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 (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)]
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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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* Link to Bouncelt: Vy2 vs Vy1 animation
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http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=1009
http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=1009
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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

L Y-
(Large Y-space) Low energy

Unit 1 “Cool *

Fig. 6.1

| ~&— |/H small

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

V5 large

Small' momentum transfer Big momentum transfe
0y <@—"Low pressure” <_I- High P”;SSW@
y —= - | !
I S Y -«
IN A
v,
AP lower ‘vz‘ longer At
FIN
z =
2Y seconds
AP& g At - per Bang
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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
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Big mass-m; ball feeling “force-field” or “pressure”
of small (m2 << my) rapidly (v2>>v;) bouncing ball

(a) Uncompressed
L Y-
: (Large Y-space) Low energy
Unit 1 B B
: Cool
Fig. 6.1
~&— |/H small
Small' momentum transfer
<@—"Low pressure”
Y=Y Y
>
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AP(— lower ‘vz‘ longer At
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2Y seconds
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This y P AP
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of Force... At ’

(b) Compressed
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Double-Bang Sequences
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Double-Bang Sequences
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V> Double-Bang Sequences V5
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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 -
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Small' momentum transfer Bigger momentum transfer
@—"Low pressure @—Higher pressure”
y] =H-Y ! Y . Y

>
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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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AP 1
F=—=(AP= 2m2v2)( "2) Y, Nota
At

At Y Y "Double-Whammy"...
2 ...only a
ID-Isothermal Force Law (assume V., is constant for all Y): |F = MyVy _ CONSt. "Single-Whammy"
Y Y
However, 1f ceiling 1s elastic, v, 1sn’t constant if m; changes bounce range ¥V: —=v;=——
2 dt dt
When m; collides with m; it adds twice its velocity (2v;) to v2. This occurs at “bang-rate” B=v>/2Y .
dv dY v
22 2y B=2v 2 =252
dt 2Y dt 2Y
Wall not given time to give or take KE
g g
(a) Uncompressed (b) Compressed
(Large Y-space) Low energy (Small Y-space)  High energy
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ey, - —————. P P #
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AP |
F (AP 2m2V2) ( V2 j m2V2 Not a
At

At 2 Y Y "Double-Whammy"...

2 ...only a

ID-Isothermal Force Law (assume V., is constant for all Y): |F = My, _ CONSE. 'Single-Whammy"
Y Y

However, if ceiling 1s elastic, v, isn’t constant if m; changes bounce range Y- 7l
When m; collides with m; it adds twice its velocity (2v;) to v2. This occurs at “bang-rate” B=v>/2Y .

Y Y

dvy =2vB= 2v1 = —Zd—YV—2 simplifies to: dvy = _dar

dt 2Y dt 2Y Vs Y
Wall not given time to give or take KE
(a) Uncompressed (b) Compressed

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

Low energy
((HOt €€

((COOI %3

2

A

[ ‘

P V2 small V2 large "Double-Whammy"
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AP |
F (AP 2m2V2) ( V2 j m2V2 Not a
At

At 2 Y Y "Double-Whammy"...
2 ...only a
[ D-Isothermal Force Law (assume Vv, is constant forallY): |F = MaVs _ const. "Single-Whammy"
Y Y
However, if ceiling 1s elastic, v, isn’t constant if m; changes bounce range Y- 7l
When m; collides with m; it adds twice its velocity (2v;) to v2. This occurs at “bang-rate” B=v>/2Y .
dv dY v T dv dY
—2 =2yB= 2v1 =2——= simplifies to: —2 =———
dt 2Y dt 2Y Vs Y
: : : : . 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: Invy,=—InY+C or: Inv,=In or: Vv, =
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) High energy

“Cool “ HO___t

A
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~&— /) small

Small' momentum transfer Big :mome.ntum transfe
_ILY <—“LOW pressure “ ﬁ “ngh pressure B
! > < Y <«
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AP |
F (AP 2m2V2) ( V2 j m2V2 Not a
At

At 2 Y Y "Double-Whammy"...
2 ...only a
, m,v,  COnSst. - :
[ D-Isothermal Force Law (assume Vv, is constant forallY): | =—22%— S Single-Whammy
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; 1t adds twice its velocity (2v;) to v2. This occurs at “bang-rate” B=v,/2Y .

vy =2vB= 2v1 = —2d—YV—2 simplifies to: vy = _dr
Differential equation results and has logarithmic integral. Jd—; =Inx+C =log, x+log,e” =log,(e"x)
d dy . . .
o 2 integrates to: Inv, =—InY+C or: Inv,=In O o Vy = core
V) Y Y Y

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 = =
Y Y 3 3
Y Y
(a) Uncompressed 1 (b) Compressed [ ] A
(Large Y-space) Low energy (Small Y-space)  High energy "Double-Whammy"

“H()t It

“Cool*“

~&— V) small | V) large
Small momentum transfer Big :mome.ntum transfe
LY <— ‘Low pressure* @i “Figh pressure
Y1 > 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)

Monday, September 5, 2016
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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 A

Low energy (Small Fspace) Hll;ght energy "Double-Whammy"
o

(a) Uncompressed
(Large Y-space)

system
2

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

~&— |/) small

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

>

y;=H-Y Y

20
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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

(a) Uncompressed 1 (b) Compressed A
L )& : Y- ;
(Large Yspace) Low energy (Small Tespace) 1?1gh enersy "Double-Whammy"
oo = system
Gl o |
‘ | -
: ~&— |/) small ‘ Vy large
Small momentum transfer Big :momgntum transfe
Y <@—"Low pressure @i “Figh pressure
> ! D S

21
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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) Uncompressed 1 (b) Compressed A
L )& : Y- ;
(Large Yspace) Low energy (Small Tespace) 1?1gh enersy "Double-Whammy"
oo = system
Gl o |
‘ | -
: ~&— |/) small ‘ Vy large
Small momentum transfer Big :momgntum transfe
Y <@—"Low pressure @i “Figh pressure
> ! D S
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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 A
L )& : Y- ;
(Large Yspace) Low energy (Small Tespace) 1?1gh enersy "Double-Whammy"
oo = system
Gl o |
‘ | -
: ~&— |/) small ‘ Vy large
Small momentum transfer Big :momgntum transfe
Y <@—"Low pressure @i “Figh pressure
> ! D S
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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

’ om? A: 19 gy = (9 gy (V- = — ¥+ const =
Q?Another axiom? A: No. JF.dy_Jdt .dy_J - -dp—jv-dp—jv-d(mV)—m > + const =

(Here: V =v,)

(a) Uncompressed 1 (b) Compressed A
L Y-spac Y- ;
(Large Y-space) Low energy (Small Tespace) 1?1gh enersy "Double-Whammy"
“Cool*“ Hot
system
Gl 2
! I
: Vo small | V) large
Small momentum transfer Big }momgntum transfe
—HY <@—"Low pressure” <—f- “High pressure "
Vi ) ( Y ‘ ( Y
24

Monday, September 5, 2016



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
"“””°:E:5ml"12+5m2"22=5mwf+5%[ Y 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;”'j relates to Force F(Y) thru Work relations F-dY=+dU

- : d dY 14
Q?Another axiom? A: No. JF.dY - J—p-dY = J—-dp _ jv-dp = JV-d(mV) = m—+ const =
dt dt 2
dY d d(mV dmv?)/2 d -
or else : -—:—p-V: ( ).V: ( ) — (Here.V—v2)
dt dt dt dt dt
(a) Uncompressed 1 (b) Compressed [ A
(Large Y-space) Low energy (Small Y-space) le;g(flt energy "Double-Whammy"
______ wfbjl L ) system
3 ~&— |/) small : V, large
Small momentum transfer Big momentum transfe
_ILy <‘—“L0w pressure @i “Figh pressure
Vi " ) ( Y ( Y
25
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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
Example of 1D-Isothermal potential U(y)=const. In(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)=+ 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, =

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

For the

r Y
(OK, But, is this consistent with the F=(const)’/Y> (onp.18)?) ™imms
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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, =

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

For the

r Y
(OK, But, is this consistent with the F=(const)’/Y> (onp.18)?) ™imms

2 2 2
thys =m, (CO;i‘t-) consistent thys _ _i_l;:_;iyémz ( CO;St.) —m, (CO;it.)
with -
(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)
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Not a

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

Y Y

...only a

"Single-Whammy"

m,v,” AU

thyS:—:

Y AY

2
2 Y=y, In(Y)

implies : U(Y):J-thySdY: J_ .

const.= E = %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
U(Y) U(y)

T o

UphyS (Y) — _Jthys dY

Fmath (Y) — 4 d_U
dY

UY)=+ j Frivs gy

Y Y
(Same integral/differential relations)
2
poys_ MV _ const. consistent by _ AU _ d (-const.ln(Y)) _ const.
Y Y with AY  dY Y

(Hurrah! again)
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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

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

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

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

“Low pressure” gy “High pressure .
. B ! Unit 1
Y+x | )A .
o e — Fig. 6.2
Y Y \iFtotal(x)
1 (b) Equilibrium x=0.: Balanced d
Medzum edlum
: -@BEL |
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...]:—2]£x—2f-;c3—...

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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Example of oscillator with opposing Isothermal potentials

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

F =

P
m,v,

COnst.

Y

Y

2
m.v AU
thys=#=—— implies :

Y AY

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

“High pressure

Cinn

(Y+x) | (Y-x)

“Low pressure “_»

Potential
Utotal

U=-m,v; In(Y)

Y Y

(b) Equilibrium x=0.: Balanced

=e=

Medzum.

Medlum pressure’

I

“Medium pressure X

Two opposing ]D-Isothermal Force fi elds
Ftotalz f . f

Yo+x Y,—x

Unit 1
Fig. 6.2
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Example of oscillator with opposing Isothermal potentials

F =

P
m,v,

const.

Y

Y

1 D-Isothermal Force Law (assume v> is constant for all Y):
m,v, AU
thys= 22— implies :
Y AY
1 (a) Off center x>0: Negative ‘:estoring force d Zooi;fle
Hot P

“Low pressure “_»

(Y+x)

“High pressure“
>0

Utotal

Potential

Y Y

1 (b) Equilibrium x=0.: Balanced d

edlum
/

Medmm pressure " !

Medlum

Medmm pressure

U=-m,v; In(Y)

Two opposing ]D-]Sothermal Force fi elds
J J

Unit 1
Fig. 6.2

Ftotal:
Yo+x Y, —x
(Y, +x) = —xY +xY —xY
¥, +x)'= Y 4y B o o) ”(”'21?(3”'2) e ”(”'1;(.”3'.2}”'3) -4

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

2
m.v AU
h . .
FPW = —2 2 = —— implies :
Y AY
1 (a) Off center x>0: Negative ‘:estoring force d
Hot

“Low pressure “_»

“High pressure
h
Y+x z
Iy D

F =

P
m,v,

const.

Y

Y

Force

Ftotal

Utotal

Potential

Y Y

1 (b) Equilibrium x=0.: Balanced d

Medlum pressure* !

Medlum

Medmm pressure

Two opposmg ]D-]Sothermal Force fi elds

Ftotal: f . f f|: x X XB +--°:|—...

Y,+x Y, —x Y, Y’ Y3 v
(Y+x)— —xY +xY—xY

U=-m,v; In(Y)

Unit 1
Fig. 6.2

n(n-1) ., N n(n-1)(n-2) Y3 iy n(n-1)(n-2)(n-3) Yt

(Y, +x)"'= Y, +nY,"" x+ Y,

2-3

Binomial Theorem

0

2.3-4

0
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Example of oscillator with opposing Isothermal potentials

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

Y Y

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

Force |Potential
Ftotal Utotal
Hot
2
Hi

thys = implies : U=—m2v§ hl(Y)

“Lowpressure”_» “High pressure“ .
. . Unit 1
Y+x | )A .
P — Fig. 6.2

n Y Y \iFtotal (x)

1 (b) Equilibrium x=0.: Balanced d

Medlum pressure ! x §0

Two opposmg ]D-]Sothermal Force fi elds
poa__J f[ X x X’ +--1—f L, x +x3 +}

Medzum

Medmm pressure

Y,+x Y, —x Y, Y Y3 A Y, Y/ Y3 Y
(Y, +x)'= Y, =xV 2 +x7Y ] =xY (Y, —x)'= Y, +xV 247V 7Y
-1 -1)(n-2 -1)(n-2)(n-3
(V, +x)'= Yon_l_nYOn—lx + n(n )Yon—z e n(n 2)(3” )Yon—3x3_|_ n(n ;(”; i(n )Yon—4 ¥4

Binomial Theorem
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Example of oscillator with opposing Isothermal potentials

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

Y Y

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

Force |Potential
Ftotal Utotal
Hot
2
Hi

thys = implies : U=—m2v§ hl(Y)

“Lowpressure”_» “High pressure“ .
. . Unit 1
Y+x | )A .
P — Fig. 6.2

n Y Y \iFtotal (x)

1 (b) Equilibrium x=0.: Balanced d

Medlum pressure ! x §0

Two opposmg ]D-]Sothermal Force fi elds

v f X G X X X’
Frovl— - =fl F——StNs——+ |- f| F+=tE+—F+"
Y‘|‘X Y—x YO Y() YO YO

Medzum

Medmm pressure

(Y, +x)'= Y, =xV 2 +x7Y ] =xY (Y, —x)'= Y, +xV 247V 7Y
-1 -1)(n-2 -1)(n-2)(n-3
(V, +x)'= Yon_l_nYOn—lx + n(n )Yon—z e n(n 2)(3” )Yon—3x3_|_ n(n ;(”; i(n )Yon—4 ¥4

Binomial Theorem
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Example of oscillator with opposing Isothermal potentials -
[ D-Isothermal Force Law (assume v- is constant for all ¥): |F="2"2 _ const.

Y Y
2
hys m 2V2 AU : : 2
FP = v = AY implies : U=—m2v2 hl(Y)
1 (a) Off center x>0: Negative ‘:estormg force d Force |Potential
Ftotal Utotal
“Low pressure” _gg, M‘ .
o % Unit 1
Y+ ‘ Y- .
e . > Fig. 6.2
Y Y \iFtotal(x)
1 (b) Equilibrium x=0.: Balanced d
Medlum wedlum it \ Anharmonic
oscillator
Medmm pressure Medmm pressure x §0 ) terms...
Harmonic
i oscillator
r
Two opposing ]D-]Sothermal Force fi elds approximate harmonic oscillator e m

ol S _ o A xz__ A r N S, W A
R e vt

(Y, +x) =Y —xV 24V =2y (Y, —x)'= Y, +xV 27V 07
(V, +x)'= Yon_l_nYOn—lx + n(n-1) Yon—z i n(n'zl)(?)n'z) Yon—3x3_|_ n(”'li(fgzi(n':s) Yon—4 ¥4

Binomial Theorem
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Example of oscillator with opposing Isothermal potentials

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

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

“Low pressure u_» “High pressure“ .
. Unit 1
(Y+x) > < ) .
N \ Fig. 6.2

Y Y \iFtotal (x)

1 (b) Equilibrium x=0.: Balanced
mfed’“m Anharmonic
oscillator

=9s

Medzum.

Medmm pressure " “Medium pressure x 0 ) terms...
Harmonic
i oscillator
term
Two opposing ]D-Isothermal Force fi elds appmxzmate harmonic oscillator

total _ f . _ _i _X_ .. _ - _ - -
) _Yo'l')C Yo_x_f{x Yy % Y04+ } [X X-I_ o } 2f 2f

Harmonic oscillator force constant : k=2 f /YO = 2m2v§ /Y,
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Example of oscillator with opposing Isothermal potentials

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

Y Y

b _ m2v§ AU o [ 210 (y
=—=-— implies . =-m,Vv, Il( )
Unait 1

(a) Off center x>0: Negative ‘:estoring force Force |Potential
Q Utotal
Fig. 6.2
\ Anharmonic
oscillator
x 0 , terms...
Harmonic
oscillator l

“High pressure

h
><—(

“Low pressure “_»

(Y+x)

Y Y

Medzum

Medlum pressure’ “Medium pressure

||
1 (b) Equilibrium x=0.: Balanced %

? —

L
Two opposing ]D-]Sothermal Force fi elds appmxlmate harmonic osczllator

term

e e AR T

Harmamc oscillator force constant : k=2 f /YO = 2m2v§ /Y,

( Harmonic Oscillator Force
aUHO
© = —k°x = —
_ 0x Y,
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Example of oscillator with opposing Isothermal potentials

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

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
Hot ’
“Low pressure u_» “High pressure“ .
. Unit 1
(Y+x) | Y- .
e > Fig. 6.2
Y Y \iFtotal(x)
1 (b) Equilibrium x=0.: Balanced d
Medmm mfedlum || \ Anharmonic
) oscillator
Medmm pressure Medmm pressure x §0 ) terms...
Harmonic
i oscillator
. . . . term
Two opposing ]D-]Sothermal Force fi elds approximate harmonic oscillator f

o f f X ;X X x’ X X
F l:Y —Y :f —F %—F-F'“ —f +F 3+F+“' :-2fF—2fF—...
otX  Iy—X 0 0 0 0 Ty 0

Harmonic oscillator force constant : k=2 f /Y= 2m,v; /Y,

( Harmonic Oscillatgor Force) ( Potential )
1
H0=—k'x=—aU UH0=—k'x2=—jFH0dx
- dx J 2 Y,
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Example of oscillator with opposing Isothermal potentials

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

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
Hot “ P
“Low pressure* “High pressure .
R I Unit 1
(Y+x) | Y- .
N > Fig. 6.2
Y Y \iFtotal(x)
1 (b) Equilibrium x=0.: Balanced d
Medzum. wedmm 1 \< Anharmonic
i oscillator
Medmm pressure Medmm pressure x £0 . terms. ..
Harmonic
i oscillator
term
Two opposing ]D-]Sothermal Force fi elds appmxlmate harmonic oscillator

total _ f . _ _i _X_ .. _ - _ - -
) _Y0+x Yo_x_f{% Yy % Y04+ } [X %-I_ o } 2f 2f

Harmonic oscillator force constant : k=2 f /YO = 2m2v§ /Y,

( Harmonic OScillathr 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
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What does Harmonic mean?

1 1
Given total energy E = KE+PE =—mV’> +—kY”

2 2
E 1s same constant for any amplitude ANof sine-oscillation where:
Y = Asinwt<__ with velocity V = Aw cos ot

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

1 1
== mw” A’ (cos a)t)2 + > kA® (sinwt)”

1 . 2
:EmcozA2 (0032 Wt + sin” a)t) if: mw? =k

= lmcozA2 if: o= \/E
2 m
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Switch
mi=ms3
with
m2
to match
formula

II!JJ .

2'7

65

t= 1288 ;i';’s?; it

E 39 .5 80595

wwrooot

,,,,,,,,

FIEEY

"N e

. . .o .4 .4 .. . " . “ 4. - . *
. 8 P e . -
. s A

L T R L H
R L M R te * R |
. et " . et e, . e ot L

- vt s ) . ol M

. LI R S . =

. LR T T L |

.. N e .

PR 8 S

e v . . . |

. * * I |

- - “ % = '

AR . '

Sl '

—_—

[ [ ST N TR S T
P T A L .

ti i an 2|

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

(Frequency

\_

HO Xfrequency: o=

k 2m, v
—=[—=—=2271v
m m Yo 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)

II!JJ .

2'7

65

t= 1288 ;i';’s?; it

E 39 .5 80595

wwrooot

,,,,,,,,

FIEEY

"N e

. . .o .4 .4 .. . " . “ 4. - . *
. 8 P e . -
. s A

L T R L H
R L M R te * R |
. et " . et e, . e ot L

- vt s ) . ol M

. LI R S . =

. LR T T L |

.. N e .

PR 8 S

e v . . . |

. * * I |

- - “ % = '

AR . '

Sl '

—_—

-~ ‘_ - - s .o ¢ S - - N ’, -~
[ [ ST N TR S T
P T A L .

ti i an 2|

Sample problem: Compute isothermal frequency and/or period

Period :

Unit 1
Fig. 6.3

Simulation of

the adiabatic case

( Frequency

HO Xfrequency: @
.

1 Y
r=—=om, Mooy |0
v k 2m, v,

N

\/ \/2m2 v, D

m J

Monday, September 5, 2016

46


http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=20811
http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=20811

Switch
mi=ms3
with
m2
to match
formula

g

--------

« O

L - s el e
AR R RN
_:'.~~.‘.‘~'f.‘ '

......

. . .o .4 .4 .4 . " . “ 4, - .,
- g B ‘. “ . " . A. -
-~ -~ A ’, -~
.
L 4

—_—

eoe LT L T L H
I O P TR
SEEEEE] (i EREES

N ] - oo Loe

P !

e iirattac

Bouncelt Superball Collision Web Simulator: 1:500.1 mass ratios (Small Amplitude)

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 :

T

m, Y,

=2 =6.28

2m, v,

=17.38

50 35
2-(0.1) 20

1
%

Period: 1=

m, Y,

— =21, / =27
k

2m, v,

( Frequency

HO Xfrequency:
.

~

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

t= 1288 ;i';’s?; it

E 39 5 80595

de"aT' 0 01,

"N e

......

Bouncelt Superball Collision Web Simulator: 1:500.1 mass ratios (Small Amplitude)

. - . - we * - . et e, .t - N .. .
. c e e « . o . .. - o o - .
. % . . A A -t B N et L
R PR T U N A < I |
NN = A B . E D '

N L I PR :

[ [ LAY B T
D D N . - n e LE—

.,1',."5

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 =21

=17.38 That’s about \3 times too big! S

2m, v,

50 35

2-(0.1) 20

1

T:——_ZnJ =27
k

U

Period :

m, Y,

2m, v,

( Frequency

HO Xfrequency:

\/ \/2m2 v, P
m J

~
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®7 7 ®
m3 =0.100 g - V3=+01+43.695j cm/s Ii1H= (.000 ¢
m2 =50.000 g 6.5v2=+01-1.0929 cin/s 6dl | B+ 20 05| et
ml =0.100 g [ V1=+0i+44.7605 cm/s ! AT a3 0Ok -#Hs
6 16
5.5 H5 5
-5 9
‘_4.5 _—4.5
—4
-3 N
- \\___
2.5 -
I =
%
1.5 15
i i Bouncelt Superball Collision Web Simulator:
-1 | 1:500:1 mass ratios (Large Amplitude)
0.5 NS
-2 -1.5 -11 -0.5 0.5 :!- 1.5 ‘2 2.5 0.6 ]l- 15 2 ) 5 ; BJ5 4 415 ? 55 )
IR TS TR TN SN SN Y TN N NN N TN SO SO SN TN T T | 1111111111111111111111[1" l1||11 oy Wy f el Ml I '11111111 11]1 e
y Max = © 7 |6
e - q; Ao | H - A
Initial x1 0.75 |@ y Min 0 ® Quasi-harmonic oscillation (m1:m2 = 100:1)
Max x PE plot = hd 05 [ TMax= hd 6 ® PP, Quasi-harmonic oscillation (m1:m2 = 50:1)
F-Vector scale = ™™O '0.003/ ) V2y Max = O 3 ) Quasi-harmonic oscillation (m1:m2 = 25:1)
Error step = © m@ V2y Min = o T@ Large amplitude (m1:m2 = 100:1)
-
ml= "0} £ x10A =01 10 {g} Xlp=""0""]1 6 x10A ™0™ A {cm} Vly="O0""""" s B x10A ™01 1) {cm/s}
m2="""0"" 5 £ x10A =0 f{g} X2p="""0""135s ) x10A =0 g B {cm} V24="""O0""] G x10A ™0™ ) {cm/s}
m3= "0} £ x10A =01 A {g} X3="0"Ts £ x10A ™0™ 5 1@ {cm} V3p=""""0"" 45 6 x10A ™01 @ {cm/s}
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m3 = 0.1 kg
m2= 350Kkg
ml = 0.1 kg

s V3= 208 mis
2 =-0156 m/s
— 186 m/s

rrryry. .

N

&3

i

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

55

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

\\\\\

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
. LN : “ v . '
. '
. P H

] -

[ L 4 [
. .

Unit 1
Fig. 6.3

Simulation of

the adiabatic case

See Homework problem 1.6.5: Compute frequency and/or period for both isoT and adiabatic cases
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®7 7 ®
m3 =0.100 g - V3=+01+43.695j cm/s Ii1H= (.000 ¢
m2 = 50.000 g -6.57V2=+01-1.0923 cm/s ralsl | &2 RS AR5 ery
ml =0.100 g [ V1=+0i+44.7605 cm/s ! AT a3 0Ok -#Hs
6 L6
5.5 H5 5
-5 9
‘_4.5 _—4.5
—4
H3 N
L N
2.5 -
I ~
i *
1.5 15
* Link to Bouncelt animation with :—1 1
1:500:1 mass ratios (Large Amplitude) -
0.5 IS
-21 11 :11.51 L1 1-111 [ :01'51 11 L1 10151 1 1]|-1 L1 11151 [ 1‘21 1 12.[51 1 1 10.51 1 ]l- 1 11'51 1 1‘ an 2.5 Il
O
y Max = © 7 [
) - q rersl i - G o |
. 0.75 |@ y Min 0 ® Quasi-harmonic oscillation (m1:m2 = 100:1)
Max x PE plot = e 05 [ TMax= © & [ Quasi-harmonic oscillation (m1:m2 = 50:1)
o - o Adiabatic force scenarios - - —
F-Vector scale = ™™ 0.003 ) V2y Max = O 3 8 Quasi-harmonic oscillation (m1:m2 = 25:1)
Error step = o ro500] 9 V2y Min = O > 9 Large amplitude (m1:m2 = 100:1)
ml='0_>1 ) x10A = O} £ {g} Xlo=—9_ 1 G x10A ™0™ ) {cm} V10=_G'_ -4.5 8] xlO"ﬁ}_bl ) {cm/s}
m3= O] A x10A =01 10{g} X3=""0"Ts 6 x10A ™05 A {cm} V3p="""0"" a5 6 x10A ™0™ 1" () {cm/s}
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m3 =0.100 g L V3=+01-27.0793 [cm/s 'i "| =l“l|' i
m2 = 50.000 g 6.572=+01+0.1439 dm/s el :i I 18 ( |! |: |
ml =0.100 g . V1=+0i-23.1273 |cm/s : ” “ ” |||l|”|| |
_6 liv . i ) N
| ,'““ * "‘lilnlmmlu | Ii||||' IW i ’ [ At
5.5 E?‘ ""!Illllll H{!j I il |
: ! ‘ ” |
-5 I | q
[4.5 ‘ ,-
#
53.5
- b
;2.5 5.5_5
-2 #‘“ J n
I T
5 (i 1’ "
._1 |
.:).5 .W
L oas 1l s 0,5 1 1,5 y 2.5 1 1}
"""""" ..14)( Ll (AR 1Tn f

* Link to Bouncelt animation with 1:500:1 mass ratios (Small Amplitude)
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http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=2081
http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=2081

m3 =0.100 g - V3=+01-27.0793 |cm/s I f : = l“| || Il |
m2 = 50.000 g 6.5V2=+01+0.1435 ¢om/s : :i I H D I" I ” “ |
ml =0.100 g . V1=+01-23.1277 |cm/s : :l ” | il lll 'I
-6 ‘ 10 OO
: ,” wl ":::lnlmhlul | nlui ||“|\M II!II 'Wl‘"l,lll,l ’ l"iz‘? | ‘ |
i [ il i | | ‘ m
5.5 Note drift of total E ”|||||l| i ,!,’ (AL il L ’ | m u “ 'F H
: from 64.052 | ” | ‘ ’ | "
c 0 63.917 | | | H Hl
:_4 //
! Note drift of cern,er for M,
LN SN N N

@ i E
z -1 3 1 y 5 1 ' - 0
PO :1.51 it l [ | :0.51 PR i i1 10'51 i1 3 l T - 11151 PR 4 11 1 12'51 :__ | ? ] 5 z i
| | | Syl T AR T

* Link to Bouncelt animation with 1:500:1 mass ratios (Small Amplitude
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http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=2081
http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=2081

m3 =0.100

m2 = 50.00(
ml =0.100

)

-

< g

)

~—
—

=
-

(J

-6

.;5.5

-5

V3=+01+27.2125

-6.5V2=+01-0.0583 ¢

V1=+0i-23.2127

cm/s
m/s
cm/s

Time =2.181s

AT =+5.00e-4 s

E =+64.052 erg

Force constant = +5000000.000
|| Force power = +6.000

.ﬁ)mg (Collision) = +0
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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)]
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http://www.sciencedirect.com/science/article/pii/S0022285201984498
http://www.sciencedirect.com/science/article/pii/S0022285201984498
http://www.cimat.mx/~gil/docencia/2008/elementales/circulos_ford.pdf
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 The ClaSS lcal
Space —> v “Monster Mash”™

o
| v2=0 The Wall Classical introduction to
= Heisenberg “Uncertainty” Relations
Time A ]
vy=2

_ const.

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

or: Y -v,=const.

(b) Trajectory geometry exposed

Space —>»
Unit 1
Fig. 6.4
Time
¢ S B /)
i Ip * Link to Bouncelt “Monster Mash” x»(t) animation
—5 1l (Note: Time sense is inverted)
(a) Big space // \\ Vy2 (b) Decreas.ing space /_ _\\ Vy2 (c) Small space %VyZ
Low speed || Increasing speed {1 High speed (]|
Bang (1) KRN Vy Y = const. RATIRN
IIZ// _!I» —= 'i_Y — 7 T 1 ,\Y B —= ] | T—_ Y
L I 1 — |1 1 I ———— 7 P
e g N ang (n+1
QO &7 0| Q@ VS D :ﬁ
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http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=3004
http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=3004

V2=+0.0641+0j cm/s

V1=-9.98e-4i+0j cm/s

Time = 34.276 s
AT =+0.002 s
E = +2.54e-4 erg

Force constant = +5000000 ._

Force power = +6.000
Drag (Collision) = +0

~0.5

._

31
NS
-

--0.5

* Link to Bouncelt “Monster Mash” Vx> vs X2 animation

——
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http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=3000
http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=3000

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

/

/

/

58
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(a) (b)

. VIIN=yINLD Y, >
+vV N/ /
\ -/
V=1 V=l Vsl
Unit 1 i
. 0,
Flg. 6.6 +5 V=1 V=1 B V=1 B, V=1 B,
and 4
- 3
Fig. 6.7 12 (¢c) 4 A, A,
+1
0 v,
Y /
2
B’ B, B,

(a) Galilean shift by V=1
0

(b) /) The Wall

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

TlIIl@ [ (umts of fundamental period T)

(Imagine "wrap-around" (-coordinate)
— T

3/4
7/10

1/1 “1/2~1/2 _|_n'/2
A 0 "
9/10
4/5 ‘

3/5

1/

-1/2

Coordinate ¢ (umts of 27t)
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Wavelt We b Simu l ation htp:z//www.uark.edu/ua/modphys/markup/WaveltWeb.html?scenario=Quantum%20Carpet

[ Iwelve (n=1Z2) osciliatol

( Twelve (n=12) oscillato

(Twelve (n=12) oscillato

( C(n) Character Table )

Click here....
(‘Launch ) (FourierControI) (Pause ) (SetT=0) (Zero Amps) T-Scale= 1 p =
..then here....
b=-T =0 o=+
o=0

| ‘a

\

wii,ﬂ/ |

Starts with Gaussian V(o,t)

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

5
( Quantum Carpet )
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http://www.uark.edu/ua/modphys/markup/WaveItWeb.html?scenario=Quantum%20Carpet
http://www.uark.edu/ua/modphys/markup/WaveItWeb.html?scenario=Quantum%20Carpet

Wavelt Web simulation htte:/www.uark.edu/ua/modphys/markup/WaveltWeb.htmi?scenario=Quantum%20Carpet

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

O=-T7 ¢=0

..then here....

[ Iwelve (n=12) osciliatol

( Twelve (n=12) oscillato!

( Twelve (n=12) oscillato

( C(n) Character Table )

O=+m

7=

8

time
t=029Tmax

t=025Tmax

t:020Tmax

t=0 JOTmax
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http://www.uark.edu/ua/modphys/markup/WaveItWeb.html?scenario=Quantum%20Carpet
http://www.uark.edu/ua/modphys/markup/WaveItWeb.html?scenario=Quantum%20Carpet

time = 0.60T3/5

f
1/2

W

275
2
1/3

el
1/4

2

1/5
1/6
177

s
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Fourier Control ) (Scenarios )  (Pause ) (SetT=0) (ZeroAmps) T-Scale= 1 6] ——
Set this and then click here.... -

[ Quantum Carpet ﬁ)

Time Behavior | pause at End 49
Time Start (% Period) =0 [ O
Time End (% Period)= 60 p O
Del-x Width (% L) =4 [ O
Excitation (Max n) = 20 [ O
Left (% L) =0 [ O
Right (% L)=100 p =0
n-Mean (% Max n)= 0 [ O
Peak1 Mean (% L)= 50 fp =
OverAll Scale =1 [ O—
Peak2 Mean (% L)=0 [ O
Peak2 Amp (% Peakl)=o [ O

Draw Ring ¥ m/n Labels ¥

m-Boxcar [}

Draw m-Bars ¥ m-Bars Max = 30

Aspect Ratio {W/H} =

L5

Red Level =

128

Green Level =

0

Blue Level =

128

Alpha Level =

Definition Level =

0.5

p o=
p —o—
p o=
Q —o—
[ =0
p o=

[Cha

111||‘||‘|’||11..
-10 -5 0 5 10 15
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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)

Monday, September 5, 2016
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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,

2/d, 2d, | L= d+d,

(Farey-Sum)

1/d, 1/d,
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

, 1/1
Time ¢

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

(n,-1)/d,

n,/d, and n./d, path
intersection point
_ dinynd,
® d,+d,
(Ford-Cross)

1/d,

0/1

-1/2

14/d,
13/ d] nZ/dZ path slope is ]/d2
-1
12/d, % = 1/d,
e —
In2/d2 El/dl -t
n/d——12-¢ — ~ld,

n ]/d ; path slope is -1/d ;

: n,/d, and n,/d, path
3/d, | intersection time
(Farey-Sum)

1/d,

Coordinate ¢

_1/4

[Lester. R. Ford, Am. Math. Monthly 45,586(1938)

0

1/2

(units of 27)

[John Farey, Phil. Mag.(1816)]
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http://www.cimat.mx/~gil/docencia/2008/elementales/circulos_ford.pdf
http://www.cimat.mx/~gil/docencia/2008/elementales/circulos_ford.pdf
http://www.uark.edu/ua/modphys/pdfs/QTCA_Pdfs/QTCA_PapersNTalks/MorseRevivals5.31.pdf
http://www.uark.edu/ua/modphys/pdfs/QTCA_Pdfs/QTCA_PapersNTalks/MorseRevivals5.31.pdf

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

Unit Real Interval % Farey Sum

"N\
&
— S

el P P2 PR P PSP PT P P20 related to
o] vector sum
= 18
A 14 and
@ = Ford Circles
gé } 1/1-circle has
o diameter /
& |
S
=8
S -
Q ]
N
Q =
Q
-
o
- Farey-Sum of fractions 0/1 and 1/1 1s 12
= .
| hat 1s vector sum vot+v;= (1,2)=v>
-
v,~(0,1)
=y AA0 Numerator Axis N

[Li, Harter, Chem.Phys.Letters (2015)]
30020 -1 1 2 3 4 6 7 8 9 I 12 13 14 16 17 18 19

Monday, September 5, 2016 74



Unit Real Interval % Farey Sum

"N\
&
— S

o P P2 P3P P P P PR PP D
e | related to
o] vector sum
= 18
N anq
=g Ford Circles
gé } 1/1-circle has
S diameter /
S 7
S s
'§ Z_Z 12
S wg l This vector v
¥ = points to real value
Qo
N 1/2=0.5
= 8
7
<6
- Farey-Sum of fractions 0/1 and 1/1 1s 12
= .
- : hat is vector sum vo+v;= (1,2)=v;
S
v,~(0,1)
=y 401 Numerator Axis N
[Li, Harter, Chem.Phys.Letters (2015)]
-3 -2 -1 1 2 3 4 6 7 8 9 11 12 13 14 16 17 18 19
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Unit Real Interval % Farey Sum

"N\
&
— S

W T U S A A LS ST - T A A S
e | related to
o] vector sum
= 18
A 14 and
iy Ford Circles
= , . . 1/1-circle h
= vgcircle radiusintersectin Joneie A
N S 14 . diameter /
S > ling
S 13
§ <= 12
S wg 1 This vector v
3‘1 points to real value
_a 9 —d
= 8
g
<6
- Farey-Sum of fractions 0/1 and 1/1 1s 12
= .
) : hat is vector sum vot+v; = (1,2)=v;
=P
v,~(0,1)
=y 20 Numerator Axis N
[Li, Harter, Chem.Phys.Letters (2015)]
-3 -2 -1 1 2 3 4 6 7 8 9 11 12 13 14 16 17 18 19
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Unit Real Interval

0
(a) 1 Farey Sum
IPEL ENEDEPSS DRI 2 T L AT A A L AT LA L T L
e | related to
o] vector sum
= 18
A 14 \\ and
iy “ Ford Circles
= , . . 1/1-circle h
=« vgcircle radiusinfersectin Comee s
N S 14 . diameter /
S 2 line ,
3 .,.: 13 ¢ o o 4 o o //®@ o—e\ |/ ¢ ® & e o "eW""¥
§ = 12
S L This vector v>
3‘1 points to real value
<] 1/2=0.5]
= 8
7
<6
- Farey-Sum of fractions 0/1 and 1/1 1s 12
= .
1 hat is vector sum vo+v; = (1,2)=v;
=3P
v,~(0,1)
=y A0 Numerator Axis N
[Li, Harter, Chem.Phys.Letters (2015)]
-3 -2 -1 1 2 3 4 6 7 8 9 11 12 13 14 16 17 18 19
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Unit Real Interval

0
(@) 1 - Farey Sum
IPEL ENEDEPSS DRI 2 T L AT A A L AT LA L T L
e | related to
o] vector sum
= 18
A 14 \\ and
=g “ Ford Circles
= , . . 1/1-circle h
= vpcircle radiusinfersectin Jemreie s
N S 14 . : diameter /
S . 2 ling .center ;
S of v2 Ford !/>-Circle
§ L This vector v
3‘1 points to real value
<] 172=0.5
= 8
7
<6
- Farey-Sum of fractions 0/1 and 1/1 1s 12
= .
- : hat is vector sum vo+v; = (1,2)=v;
=3P
v,~(0,1)
=y A0 Numerator Axis N
[Li, Harter, Chem.Phys.Letters (2015)]
-3 -2 -1 1 2 3 4 6 7 8 9 11 12 13 14 16 17 18 19
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Unit Real Interval

(a) 1 T Farey Sum
ol PP PP P P P PR PR
e | related to
o] vector sum
= 18
A 3 and
=g Ford Circles
= : : . 1/1-circle has
‘5 - Vo circle radiusi ersecti | diameter ]
s 2 ling .center ;
S of v2 Ford !/>-Circle
§ - This vector v
V= points to real value
Qo
. 1/2=0.5 |
== 8
iy
<16
- Farey-Sum of fractions 0/1 and 1/1 1s 12
mh hat 1s vector sum vot+v;= (1,2)=v>
3
=P
v,~(0,1)
- , V

Nu

9

merator Axis N

1T 12 13 14

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

16 17 18 19
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Unit Real Interval

0
(a) 7 1 Farey Sum
s NI DI 1 T N B L S D L &
A related to
ol ’ \ vector sum
= 18
A 14 N and
iy “ Ford Circles
= . . , 1/1-circle h
< vpcircle radiusintersectin Jemreie s
N S 14 . : diameter /
S . 2 ling .center ;
S of v2 Ford !/>-Circle
§ L This vector v
3‘1 points to real value
<] 172=0.5
= 8
7
<6
- Farey-Sum of fractions 0/1 and 1/1 1s 12
= .
- : hat is vector sum vo+v; = (1,2)=v;
=3P
v,~(0,1)
=y A0 Numerator Axis N
[Li, Harter, Chem.Phys.Letters (2015)]
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(b)
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Numerator Axis N
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Farey Sum
related to
vector sum

and
Ford Circles

1/1-circle has
diameter /

1/2-circle has
diameter 1/2?=1/4

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

1'1'11 L 1

— 1O

Unit Real Interval % Farey Sum
1.

P, Po  P7 PB PP relatedt()

vector sum

and
Ford Circles

1
/ 1/2-circle has

diameter 1/2?=1/4

1/3-circles have
diameter 1/3°=1/9

Denominator Axis D \‘
| ||0'|2| | IO%| | pf“ | p§| | p|6| | |0|7| | |0|8| | |09| |

=V Numerator Axis N

[Li, Harter, Chem.Phys.Letters (2015)]
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=
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%

Unit'Real Interval % Farey Sum
S R YA & N S related to
vector sum
and
Ford Circles
1

1
/ 1/2-circle has

diameter 1/2?=1/4

1/3-circles have
diameter 1/3°=1/9

|

n/d-circles have
diameter 1/d?

|

Numerator Axis N

9

10

[Li, Harter, Chem.Phys.Letters (2015)]
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(d) % l—ﬂolég %1_21%2 311_31%10 % 2 i % Unit'Real Interval % Farey Sum
el i e L bs s ps. p7. ps. ps. o related to
/_-1—__ =e ()@ 4"‘""' L O«Q’.’A
1w S /Y vector sum
= | and
C:l 06: by
o Ford Circles
‘3;? B
Lo
S ) 1/2-circle has
g =3 diameter //2?=1/4
S -
§ . 1/3-circles have
V= S di 1/32=1/9
Q i 5 5 5 lameter //34<=
N ;
=3 4 5 6
- ' 5 ' 71 n/d-circles have
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z
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v,=(0,1)

NumeratOI” AXZS N [Li, Harter, Chem.Phys.Letters (2015)]
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Thales
t  Rectangles
0 1] provide
(1) | ; ‘ analytic geometry
.2 2 2| of
5 ; 3l ¢ fractal structure
: | I
y & T :
o o lob beb 3|
~ 04 | + 5 5+ 5 «5 5 5|4
/. 0NL 2 3 4 3 6]
6 6. 6 6 6 6 6
) ) 01 374 576 7]
7 7 17 7 7 T 7|
02 y 1 2 3 S 6+71 8 ¢
B\8 & 8 8 8 8 8 8
[V_(l)_=(0,1)] + + + +
Numerator Axis
y 2 3 C !
)t - ———————
' '0 0°4 X 0'6 0‘8 100 [Li, Harter, Chem.Phys.Letters (2015)]
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7 “Quantized”

’ Thales

Rectangles

provide
analytic geometry

of
fractal structure
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0 701

~
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Numerator Axis

2
02 04 X 06

[Li, Harter, Chem.Phys.Letters (2015)]
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(Quantim, computer’ simulation
hat makes an &-ly deep "3D-Magic-Eye’/pictiwe
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Geometric “Integration” (Converting Velocity data to Spacetime)
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(b) Usingm » arc Q Draw extended
(@) Draw my:m ; box copy my:m j box (2my:mytm,)
in 1st quadrant \ K uy into /2nd quadmnt\ \ box ,
V) &N
» ycom X ycom
[ Vi al Vy
m M
(¢) Locate M\ START M\ START
center of N
extended box v
and draw arc 2
from its t \m ] \m )i
to top of mj /
m) "2,
/// m2 ///

myim | box. \
This locdtes
m 2.'\/m  slope.

7/
COM \
a o\

/

7/ \ \

COM-ellipse

(d) Projections from vcOM
to \/mZ.'\/m] line

give COM-ellipse radii "~ _

aCOM gnd HCOM N
/|
V ] o
Vs N
N\
N
N\
\
it ¢
_____ 3 wWIART
s \
(e) Projections from VSTART my "
to \m~Nm ; line
2 /
give START-ellipse radzza START

aSTART and bSm RT

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>).)

Monday, September 5, 2016

89



