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

Review of (V1,V2)—(v1,y2) relations  High mass ratio Mi/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./y’

Potential field due to many small bounces

Example 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. In(y)

“Monster Mash ’classical 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 (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)]
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Review of (V1,V3)—(y1,y2) relations
- [igh mass ratio M;/m> =49
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Geometric “Integration” (Converting Velocity data to Space-time trajectory)
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Fig. 5.1
in Unit 1
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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./y’
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Big mass-m; ball feeling “force-field” or “pressure”
of small (m2 << my) rapidly (v2>>v;) bouncing ball

(a) Uncompressed
(Large Y-space)

Unit 1
Fig. 6.1

y] =H-Y

Small' momentum transfer
<@—"Low pressure”

Low energy
“Cool “

~&— |/H small

Y

> <

(b) Compressed
(Small Y-space)  High energy

LY

V) large
Big momentum transfe
@i “[1igh pressure”
- Y
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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
(Large Y-space)

Low energy (Small Y-space) I;Iigh energy

Unit 1 “Cool *

Fig. 6.1

~&— |/H small ‘ Vs large
Small' momentum transfer Bzg momentum transfe

|
Y =H-Y > (“ ) Y I

<@—"Low pressure <— ‘High pl’essure

IN e
V2 1 g —— —, ShOI’tel’
AP& lOW@I" ‘Vz‘ longer At % ———— Al‘
( 2Y seconds AP — :
AP At =— per Bang higher ‘vz‘
- \ 4
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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
(Large Y-space)

Low energy (Small Y-space) I;Iigh energy

Unit 1 “Cool *

Fig. 6.1

‘

~&— |/H small

Small' momentum transfer
<@—"Low pressure”
y,=H-Y P

V) large
Bzg momentum transfe

i “[1ig pressure

|

> Y -«
IN s
v, g — ——= shorter
AP& lower ‘Vz‘ longer At %‘5 —— A
FIN AP —
2 — AP —
AP L
( 2Y seconds AP — v
AP At =— per Bang higher ‘vz‘
N
AP 1 y
F=— AP — FIN _

Force F on m; = (Momentu* per sec.) = (Momentum per Bang)-(Bangs per second)
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V> Double-Bang Sequences V5
Jfor mj =>=>mjy axis V(4)
(a) After 2 Bangs (b) After 4 Bangs f A A
Increase
by
VZ_ / =~2v]
wis | v(2) ) v(2)
Very skinny .|Increase / . )
Energy ellipse 0T by / / T Unlt 1
or mi>>m; v =2 —f .
: < g / a Flg 6.2
/ /
o /7 V| axis /7 V| axis
¥4 V(1) V(1)
D— TStartat Start at
(tvi=vp \ (tvi=vp)
IN — \w(3)
V2
AP < lower ‘vz‘ longer At
FIN
FIN IN
2 — ‘ ‘—‘ V, “"‘2"1‘ for: m, >>m,
At _ _Y seconds
AP@ —_—— o per Bang V2 = —V2 — 2V1
22
F = £ N 1 v,
AP =m,v," —m,v." =
Aq 2V2 i 2 2 Ar |2V
Force F on m; = (Momentum per sec.) = (Momentum per Bang)-(Bangs'per second)
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V>

Very skinny
Energy ellipse
for mi>>m;

Force F

Double-Bang Sequences V)

Jormy>>m, axis | V(4)
(a) After 2 Bangs (b) After 4 Bangs f A[ A
ncrease
by
VZ. =2 V]
axis V(2) V(Z)

\Increase

adk by
// z2 V]
n
/ ,
7
A
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A A

7 Fig. 6.2

/
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7 V| axis d V| axis
V(1) V(1)
i \ i
_ \v(s)
vy
AP e lower ‘Vz‘ longer At
FIN
L
2 — ‘ FIN‘—‘ ZN‘-I-‘ZVI‘ for: m, >> m,
. Y seconds
AP& L, — At—v_ per Bang V2 —_V2 _2V1
2
F = £ N 1 v,
AP =mv. —m,v)" =
Aq 2 V2 i 2 2 Ar 12
on m; = (Momentum per sec.) = (Moment m per Bang)-(Bangs'per second)
AP =m v —m)(—v =2v)=2m,v!N + 2m,v,
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V>

Very skinny
Energy ellipse
for mi>>m;

Double-Bang Sequences V)
Jfor mj =>=>mjy axis V(4)
(a) After 2 Bangs (b) After 4 Bangs f A A
Increase
by
r2 / =2v]
axis V(2) A V(Z)
,|Increase / . )
/ 1 / / L Unit 1
v =2 / .
.// V] / .// Flg. 6.2
/ /
7 V| axis d V| axis
(1) V(1)
Start-at Start-at
(tvp-vp \ (tvpvp
_ \v(s)
AP e lower ‘Vz‘ longer At
L
— ‘ FIN‘—‘ 2N‘+‘2v1‘ for: m, >>m,
Y seconds
AP& — At:_ per Bang V2 —_V2 _2V1
22
F = £ N 1 v,
AP =m,v) —m,vy' =
Aq 2V2 i 2 2 Ar 12
tum per Bang) (Bangs'per Second)

Force F on m; = (Momentum per sec.) = (Momen

. L ~ L

Assuming slow m, :

V<V,

10
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V> Double-Bang Sequences V5
Jfor mj =>=>mjy axis V(4)
(a) After 2 Bangs (b) After 4 Bangs f A A
Increase
by
VZ_ / =~2v]
axis V(2) A V(Z)
Very skinny \Increase / .
Energy ellipse / ot by / / T Unlt 1
or mi>>m; / =2 % .
! v i / v Flg 6.2
/ I
i V4| axis /7 V| axis
"/ (1)
’ )_V] \D.S’Xrga} ) \DSZF tat
+vp=vp) \ (tvi=vp
_ \V(:’))
vy
AP < lower ‘vz‘ longer At
FIN
L
2 — ‘ FIN‘—‘ ZN‘-I-‘ZVI‘ for: m, >> m,
A _ Y seconds
AP@ — 1= V_ per Bang V2 = —V2 — 2V1
—
AP |
F=" AP — 0 _ v
Aq = m2v2 i m2V2 Ar 12V
Force F on m; = (Momentum per sec.) = (Moment m per Bang)-(Bangs'per second)
. . ~ L
AP =m,v, — m2|(—v2 —2v)=2m,v," +2m,v, =2m,v,
AP 1 Vv, | _m v :
F=—2= (AP ~ 2m2v2)- - — Assuming slow m, : v, < v,
At At 2Y Y
11
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AP 1 ’
F:—:(Apzzmzvz).( ~ szzmzv2
At At 2Y Y

2
ID-Isothermal Force Law (assume V., is constant for all Y): |F = myv, _ const.

Y Y

Isothermal expansion or contraction:  Wall serves as thermal bath to keep m 5 cool

(a) Uncompressed (b) Compressed

(Large Y-space) (Small Y-space) Low energy
“Still Cool

@l -

Low energy

~— V5 small & |/, still smal
Small' momentum transfer Bigger momentum transfer
@—"Low pressure @—Higher pressure”
y] =H-Y ! Y . Y

>

...due to reduced Y only
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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./y’

Thursday, September 5, 2013
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= AP (AP 2m2v2) (Alt V, j m2V2

Ar 2Y Y
2
ID-Isothermal Force Law (assume V., is constant for all Y): |F = MV, _ CONSt.
Y Y
. g . . . ) . dyl dY
However, if ceiling 1s elastic, v, isn’t constant if m; changes bounce range Y. ——=v; =——

dt dt

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

d dY
T2y B=2v =272
dt 2Y dt 2Y
Wall not given time to give or take KE
(a) Uncompressed (b) Compressed

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

Low energy
((HOt €€

“Cool

ey, - o 5 "4
| ~&— /) small :‘ V5 large
Small' momentum transfer Big :mome.ntum transfe
_ILY <—“LOW pressure “ ﬁ “ngh pressure B
! > < Y <«
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= AP (AP 2m2v2) (Alt V, j m2V2

At 2Y Y
2
ID-Isothermal Force Law (assume V., is constant for all Y): |F = m,v, _ const.
Y Y

However, if ceiling 1s elastic, v, isn’t constant if m; changes bounce range Y- o =y = 5
When m; collides with m; it adds twice its velocity (2v;) to v2. This occurs at “bang-rate” B=v>/2Y .

d dY

T2y B=2v =272
dt 2Y dt 2Y

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

dv dy . const. const.
—2 =_—— integrates to: Inv,=—InY+C or: Inv,=1In or: Vv, =

Vy Y Y Y

Wall not given time to give or take KE

(a) Uncompressed (b) Compressed
(Large Y-space) Low energy (Small Y-space) High energy

“Cool “ HO___t

~&— /) small V5 large

Small' momentum transfer Big :mome.ntum transfe
_ILY <—“LOW pressure “ ﬁ “ngh pressure B
! > < Y <«
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ID-Isothermal Force Law (assume V., is constant for all Y): |F =

F=

AP
At

m2v2

=(AP =2m,v,)- (Alt

v, j
2Y Y

>
m,v,

const.

Y

Y

However, if ceiling 1s elastic, v, isn’t constant if m; changes bounce range Y- =

dt

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

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

Y

dvy __4Y

%)

integrates to: Inv, =—InY +C or:

2VIB 2V1

dY V2

dt 2Y

const.

Inv, =1n

or. V2 =

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

const. véNY(t =0)

m, (VéNY(f = O))2 const.

[ D-Adiabatic Force Law (assume v varies: V) = = )AF = 3 =—

Y Y Y Y
(a) Uncompressed 1 (b) Compressed [ ]
(Large Y-space) Low energy (Small Y-space) [:]igh energy

“Cool* Hot
~&— V) small V) large
Small momentum transfer Big momentum transfe

_ILy <‘— ‘Low pressure " <—f- “High pressure*

Y ) ( Y ' ( Y
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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. In(y)

Thursday, September 5, 2013
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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, =

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

Potential energy PE(Y)=U(Y)= %mz ( CO;SZ'j

(b) Compressed

Low energy (Small Y-space) Hll;ght energy
0

(a) Uncompressed
(Large Y-space)

2

|
| V) large
Big momentum transfe
@i “High pressure
- Y

~&— |/) small

|
Small momentum transfer
<@—"Low pressure”
|

>

y;=H-Y Y
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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, =

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'j relates to Force F(Y) thru Work relations F-dY=xdU

Q?Another axiom? A: No.

(a) Uncompressed 1 (b) Compressed [ ]
(Large Y-space) Low energy (Small Y-space)  High energy
“Cool ** “Hot™
e Gl e o |
} ~— V/ small TV, large
Small momentum transfer Big }momgntum transfe
) =H-Y <‘—“L0w pressure <—f- “High pressure*
1/ > Y s Y

19
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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, =

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'j relates to Force F(Y) thru Work relations F-dY=+dU

: : d dY v’
Q?AnOther axiom? A: No. JFdY = J—p -dY = J— -dp = IV -dp = JV -d(mV)=m—+ const =
dt dt 2
(a) Uncompressed 1 (b) Compressed [ ]
(Large Y-space) Low energy (Small Y-space) [“{l'gh fnergy
“Cool Hot
Gl 2
3 ~&— |/) small : Vy large
Small momentum transfer Big momentum transfe
Y <‘—“L0w pressure @i “Figh pressure
Y - ) ( Y ( Y

20

Thursday, September 5, 2013



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, =

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;”'j 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)z M+ const —
dt dt 2
dY d d(mV dmv?)/2 d
or else : B Py ( )-V: ( ) =
dt dt dt dt dt
(a) Uncompressed 1 (b) Compressed [ ]
(Large Y-space) Low energy (Small Y-space)  High energy
“Cool “Hot"
. |
3 ~&— |/) small : Vy large
Small momentum transfer Big momentum transfe
_iLy <‘—“L0w pressure @i “Figh pressure
Y - ) ( Y ( Y
21

Thursday, September 5, 2013



Potential field due to many small bounces

Example 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. In(y)

Thursday, September 5, 2013
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Big mass-m; ball feeling “potential-field” or “gradient”
due to small (m2 << mj) rapidly (v>>>v;) bouncing ball

Cconst.

In adiabatic case where v, =

I 1 1 1 const s
CO"St':EZEml"lZJ“Emz"%: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 j relates to Force F(Y) thru Work relations F-dY=+dU

The “Physicist” View of Force The “Mathematician” View of Force
U(Y) U(y)
FM™(Y)=-—

AT o

UphyS (Y) — _Jthys dY

Fmath (Y) — + d_U
dY

UY)=+ j FPs gy

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

Cconst.

In adiabatic case where v, =

I 1 1 1 const s
CO"St':EZEml"lZJ“Emz"%: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 j relates to Force F(Y) thru Work relations F-dY=+dU

The “Physicist” View of Force The “Mathematician” View of Force
U(Y) U(y)
FM™(Y)=-—

AT o

Uphys (Y) — _Jthys dY

Fmath (Y) — + d_U
dY

UY)=+|F" ay

Y
g (OK, But, does it work?)
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Big mass-m; ball feeling “potential-field” or “gradient”
due to small (m2 << mj) rapidly (v>>>v;) bouncing ball

Cconst.

In adiabatic case where v, =

I 1 1 1 const s
CO"St':EZEml"lZJ“Emz"%: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 j relates to Force F(Y) thru Work relations F-dY=+dU

The “Physicist” View of Force The “Mathematician” View of Force
U(Y) U(y)
FM™(Y)=-—

AT o

UphyS (Y) — _Jthys dY

Fmath (Y) — + d_U
dY

UY)=+|F" ay

Y | Y
(OK, But, does it work?)
s _ (const.)’ consistens oy _ AU d 1 (const.)2 _ (const.)’
> y? with - AY dy2 L Y o y?

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

Thursday, September 5, 2013
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2
1D-Isothermal Force Law (assume v is constant for all Y): |F = nm,v, _ const.

Y Y
2
hys m 2V2 AU . : 2
F7 = T — 'E implies : U=—m2v2 hl(Y)
1 (a) Off center x>0: Negative ‘:estoring force d Force |Potential
Ftotal Utotal
Hot ’
“Low pressure* “High pressure .
. B ! Unit 1
+ ! Y- .
o - e — Fig. 6.2
Y Y \iFtotal(x)
1 (b) Equilibrium x=0.: Balanced d
Medzum edlum
— QBB |
Medlum pressure Medlum pressure x F0 Anha.r monic
oscillator
& . terms...
Harmonic
Two opposing 1D-Isothermal Force fields OS(ljlllam’”
erm

F = fo_J =f[1—x+x2—x3...]—f[1+x+x2+x3...]:—2f-x—2f-x3—...

I+x 1—x
HO 1 k
HO _ _ oy = — U [JHO = Z | x? = —jFHO dx HO Xfrequency: @ = |— =27V
0x 2 m,
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m3 = 0.1 kg
m2= 350Kkg
ml = 0.1 kg

2

s V3= 208 mis
0156 m/s
186 m's

rrryry. .

N

&3

i

- E=39580595. . il
G deltaT= 0010 o0 ooioiy

55

\\\\\

s T L H
- . W - s s® o ol . . - N o - .
Lo . 8y 8 N w L et .
- . * . LI P

. AT S
. - . " . N - N l .- H
. RN : “ v . '
. '
. P H

] -

I . L 4 [
. .

Unit 1
Fig. 6.3

Simulation of

the adiabatic case

See Homework problem 1.6.1: Compute frequency and/or period for both isoT and adiabatic cases

Thursday, September 5, 2013
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&7 ‘ ®
m3 =0.100 g - V3=+01+43.695j cm/s IifHﬁ 6.0066 3
m2 =50.000 g 6.5V2=+01-1.0925 cm/s 1613 || B+ 2R5ARD erg
ml =0.100 g [ V1=+01i+44.7603 [cm/s i AT = S 10 ‘—ﬂﬂs
__6 :‘6
5.5 H5 5
-5 9
4.5 0.5
—4
/3.5

-3
i N
2.5 -
I =
i ®
1.5 15
Web \simulation 1 |
Try testing or else markup - -
0.5 NG
-21 1 -11.5 [l 1-11 -01'51 1 1l 10151 ]l-l 11 115 1 1‘21 2'151 1 1 10.51 1 ]l- 1'5 1 2.5
s I
http://www.uark.edu/ua/modphys/testing/markup/BounceltVWeb.html y Max = ad 7 ®
. - 0.75 |@ yMin= - o 1@ Quasi-harmonic oscillation (m1:m2 = 100:1)
Max x PE plot = d 05 [ TMax= © 6 [ Quasi-harmonic oscillation (m1:m2 = 50:1)
= Adiabatic force scenarios - - —
F-Vector scale = ™™ O 0.003 ) V2y Max = O 3 8 Quasi-harmonic oscillation (m1:m2 = 25:1)
Error step = o m 9 V2y Min = O > 9 Large amplitude (m1:m2 = 100:1)
ml= "0} f x10A =01 @ {g} Xlp=""0""1 ) x10A ™0™ @ {cm} Vlp=""O0"""" 45 A x10A ™0™ 1" {cm/s}
m2= """ 5 £ x10A ™01 10 {g} X20=_9_ 3.5 A x10A O™ g ) {cm} V20=—9_1 A x10A ™0™ @ {cm/s}
m3= "0} £ x10A ™01 10 {g} X30=—9"6 A x10A O™ g ) {cm} V30=—9-‘4.5 A x10A ™0™ 1@ {cm/s}
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http://www.uark.edu/ua/modphys/testing/markup/BounceItWeb.html
http://www.uark.edu/ua/modphys/testing/markup/BounceItWeb.html

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

Time

Space —>»
Q
| vo=0 The Wall
N~
Y
vy=2

(b) Trajectory geometry exposed

Space —>»
Time
¢ SR R ///.))
i /]
(a) Big space // \\ Vy2 (b) Decreas‘ing space || _\\ Vy2 (c) Small space ﬁ
Low speed || Increasing speed {1 High speed
2 AN V. Y = const. /
Bang (1),, N Y 7
I — 1 \\l Y — I —— Y B {
T — 1 — lf_ — Hi i - =L
AN / N
<+«—7—» |/ Bang (2)y) 4 y—p IE » " «r
049»%2-\ // O?—ﬂ»yﬁl Il WS @ Lucol :ﬁ

v

The Classical
“Monster Mash”

Classical introduction to

Heisenberg “Uncertainty” Relations

_ const.
V2 = —Y

1s analogous to: Ax-Ap=N-h

or: Y -v,=const.

Unit 1
Fig. 6.4
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Double “Monster Mash’”

V=0

p—

Unit 1
Fig. 6.5

See Homework problem 1.6.2: Construct related spacetime case

270 vy I
Vy=- vo=+1

VI +1 V2 2

7 R \\ \1/')/ 3
™ \_\\'""’I e % \ ==.

1 — =3 72 \\\\

Eigggg » __":i ) ;%i:>< HE

/

/

/

32
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(a) (b)

N V=N, .
+VN N/ /
\ ./
V=1 V=1 V=1
Unit 1 V2FIN
Fig. 6.6 +5 7= V=l o B VFl B V=l B,
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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
N 471 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)]
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Web SlmUIatZOI’Z http://www.uark.edu/ua/modphys/markup/VWaveltWeb.html
Try testing or else markup

Click here....

((Launch ) ((Fourier Control ) (Scenarios )  (Pause ) (SetT=0) (ZeroAmps) T-Scale= 1

@ ==

[ Iwelve (n=12) osciliatol

( Twelve (n=12) oscillato!

( Twelve (n=12) oscillato

( C(n) Character Table )

..then here....

(Quantum Carpet)

time = 0.29T
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http://www.uark.edu/ua/modphys/markup/WaveItWeb.html
http://www.uark.edu/ua/modphys/markup/WaveItWeb.html

Web simulation hupiiwwwuarkedulua/modphys/markup/WaveltWeb.html
Try testing or else markup .
Click here....

[ Iwelve (n=12) osciliatol

( Twelve (n=12) oscillato!

( Twelve (n=12) oscillato

(Local Control) (Fourier Control) (Scenarios) (Pause) (Set T-O) (Zero Amps) T-Scale=|1

Click here to
reset controls

@ ==

( C(n) Character Table )

..then here....

(Quantum Carpet)

time = 0.29T
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http://www.uark.edu/ua/modphys/markup/WaveItWeb.html
http://www.uark.edu/ua/modphys/markup/WaveItWeb.html

Type | Quantum Carpet 4]
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Farey Sum algebra of revival-beat wave dynamics
Label by numerators N and denominators D of rational fractions N/D

. 1/1
Tlme t ' n /d P path slope is 1/d p

(units of 1) '

(n,-1)/d,
____________________ n,/d, path

3/d, fractions
numerator/denominator

2/d, 2/d,
1/d, 1/d,
0/] | Coordinate ¢

-2 -14 0 14 12 (ynits of 2m)
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Farey Sum algebra of revival-beat wave dynamics
Label by numerators N and denominators D of rational fractions N/D

, 1/1
Time ¢

(units of Ty)
(n,-1)/d,
2/d,

1/d,

0/1

-172  -1/4 0

3/d,
2/d,

1/d,

n /d P path slope is 1/d P

n,/d, path
fractions

numerator/denominator

Coordinate ¢

(units of 27)
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Farey Sum algebra of revival-beat wave dynamics
Label by numerators N and denominators D of rational fractions N/D

1/1
Time Z— """""" ]'/d& ST T T nZ/death slope is ]/d2
(unitsof Ty) - | T——
(n]—|—])/d1 Inz'/d2/
n,/d,
(n,-1)/d,
____________________ : n,/d, path
3/d, fractions
. numerator/denominator
2/d, 2/d,
1/d, 1/d,
0/] | Coordinate ¢
-172 -1/4 0 1/4 1/2

(units of 27)
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Farey Sum algebra of revival-beat wave dynamics
Label by numerators N and denominators D of rational fractions N/D

, 1/1
Time ¢

(units of Ty) :
(n,+1)/d,

(n,-1)/d,

0/1

-1/2

14/d,
]3/d1 nz/dZ path slope is ]/d2
12/d,

n,/d;—

n/d, pathslopeis-1/d,

. n /d; and n,/d, path

3/d, fractions
numerator/denominator

2/d,

1/d,

Coordinate ¢

_1/4

0

(units of 27)
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Farey Sum algebra of revival-beat wave dynamics
Label by numerators N and denominators D of rational fractions N/D

]/] 14/d,
Time Z‘ B e ]-/d& o n-]3/d1 n./d, path slope is 1/d,
, . —---------------= —1/2/d iy -t
(units of 1) © [ 1
. 1/2 -
(n,T1)/d, ((I) ’t@,) In,/d, ny/d, -t
—njd —— 12 ¢~ -ld,
(ng'])/dg n,/d, pathslopeis-1/d, B
n,/d, and n,/d, path
3/d > | intersection time
nyTn,

i vy | T g 1 +d;

(Farey-Sum)

1/d, 1/,
0/] | Coordinate ¢

-2 -1/4 0 14 12 (units of 27)

[John Farey, Phil. Mag.(1816)]
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Farey Sum algebra of revival-beat wave dynamics
Label by numerators N and denominators D of rational fractions N/D

1/] 14/d,
Time Z- B e ]'/d& o n—.]j’/d] n./d, path slope is 1/d,
. R e e —{12/d /dn - t d
(units of )+ | N /22/%&
. 1/2 -
(n,T1)/d, ((I) ’t@,) In,/d, ny/d, -t
S d——12-¢ -4,
(ng'])/dg n]/d] path slope is -]/d] B
n,/d, and n,/d, path . n,/d, and n./d, path
intersection point | 3/d, | intersection time
_dnynd, » ¢ = n;+n,
® d;td, ) Y dytd,

(Ford-Cross) 1/d (Farey-Sum)
2

1/d,
0/] | Coordinate ¢

-2 -1/4 0 14 12 (units of 27)

[Lester. R. Ford, Am. Math. Monthly 45,586(1938)] [John Farey, Phil. Mag.(1816)]
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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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(Quantim, computer’ simulation
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Geometric “Integration” (Converting Velocity data to Spacetime)
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Unit 1
Fig. 8.4a-d

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,V>).)
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