Double-Whammy"
_Cool” - system
. o |
| |
| ~&— /) small | V) large
Small'momentum transfer Big }mome.ntum transfe
—HLY ‘—“Lowpressure “ ﬁ ‘ngh pressure “
V1 > Y - L




Big mass-m; ball feeling “potential-field” or “gradient”
due to small (m2 << mj) rapidly (v>>>v;) bouncing ball

const. L
the total energy £ is strictly conserved.

In adiabatic case where v, =

I 1 1 1 const s
CO”St':EZEml"lz”LEsz%:5m1v12+5m2( . j

Define for big mass m;: Kinetic energy |KE(vi)|vs| Potential energy PE(Y)=U(Y)

2
Potential energy PE(Y)=U(Y)= %mz(co;ﬂ'] relates to Force F(Y) thru Work relations F-dY=xdU

(a) Uncompressed (b) Compressed A

(Large Y-space) Low energy (Small Y-space) H]l_[ght energy "Double-Whammy"
0

“Cool

system
2

| <

| V) large

Big momentum transfe

@i “[1igh pressure”
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| ~&— /) small

Small momentum transfer
<@—"Low pressure*
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Big mass-m; ball feeling “potential-field” or “gradient”
due to small (m2 << mj) rapidly (v>>>v;) bouncing ball

const. L
the total energy £ is strictly conserved.

In adiabatic case where v, =

I 1 1 1 const s
CO”St':EZEml"lz”LEsz%:5m1v12+5m2( . j

Define for big mass m;: Kinetic energy |KE(vi)|vs| Potential energy PE(Y)=U(Y)

2
Potential energy PE(Y)=U(Y)= %mz(co;ﬂ'] relates to Force F(Y) thru Work relations F-dY=xdU

Q?Another axiom?

(a) Uncompressed (b) Compressed A

(Large Y-space) Low energy (Small Y-space) H]l_[ght energy "Double-Whammy"
0

“Cool

system
2

| <
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Big mass-m; ball feeling “potential-field” or “gradient”
due to small (m2 << mj) rapidly (v>>>v;) bouncing ball

const. L
the total energy £ is strictly conserved.

In adiabatic case where v, =

I 1 1 1 const s
CO”St':EZEml"lz”LEsz%:5m1v12+5m2( . j

Define for big mass m;: Kinetic energy |KE(vi)|vs| Potential energy PE(Y)=U(Y)

2
Potential energy PE(Y)=U(Y)= %mz(co;ﬂ'] relates to Force F(Y) thru Work relations F-dY=xdU

Q?Another axiom? A: No.

(a) Uncompressed (b) Compressed A
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Big mass-m; ball feeling “potential-field” or “gradient”
due to small (m2 << mj) rapidly (v>>>v;) bouncing ball

const. L
the total energy £ is strictly conserved.

In adiabatic case where v, =

I 1 1 1 const s
CO”St':EZEml"lz”LEsz%:5m1v12+5m2( . j

Define for big mass m;: Kinetic energy |KE(vi)|vs| Potential energy PE(Y)=U(Y)

2
Potential energy PE(Y)=U(Y)= %mz(co;ﬂ'] relates to Force F(Y) thru Work relations F-dY=+dU

: : d dY v’
Q?Another axiom? A: No. jF-dY - J_p.dy - J_.dp — jv.dp - JV-d(mV): m—— + const =
dt dt 2
(Here: V =v,)
(a) Uncompressed ] (b) Compressed [ ] A
(Large Y-space) Low energy (Small Y-space) I;Iigh fnergy "Double-Whammy"
“Cool Hot
______ w. o : system
3 - V2 small : V) large
Small momentum transfer Big momentum transfe
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Big mass-m; ball feeling “potential-field” or “gradient”
due to small (m2 << mj) rapidly (v>>>v;) bouncing ball

const. L
the total energy £ is strictly conserved.

In adiabatic case where v, =

I 1 1 1 const s
CO”St':EZEml"lz”LEsz%:5m1v12+5m2( . j

Define for big mass m;: Kinetic energy |KE(vi)|vs| Potential energy PE(Y)=U(Y)

2
Potential energy PE(Y)=U(Y) :%mz(w;ﬂ'] relates to Force F(Y) thru Work relations F-dY=+dU

% om? A dV = (Loay = (Y ap= (V.do= [V-dmV) = mY—+ const =
Q?Another axiom? A: No. JF dY—Jdt dY—J 7 dp—jV dp—JV dmV)=m 5 + const =
2
or else : F-d—Y:d—p-V:d(mV)-V:d(mV )/2_d (Here: V'=v,)
dt dt dt dt dt
(a) Uncompressed ] (b) Compressed [ ] A
(Large Y-space) Low energy (Small Y-space)  High energy "Double-Whammy"
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Potential field due to many small bounces
Example of 1D-Adiabatic potential U(y)=const./)?

=y  Physicists Definition F=-AU/Ay vs. Mathematician s Definition F=+AU/Ay
Example of 1D-Isothermal potential U(y)=const. In(y)



Big mass-m; ball feeling “potential-field” or “gradient”
due to small (m2 << mj) rapidly (v>>>v;) bouncing ball

const.

In adiabatic case where v, =

I 1 1 1 const s
CO”St':EZEml"lz”LEsz%:5m1v12+5m2( . j

the total energy £ is strictly conserved.

Define for big mass m;: Kinetic energy |KE(vi)|vs| Potential energy PE(Y)=U(Y)

const.

Potential energy PE(Y)=U( Y):%mz( i ] relates to Force F(Y) thru Work relations F-dY=+dU

The “Physicist” View of Force The “Mathematician” View of Force
uUey,

U(Y) N g0 (Y)

FP Y (Y) —_

Yy i@

‘Let it Go!”
U7 (V)= — j FPs gy

Fmath (Y) — +d_U
dY

“Hold it back!”
U(Y)= +jF"hys dY




Big mass-m; ball feeling “potential-field” or “gradient”
due to small (m2 << mj) rapidly (v>>>v;) bouncing ball

const.

In adiabatic case where v, =

I 1 1 1 const s
CO”St':EZEml"lz”LEsz%:5m1v12+5m2( . j

the total energy £ is strictly conserved.

Define for big mass m;: Kinetic energy |KE(vi)|vs| Potential energy PE(Y)=U(Y)

const.

Potential energy PE(Y)=U( Y):%mz( i ] relates to Force F(Y) thru Work relations F-dY=+dU

The “Physicist” View of Force The “Mathematician” View of Force
uUey,

U(Y) N g0 (Y)

FP Y (Y) —_

Yy i@

‘Let it Go!”
U7 (V)= — j FPs gy

Fmath (Y) — +d_U
dY

“Hold it back!”
UY)=+|F™ dy

" Y For the
(OK, But, is this consistent with the F=(const)’/Y3 (onp22)?) ™"




Big mass-m; ball feeling “potential-field” or “gradient”
due to small (m2 << mj) rapidly (v>>>v;) bouncing ball

const.

In adiabatic case where v, =

I 1 1 1 const s
CO”St':EZEml"lz”LEsz%:5m1v12+5m2( . j

the total energy £ is strictly conserved.

Define for big mass m;: Kinetic energy |KE(vi)|vs| Potential energy PE(Y)=U(Y)

const.

Potential energy PE(Y)=U( Y):%mz( i ] relates to Force F(Y) thru Work relations F-dY=+dU

The “Physicist” View of Force The “Mathematician” View of Force
uUey,

U(Y) N g0 (Y)

FP Y (Y) —_

Yy i@

‘Let it Go!”

Fmath (Y) — +d_U
dY

“Hold it back!”

U (Y y==[F™ dy UY)=+|F™ dy
. . Y . . Y . For the )
(OK, But, is this consistent with the F=(const)?/Y3 (onp22)? )™ s
2
thys =m, (COI’ZSZL ) consistent thys _ _A_U

Yy’ with ? : AY



Big mass-m; ball feeling “potential-field” or “gradient”
due to small (m2 << mj) rapidly (v>>>v;) bouncing ball

const.

In adiabatic case where v, =

I 1 1 1 const s
const.= E=Em1v12 +Em2V§ _ Emlvlz s ( ’ j

"2

the total energy £ is strictly conserved.

Define for big mass m;: Kinetic energy |KE(vi)|vs| Potential energy PE(Y)=U(Y)

const

2
Potential energy PE(Y)=U( Y):%mz( i ] relates to Force F(Y) thru Work relations F-dY=+dU

The “Physicist” View of Force The “Mathematician” View of Force

FPs (Y)= _d_U
> dY

‘Let it Go!”

Fmath (Y) +d_U
dY

“Hold it back!”

UPhys (Y) = _JthyS dY U(Y) — +Jthys dY
Y Y For the
(OK, But, is this consistent with the F=(const)?/Y3 (onp.22)?)™ ™"
thys _ (COI’ZSZL ) consistent thys _ _A—U _il (COVZSI ) . (COHSI .)2
2 3 . 2 , :
Y with : AY dy 2 Y Y

Yes (Hurrah!)



Potential field due to many small bounces
Example of 1D-Adiabatic potential U(y)=const./)?
Physicist’s Definition F=-AU/Ay vs. Mathematician's Definition F=+AU/Ay
el [ cample of 1D-Isothermal potential U(y)=const. In(y)



FPs —

>
m,v,

Y

AU
AY

2
1 D-Isothermal Force Law (assume v is constant for all Y): |F = MyVs

const.

Y

Y

implies : U(Y)=J-thyde: j_

m,

Y

Not a
"Double-Whammy"...
...only a

"Single-Whammy"

2
2 dy=-m,v,’ In(Y)



) Not a
1 D-Isothermal Force Law (assume v is constant for all Y): |F = MaYs Const. Dou:lelyvzhammy
Y Y "Single-Whammy"
2 2
m,v AU MV
Pt === m implies: U(Y)= [-Frdy= |- dY=m,v, In(Y)

Notice how tightly
hugs y-axis...
Its the backside of exponential y=e*...




I D-Isothermal Force Law (assume v> is constant for all Y): |F =

2
_ myv,

Not a
const. "Double-Whammy"...

Y

...only a
Y

"Single-Whammy"

thys _ m2_v22 — _A—U implies : U(Y)=J_thyde: j_
Y AY

n,

2
sz dV=-m,v,” In(Y)

Notice how tightly
hugs y-axis...
Its the backside of exponential y=e*...

...compared to y=1/x or x=1/y



Not a

2
[ D-Isothermal Force Law (assume v- is constant for all ¥): | =222 _ const. Dou'szy‘zhammy
Y Y "Single-Whammy"
? 2
m,v AU MV
Pt === m implies: U(Y)= [-Frdy= |- dY=m,v, In(Y)

const.= F = %mlvl2 +-U(Y) where: U(Y) =-m2v22 ln(Y)

Define for big mass m;: Kinetic energy |KE(vi)|vs| Potential energy PE(Y)=U(Y)




Not a

2
[ D-Isothermal Force Law (assume v- is constant for all ¥): | =222 _ const. DO“';’zy‘Zhammy
Y Y "Single-Whammy"
2 2
m,v AU MV
Pt === m implies: U(Y)= [-Frdy= |- dY=m,v, In(Y)

const.= F = %mlvl2 +-U(Y) where: U(Y) =-m2v22 ln(Y)

Define for big mass m;: Kinetic energy |KE(vi)|vs| Potential energy PE(Y)=U(Y)

Potential energy PE(Y)=U(Y) :-m2v22 1Il(Y ) relates to Force F(Y) thru Work relations F-dY=+dU

The “Physicist” View of Force The “Mathematician” View of Force
vy dU v du
Fr(Y)=—— Fr (V)= +—
"G@EBD “\ \ T ax R ol tbaokr
AlJ U7 (V) = _Jthys dY UX)= +JFmath dY




Not a

2
; m,v const. "Double-Whammy"...
[ D-Isothermal Force Law (assume v: is constant for all Y): |F = —2% = Double-Whammy

Y Y ...only a

"Single-Whammy"

m,v,’ AU

thyS:—:

Y AY

2
B gy=m,v,’ In(Y)

implies : U(Y)=J-thyde: j_ ”

const.= ' = %mlvl2 +-U(Y) where: U(Y) =-m2v22 ln(Y)

Define for big mass m;: Kinetic energy |KE(vi)|vs| Potential energy PE(Y)=U(Y)

Potential energy PE(Y)=U(Y) :-m2v22 ln(Y ) relates to Force F(Y) thru Work relations F-dY=+dU

The “Physicist” View of Force The “Mathematician” View of Force
uUey,

U(Y) N g0 (Y)

FP Y (Y) —_

m& . > dY m&

3 ‘Let it Go!”
AU

Fmath (Y) — +d_U
dY

“Hold it back!”

Uphys (Y) — _Jthys dY U(Y) — +JFmath dY
Y ° ° ° ° Y
(Same integral/differential relations)
thys: m2V§ _ const. consistent thys: _A_U =—i(-c0nSlL,ln(Y)) _ const.
Y Y with AY  dY Y

(Hurrah! again)



Potential field due to many small bounces
Example of 1D-Adiabatic potential U(y)=const./)?
Physicist’s Definition F=-AU/Ay vs. Mathematician's Definition F=+AU/Ay

Example of 1D-Isothermal potential U(y)=const. In(y)
ey [xmple of oscillator with opposing Isothermal potentials



Example of oscillator with opposing Isothermal potentials

2
. m,v,  COnst.
I D-Isothermal Force Law (assume v> is constant for all Y).: | = ——2% = >

Y Y

2
AU
m;‘/z B CAY implies : U ='m2V§ ln(Y )

(a) Off center x>0: Negative ‘:estoring force

s —

Force |Potential

Ftotal Utotal

“High pressure

—

“Low pressure ”_»
x |
> (7
X
N .

Unit 1
(Y+x) .
Fig. 6.2
Y Y \iFtOtal(x)
1 (b) Equilibrium x=0: Balanced d
Medlum edlum
: -@BEL |
Medlum pressure Medlum pressure x £0 Anha]” monic
oscillator
& . terms...
Harmonic
Two opposing 1D-Isothermal Force fields oscillator

term

F' = U :f[l—x+x2—x3...]—f[1+x+x2+x3...]=—2}-x—2f-;c3—...

I+x 1-x
HO 1
= —fex=— U U0 = Zx? = —JFHO dx HO Lfrequency: @ = LS =27V
0x 2 m,



Example of oscillator with opposing Isothermal potentials
1 D-Isothermal Force Law (assume v> is constant for all Y):

s —

Y  AY

m,v, AU

(a) Off center x>0: Negative ‘:estoring force

implies :

“Low pressure” _g “High pressure
X ¢
) I
(Y+X) ‘ (Y-X)
i > o S
Y Y

(b) Equilibrium x=0.: Balanced

1389 ?

“Medium pressure’

I

“Medium pressure*

F =

3
m,v,

const.

Y

Y

Force

Ftotal

Potential
Utotal

Two opposing ]D-Isothermal Force
Ftotal: f . f

Yo+x Y —x

fi elds

U=-m,v; In(Y)

Unit 1
Fig. 6.2



Example of oscillator with opposing Isothermal potentials

1 D-Isothermal Force Law (assume v> is constant for all Y):

my,v, AU

Frhs — —
Y AY

(a) Off center x>0: Negative ‘:estormg force

implies :

X
—

(Y+x)

) Hot ™
‘- 2
“Low pressure” _g '”High pressure

>

Y

1 (b) Equilibrium x=0: Balanced

=g

Medlum

“Medium pressure

“Medium pressure !

> t
m,v,  COnSt.

F = =

Y Y

Force

Ftotal

U=-m,v; In(Y)

Potential
Utotal

(¥-x) !

Y

Two opposmg ]D-]Sothermal Force fi elds

f o f

Unit 1
Fig. 6.2

Ftotal:
Yo+x Y, —x
(Y, +x) =V, =xY 427V =x Y
-1 -1)(n-2 D(n-2)(n-
(Y, +x)"= Y, +nY, " x+ n('; )YO”‘2 2 2)(3” )Yon—a g ;(r; i(n 3) -

Binomial Theorem




Example of oscillator with opposing Isothermal potentials

2
. m,v,  COnst.
I D-Isothermal Force Law (assume v> is constant for all Y).: | = ——2% = >

Y Y

2
myv;y _ AU
Y AY
(a) Off center x>0: Negative ‘:estormg force

) Hot ™
{ 2
“Low pressure” _g '”High pressure

X |

(Y +X) )% ( Yox ) !

Y Y \iFtom (x)

1 (b) Equilibrium x=0: Balanced d

thys = implies : U=—m2v§ hl(Y)

Force |Potential

Ftotal Utotal

Unit 1
Fig. 6.2

Medlum

Medlum pressure

Medzum pressure ! x F0

Two opposmg ]D-]Sothermal Force fi elds
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Binomial Theorem




Example of oscillator with opposing Isothermal potentials

2
. m,v,  COnst.
I D-Isothermal Force Law (assume v> is constant for all Y).: | = ——2% = >

Y Y

2
myv;y _ AU
Y AY
(a) Off center x>0: Negative ‘:estormg force

Force |Potential
Ftotal Utotal
Mot
2
H

thys = implies : U=—m2v§ hl(Y)

“Low pressure” gy, ‘ _igh pressure” .
. x| Unit 1
Y+x | )A .
>« Fig. 6.2

B Y Y \iFtOtal (x)

1 (b) Equilibrium x=0: Balanced d

Medzum pressure >0
Y

Two opposmg ]D-]Sothermal Force fi elds
i __f f{ x X } f{l X +}

Medlum

Medlum pressure

YO +X YO —X Y Y Y Y YO Y Y Y
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Binomial Theorem




Example of oscillator with opposing Isothermal potentials -
I D-Isothermal Force Law (assume v> is constant for all Y): |F = m,v, _ const.
Y Y

2
myv;y _ AU
Y AY
(a) Off center x>0: Negative ‘:estormg force

) Hot ™
{ 2
“Low pressure” _g '”High pressure

X |

(Y +X) )% ( Yox ) !
Y Y

thys = implies : U=—m2v§ hl(Y)

Force |Potential

Ftotal Utotal

Unit 1
Fig. 6.2

Medlum

1 (b) Equilibrium x=0: Balanced
wedmm a
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Ftotal: f . — _i _x__|_ —
Y, +x YO—x / D,{ Yy K\ Y /

“Medium pressure

V/ “

-y +x—3 +
YOZ 3 YO4

1

(Y, +x)'= Y, '=xV 27V =xY (¥, —x)'= YV 4xV 2V 57
-1 -1)(n-2 1)(n-2)(n-3
=1y M0y 1ODOD) s 1D

Binomial Theorem




Example of oscillator with opposing Isothermal potentials

1 D-Isothermal Force Law (assume v> is constant for all Y):

2
myv;y _ AU
Y AY
(a) Off center x>0: Negative ‘:estormg force

s —

implies :

(Y+x) | (Y-x)

>

“Low pressure” _g igh pressure !
x | '

2
F: m2V2 =

const.

Y

Y

Force |Potential
Ftotal Utotal
Hot
2
H

U=-m,v; In(Y)

Y Y

1 (b) Equilibrium x=0: Balanced d

=9s

Medlum

“Medium pressure

=

w&hum ’ \<
“Medium pressure “ ! x +0

Two opposing ]D-]Sothermal Force fi elds approximate harmonic oscillator

F

(Y, +x)'= Y, =xV 27V =xY

v [ f :f%_% %_x_+} D% _%+_+ }
Y0+.X YO_’X Y() YO

(Y, —x)"'= Y, +xY 2 +x°Y) +x°Y L

Unit 1
Fig. 6.2

Anharmonic
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] terms...
Harmonic l
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1 TP
(Y, +x)'= Y0n+nYO’HX i n(n )YOn—z 2t n(n-1)(n-2)

Binomial Theorem 2 2-3

YO”_3 X+

n(n-1)(n-2)(n-3)

2.3.4

n—-4 _4
o X ...




Example of oscillator with opposing Isothermal potentials

2
. m,v,  COnst.
I D-Isothermal Force Law (assume v> is constant for all Y): | = ——2% = >

Y Y
2
m,v AU
h . . 2
Fr =22 = — implies : U=—m2v2 hl(Y)
Y AY
1 (a) Off center x>0: Negative ‘:estoring force Force |Potential

Ftotal Utotal

“Lowpressure“_» “High pressure“ U . 1
- - nit
(Y+x) )‘% (Y-x) .
N \ Fig. 6.2

Y Y \iFtoml (x)

1 (b) Equilibrium x=0: Balanced
mﬁﬂ’ﬂ"ﬂ Anharmonic
oscillator

1389 ?

“Medium pressure’ “Medium pressure x §0 ) terms...
Harmonic
i oscillator
term
Two opposing ]D-Isothermal Force fi elds approximate harmonic oscillator

oal _ _ _x _x_ 3 A o o I S I A
g Y, +x Yo—x_fD'{ Y, X? v } D{ %Jr T } 2f 2f

Harmonic oscillator force constant : k=2 f /YO = 2m2 1Y)



Example of oscillator with opposing Isothermal potentials

2
. m,v,  COnst.
I D-Isothermal Force Law (assume v> is constant for all Y): | = ——2% = >

Y Y

2
AU
m;‘/z B CAY implies : U ='m2V§ ln(Y )

(a) Off center x>0: Negative ‘:estoring force Force |Potential
Ftotal Utotal
o Hot ™

s —

“Lowpressure“_» “High pressure“ .
. Unait 1
(Y+x) )‘( (Y-x) .
e ‘ Fig. 6.2

Y Y \ime (x)

1 (b) Equilibrium x=0: Balanced
mﬁ‘fedmm Anharmonic
oscillator
Medlum pressure x +0 terms...
Harmonic
oscillator l

Medlum

Medlum pressure

L

term

Two opposing ]D-]Sothermal Force fi elds approximate harmonic oscillator

oal _ _ _x _x_ 3 A o o I S I A
g Y, +x Yo—x_]{% Y, X? v } D{ 5{+ T } 2f 2f

Harmonic oscillator force constant : k=2 f /Y0 = 2m2 1Y)

( Harmonic Oscillator Force
aUHO
HO — _k'.x —
_ 0x Y,




Example of oscillator with opposing Isothermal potentials

2
. m,v,  COnst.
I D-Isothermal Force Law (assume v> is constant for all Y): | = ——2% = >

Y Y

2
AU
m;‘/z B CAY implies : U ='m2V§ ln(Y )

(a) Off center x>0: Negative ‘:estoring force Force |Potential
Ftotal Utotal
“ Mot ’

s —

“Lowpressure”_» “High pressure“ .
. Unait 1
(Y+x) )‘( (Y-x) .
e ‘ Fig. 6.2

Y Y \ime (x)

1 (b) Equilibrium x=0: Balanced d

Wedmm 1 \< AnharmOVliC
oscillator
Medlum pressure ! x 0 . terms...

Medlum

Medlum pressure

Harmonic
i oscillator l
Two opposing ]D-]Sothermal Force fi elds approximate harmonic oscillator ter 1

oal _ _ X _x_ 3 A o o I SR W S
g Y, +x Yo—x_]{% Y, X? v } D{ 5{+ T } 2f 2f

Harmonic oscillator force constant : k=2 f /Y0 = 2m2 1Y)
A

( Harmonic Oscillator Force\ ( Potential

HO
H0=—k'x=—aU UHOZ%k'XZZ—jFHOdX

\_ 0x J L Y,




Example of oscillator with opposing Isothermal potentials

> t
m,v,  const.

Y Y

[ D-Isothermal Force Law (assume v> is constant for all Y).: |F =

2
AU
m;‘/z B CAY implies : U ='m2V§ ln(Y )

(a) Off center x>0: Negative ‘:estoring force Force |Potential
Ftotal Utotal
“ (‘ Hot ¥ /

s —

“Lowpressure”_» “High pressure“ .
. Unait 1
(Y+x) )‘( (Y-x) .
e ‘ Fig. 6.2

Y Y \ime (x)

1 (b) Equilibrium x=0: Balanced d

wedl“m 1 \ Anharmonic
oscillator

Medlum.

Medzum pressure Medlum pressure x £0 . terms. ..
b Harmonic
i oscillator
term
Two opposing 1 D-]Sothermal Force fi elds approximate harmonic oscillator

oal S _ _ _x _x_ y A o o I S I A
g Y, +x Yo—x_]{% Y, % v } D{ 5{+ T } 2f 2f

Harmonic oscillator force constant : k=2 f /Y0 = 2m2 1Y)

( Harmonic OSCillathF Force) ( Potential Y ( Frequency A
U 1 k|2

"0 = —fex =— 0 U" ==kx*= —IFHO dx| |HO Afrequency: wz\/—:\/ LGN, Y

% ox )L 2 )L m, \ m Y, P




What does Harmonic mean?

. 1 1
Given total energy E = KE+PE = > mV? + 5 kY?

E 1s same function for any itude 4 of sine-oscillation where:

Y = Asin wt ith velocity V = Aw cos ot
2 1

1 :
Because then: E = Em(Aa) COS a)t) + Ek(A sin t)’

| 1 .
=—mm° A’ (cos cot)z +—kA* (sinwt)’
2 2

1 . 2
— Ema)zA2 (0052 Wt + sin’ a)t) it mw*= k

:lma)zA2 if a):\/E
2 m



What does Harmonic mean?

. 1 1
Given total energy E = KE+PE = > mV? + 5 kY?

E 1s same function for any itude 4 of sine-oscillation where:

Y = Asin wt ith velocity V = Aw cos ot
1

1 :
Because then: E = Em(Aco COS a)t)2 + Ek(A sin t)’

| 1 .
=—mm° A’ (cos a)t)2 +—kA* (sinwt)’
2 2

1 . 2
— Ema)zA2 (0032 Wt + sin’ a)t) it mw* = k

:lma)zA2 if: a):\/E
2 m

But, how does this square with [inear-in-frequency Planck energy E=(const.)w 7/?

(More about that later in course.)



Switch
mi=ms3
with
m2
to match
formula
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Bouncelt Superball Collision Web Simulator: 1:500:1 mass ratios (Small Amplitude)

Sample problem: Compute isothermal frequency and/or period

Unit 1
Fig. 6.3

Simulation of

the adiabatic case
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(Frequency

k|2
HO «frequency: @=, [—= |[~2 22—

m m Y,
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Switch
mi=ms3
with
m2
to match
formula

Sample problem: Compute isothermal frequency and/or period

ST = 128 ‘; ;i';‘g% THIIE
L E= 30580505 ,ﬁ SEIETERIEE
o delaT= 001

---------

Unit 1
Fig. 6.3

eeeee

Simulation of

the adiabatic case
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Bouncelt Superball Collision Web Simulator: 1:500:1 mass ratios (Small Amplitude)

Period :

1 %
r:—=2n,/ﬂ=2n ™ Lo
v k 2m, v,

( Frequency

HO Xfrequency:

N
\/ \/2m2 v, o
g m

U
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Switch
mi=ms3
with
m2
to match
formula

E 39 5 80595
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Bouncelt Superball Collision Web Simulator: 1:500:1 mass ratios (Small Amplitude)

L T 1
W . s s* » . . e - N o - L
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. v, v L e '
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. .

: C i

Unit 1
Fig. 6.3

Simulation of

the adiabatic case

Sample problem: Compute isothermal period given m;=50, m>=0.1=ms3, v2=20, Y9=3.5

Period :

m, Y,

T=27 =6.28

2m, v,

=17.38

1
Period: 1=
D

_27r,/ —o; |[h %
k 2m, v,

50 35
2-(0.1) 20

( Frequency

HO Xfrequency: @
\_

~N

\/ \/2m2 v, P
m J
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Switch
mi=ms3
with
m2
to match
formula

Bouncelt Superball Collision Web Simulator: 1:500:1 mass ratios (Small Amplitude)
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Simulation of

the adiabatic case

Sample problem: Compute isothermal period given m;=50, m>=0.1=ms3, v2=20, Y9=3.5

Period :

m, Y, )3 50

3.5

T=27 =6

2m, v,  \2-(0.1) 20

=17.38 That’s about \3 times too big!

1
%

Period: 1=

_Zn,/ —o; |[h Y
k 2m, v,

( Frequency

HO Xfrequency:

\_

~N

\/ \/2m2 v, P
m J
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&7 ¥ ®
m3 =0.100 g | V3=+0i+43.6953 Em/s HHL = 4 06
m2 = 50.000 g 6.5V2=+01-1.0925 cm/s 1619 || Bl H 2 R0 AR5 erg
ml =0.100 g [ V1=+0i+44.7603 [cm/s i AT & 3 00K
__6 :‘6
5.5 H5 5
-5 RIS
4.5 4.5
-4
_3 \
\\__
2.5 .5
- =
%
1.5 15
i i Bouncelt Superball Collision Web Simulator:
-1 il 1:500:1 mass ratios (Large Amplitude)
0.5 NS
-21.1711'5.1.1-11,..101'5.1.,:..1.015.1..]|'1...115...12..1.215. 1 loB | ]l- 1B 12- B {13111 Blsl | |4 415 ? 5/5 ’e
N 1 1
y Max = © 7 B
Initial x1 = 0.75 |@ yMin= - 0 @ Quasi-harmonic oscillation (m1:m2 = 100:1)
Max x PE plot = © 05 [ TMax= e 6 8] Quasi-harmonic oscillation (m1:m2 = 50:1)
- Adiabatic force scenarios - - P
F-Vector scale = ™™ 0.003 ) V2y Max = O 3 ® Quasi-harmonic oscillation (m1:m2 = 25:1)
Error step = © "0.000/ ) V2y Min = © 2 1B Large amplitude (mi:m2 = 190D
EEE
ml= "O="1] A x10A =01 [A{g} Xlp=""0""1 B x10A ™0™ A {cm} Vlpg=""O0""" s ) x10A ™01 {cm/s}
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: L Ts 2
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cootiideltaT= 001 0o iiii g

E = V3= 208 mis
2 =-0156 m/s
- 186 m's

m3 = 0.1 kg
m2= 350kg
ml = 0.1 kg

Unit 1
Fig. 6.3

Simulation of

the adiabatic case

* Link to Bouncelt animation with 1:500:1 mass ratios (Small Amplitude)

See Homework problem 1.6.5: Compute frequency and/or period for both isoT and adiabatic cases
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* Link to Bouncelt animation with 1:500:1 mass ratios (Small Amplitude)
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* Link to Bouncelt animation with 1:500:1 mass ratios (Small Amplitude)
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“Monster Mash classical segue to Heisenberg action relations

_)Example of very very large M ball-walls crushing a poor little m>
How m; keeps its action
An interesting wave analogy.: The “Tiny-Big-Bang” [Harter. J Mol Spec. 210, 166-182 (2001)].[Harter, Li IMSS (2012)]

A lesson in geometry of fractions and fractals: Ford Circles and Farey Sums
[Lester. R. Ford, Am. Math. Monthly 45,586(1938) [John Farey, Phil. Mag.(1816)]



http://www.sciencedirect.com/science/article/pii/S0022285201984498
http://www.cimat.mx/~gil/docencia/2008/elementales/circulos_ford.pdf

(a) Big ball moves in and traps small ball between it and The Wall

Space —>» ¢
Q
| vp=0 The Wall
N~
Time A B
v vy=2

Space —>»

Time

(a) Big space ||\ V,, (b) Decreasing space |

N

2 (c) Small space ﬁ

The Classical
“Monster Mash”

Classical introduction to

Heisenberg “Uncertainty” Relations

- const.
4
1s analogous to: Ax-Ap=N-h

or: Y -v,=const.

Unit 1
Fig. 6.4

* Link to Bouncelt “Monster Mash’ x»(t) animation

\
Y nE
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VA I aae V, Y = const. N
Bang (])]2 v N AT . )V v N
e S 4 _ b Y =
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— Y_> \\ // Bang (2)20 <Y —> ‘q; / v Y- |
4 4ﬁfl\\ / Oi—ﬂﬁ/ﬁl Wy Vg D :ﬁ

(Note: Time sense is inverted)
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* Link to Bouncelt “Monster Mash” Vo vs X2 animation
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Double “Monster Mash’”

v2=0 _
frr=0.2 /1 v2=0
Vo=- V2=+]
Vit \ v2=2 Vi=
\ 1./9
N | > Y
b —dime | -2 HEN
N % NS ]
| H —3
=
| 3
N
] B -
% / = - faaas
/ = AREEE
Y =
/ —— —
| —
Unit 1
Fig. 6.5

See Homework problem 1.6.2: Construct related spacetime case
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A lesson in geometry of fractions and fractals: Ford Circles and Farey Sums
[Lester. R. Ford, Am. Math. Monthly 45,586(1938) [John Farey, Phil. Mag.(1816)]
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Recent Paper:

Wave Node Dynamics and Revival Symmetry in Quantum Rotors - Harter-JMS-2001

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

Click here....
(Launch) (Fourier Control)

Wavelt Web Animation - Scenarios:

(Pause ) (SetT=0) (ZeroAmps) T-Scale= 1

"'
7
—

+

[ Iwelve (n=1Z2) osciliatol

( Twelve (n=12) oscillato

(Twelve (n=12) oscillato

( C(n) Character Table )

..then here....

Quantum_Carpet, Quantum_Carpet_ wMBars, Quantum_Carpet_BCar, Quantum_Carpet_BCar_wMBars

O=-T

."‘l/ \\.\".

/a=0-\
t/ \‘1

Ntz

Starts with Gaussian V(},t)

at ®=0 on Bohr wave ring
that expands and “beats”

6=0

G=+T

5
( Quantum Carpet )
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Recent Paper:
Wave Node Dynamics and Revival Symmetry in Quantum Rotors - Harter-JMS-2001
Wave Node Dynamics and Revival Symmetry in Quantum Rotors - Harter-jms-2001 (Publ.)

Click here....
(‘Launch ) (FourierControl) ((Pause ) (SetT=0) (ZeroAmps) T-Scale= 1 Q =

Wavelt Web Animation - Scenarios:
Quantum_Carpet, Quantum_Carpet wMBars, Quantum_Carpet_BCar, Quantum_Carpet_BCar_wMBars

O=-T ¢=0

..then here....
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“Monster Mash classical segue to Heisenberg action relations

Example of very very large M| ball-walls crushing a poor little m>
How m; keeps its action
An interesting wave analogy.: The “Tiny-Big-Bang” [Harter. J Mol Spec. 210, 166-182 (2001)].[Harter, Li IMSS (2012)]
= 4 [esson in geometry of fractions and fractals: Ford Circles and Farey Sums

[Lester. R. Ford, Am. Math. Monthly 45,586(1938) [John Farey, Phil. Mag.(1816)]
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Geometric “Integration” (Converting Velocity data to Spacetime)
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(a) Draw my:m ; box
in 1st quadrant \ Yy 3R Vi
V2

(b) Using m, arc “
copy my:m ; box

into 2nd quadrant \
’ Q

W Draw extended
box

(c) Locate
center of
extended box
and draw arc
from its t

to top of \

my:m ; box. /-
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This is a construction
of the energy ellipse in a
Largangian (v1,v2) plot
given the initial (vi,v2).

The Estrangian (V1,V>) plot
makes the (vi,v2) plot and
this construction obsolete.

(Easier to just draw circle
through initial (V1,V3).)

Still, if you know a simpler
construction, we’d like
to hear about it!
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Web Resources - front page Quantum Theory for the Computer Age 2014 AMOP
UAF Physics UTube channel Principles of Symmetry, Dynamics, and Spectroscopy 2017 Group Theory for QM
Classical Mechanics with a Bang! 2018 AMOP

Modern Physics and its Classical Foundations

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

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

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

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

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

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

Rotation-vibration spectra of icosahedral molecules.

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

Resonance and Revivals

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

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

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



https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Representations_of_multidimensional_symmetries_in_networks_-_jmp-Harter-1974.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Alternative_Basis_for_the_Theory_of_Complex_Spectra_I_-_harter-pra-1973.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Alternative_Basis_for_the_Theory_of_Complex_Spectra_II_-_harter-patterson-pra-1976.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Alternative_Basis_for_the_Theory_of_Complex_Spectra_III_-_patterson-harter-pra-1977.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Frame_transformation_relations_and_multipole_transitions_in_symmetric_polyatomic_molecules_-_Harter-Patterson-Paixao-RMP-1978.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Asymptotic%20eigensolutions%20of%20fourth%20and%20sixth%20rank%20octahedral%20tensor%20operators%20-Harter-Patterson-jmp-1979.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Rotational%20energy%20surfaces%20and%20high-%20J%20eigenvalue%20structure%20of%20polyatomic%20molecules%20-%20Harter%20-%20Patterson%20-%201984.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Galloping_waves_and_their_relativistic_properties_-_ajp-1985-harter.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Rovibrational%20Spectral%20Fine%20Structure%20Of%20Icosaiiedral%20Molecules%20-%20harter%20-%20weeks%20-%20cpl%20-%201986.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Rovibrational%20Spectral%20Fine%20Structure%20Of%20Icosaiiedral%20Molecules%20-%20scan%20-%20RovibeIcosCPL132p387-392(1986).pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Theory%20of%20hyperfine%20and%20superfine%20levels%20in%20symmetric%20polyatomic%20molecules.%20Trigonal%20and%20tetrahedral%20molecules%3a%20Elementary%20spin-1%3a2%20cases%20in%20vibronic%20ground%20states%20-%20pra%20-1979-Harter-Patterson.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/PRA%20Superhyp.I%20CF4.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Theory%20of%20hyperfine%20and%20superfine%20levels%20in%20symmetric%20polyatomic%20molecules.%20II.%20Elementary%20cases%20in%20octahedral%20hexafluoride%20molecules%20-%20Harter-PRA-1981.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/PRA%20Superhyp.II%20SF6.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Rotation%e2%80%93vibration_spectra_of_icosahedral_molecules._I._Icosahedral_symmetry_analysis_and_fine_structure_-_harter-weeks-jcp-1989.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Rotation-vibration_spectra_of_icosahedral_molecules._I._Icosahedral_symmetry_analysis_and_fine_structure_-_harter-weeks-jcp-scan-1989.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Rotation%e2%80%93vibration_spectra_of_icosahedral_molecules._II._Icosahedral_symmetry%2c_vibrational_eigenfrequencies%2c_and_normal_modes_of_buckminsterfullerene_-_weeks-harter-jcp-1989.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/JCP_C60_VibeModesHiRes.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Rotation%e2%80%93vibration_spectra_of_icosahedral_molecules._III_-_Half-integral_angular_momentum_-_harter-reimer-jcp-1991.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Rotation-vibration%20scalar%20coupling%20zeta%20coefficients%20and%20spectroscopic%20band%20shapes%20of%20buckminsterfullerene%20-%20weeks-harter-cpl-1991.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/CPLBzetaCoeff%20C60.pdf
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https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Nuclear%20spin%20weights%20and%20gas%20phase%20spectral%20structure%20of%2012C6oand%2013C60%20buckminsterfullerene%20-%20Reimer%20-%20harter1992.pdf
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https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Gas%20Phase%20Level%20Structure%20of%20C60%20Buckyball%20and%20Derivatives%20Exhibiting%20Broken%20Icosahedral%20Symmetry%20-%20reimer-diss-1996.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Fullerene%20symmetry%20reduction%20and%20rotational%20level%20fine%20structure:%20the%20Buckyball%20isotopomer%2012C%2013C59%20-%20jcp%20-%20reimer%20-%20harter%20-%201997.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/C60symmReduct&fine%20structure12C13C59%20ReimerHarter1997hiRes.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Wave%20Node%20Dynamics%20and%20Revival%20Symmetry%20in%20Quantum%20Rotors%20-%20harter%20-%20jms%20-%202001.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Springer_Handbooks_of_Atomic_Molecular_and_Optical_Physics_-_Harter-Ch32_-_2006.pdf
https://modphys.hosted.uark.edu/pdfs/Talk_Pdfs/Resonance%20And%20Revivals%20%20I.%20Quantum%20Rotor%20And%20Infinite-Well%20Dynamics%20-%20Harter-Li-ISMS-Columbus-2012.pdf
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https://modphys.hosted.uark.edu/pdfs/Talk_Pdfs/Resonance%20and%20Revivals%20in%20Quantum%20Rotors%20-%20Comparing%20Half-integer%20Spin%20and%20Integer%20Spin%20-%20Alva-ISMS-Ohio2013-R777.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Quantum%20Resonant%20Beats%20and%20Revivals%20in%20the%20Morse%20Oscillators%20and%20Rotors%20-%202013-Li-Diss.pdf
https://modphys.hosted.uark.edu/pdfs/Talk_Pdfs/Resonance%20and%20Revivals%20in%20Quantum%20Rotors%20-%20Comparing%20Half-integer%20Spin%20and%20Integer%20Spin%20-%20Alva-ISMS-Ohio2013-R777.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Molecular_Eigensolution_Symmetry_Analysis_and_Fine_Structure_-_IJMS-harter-mitchell-2013.pdf
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Quantum%20Revivals%20of%20Morse%20Oscillators%20and%20Farey-Ford%20Geometry%20-%20Li%20-%20Harter%20-%20cpl%20-%202013%20-%201308.4470.pdf
https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/QTCA_Text_2013/QTCA_Unit_10_Ch.30_2013.pdf
https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/QTCA_Text_2013/AMOP%20Ch%200%20SpaceTimeSymm.pdf
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AMORP r ef erence links (Updated list given on 2 and 3 pages of each class presentation)

(Int.J.Mol.Sci, 14, 714(2013) p.755-774 , OTCA Unit 7 Ch. 23-26 ),

Int.J Mol.Sci, 14, 714(2013), QTCA Unit8 Ch. 23-25, QTCA Unit 9 Ch. 26,

(PSDS - Ch. 5, 7)
PSDS Ch. 5, PSDS Ch. 7

Intro spin % coupling Irrep Tensor building
Unit 8 Ch. 24 p3 Unit 8 Ch. 25 p).
H atom hyperfine-B-level crossing
Unit 8 Ch. 24 pl5 Irrep Tensor Tables

Unit 8 Ch. 25 pl2.

Hyperf. theory Ch. 24 p48.

Hyperf. theory Ch. 24 p48. Wigner-Eckart tensor Theorem.
Deeper theory ends p33 Unit 8 Ch. 25 pl7.
Intro 2p3p coupling
Unit 8 Ch. 24 pl7. Tensors Applied to d,f-levels.
Intro LS-jj coupling Unit 8 Ch. 25 p21.
Unit 8 Ch. 24 p22.
CG coupling derived (start) Tensors Applied to high J levels.
Unit 8 Ch. 24 p39. Unit 8 Ch. 25 p63.

CG coupling derived (formula)
Unit 8 Ch. 24 p44.

Lande’ g-factor
Unit 8 Ch. 24 p26.

*In development - a web based A.M.O.P.

Intro 3-particle coupling.
Unit 8 Ch. 25 p28.

Intro 3,4-particle Young Tableaus
GrpThLect29 p42.

Young Tableau Magic Formulae
GrpThlLect29 p46-48.
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and eventually full on Apache- SOLR Index and search for nuanced! whole site content/metadata level searchzng
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Predrag Cvitanovic’s: Birdtrack Notation, Calculations, and Simplification

hagg Classical_and_Quantum_- 2Q1§-thangwc ChaosBook
Th r-PPL D -Dlrmm n ion - Ch4

tor
Birdtracks for N) - 2017-K ler

Frank Rioux’s: UMA method of vibrational induction
uantum_Mechanic roup Theorv and C60 - Frank Rioux - Department of Chemistr aint hn

mmetry_Analysis_for_H20-_H20GrpTheory-_Ri
ntum_Mechanics-Gr Theory_an - hemEd-Rioux-1994
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