Kinetic Derivation of 1D Potentials and Force Fields
(Ch. 5 of Unit 1)

Review of (V1,V2)—(y1,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 analog of Heisenberg action relations
Example of very very large M, ball-wall(s) crushing a poor little m:
How does m> conserve action (AxAp or fp-dx) as its KE changes?
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Review of (V1,V2)—(y1,y2) relations
) [{igh mass ratio Mi/m> =49
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Geometric “Integration” (Converting Velocity data to Space-time trajectory)
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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
http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=1010
http://www.uark.edu/ua/modphys/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./y’
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Fig. 5.1
Unit 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 (m2 << my) rapidly (v2>>v;) bouncing ball
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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)
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Big mass-m; ball feeling “force-field” or “pressure”
of small (m2 << my) rapidly (v2>>v;) bouncing ball
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Double-Bang Sequences
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V> Double-Bang Sequences V)
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2
ID-Isothermal Force Law (assume V., is constant for all Y): |F = myv, _ const.
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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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At 2 Y Y "Double-Whammy"...
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AP 1 ’
F=—=(APz2m2v2)-( =z Y2 jzmzvz 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- e EVIT T
When m; collides with m; it adds twice its velocity (2v;) to v2. This occurs at “bang-rate” B=v>/2Y .
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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)
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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.
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AP |
F (AP 2m2V2) ( V2 j m2V2 Not a
At At 2Y

2 ...only a
m,v;  COnSt.

[ D-Isothermal Force Law (assume Vv, is constant forall Y): |F = — "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; 1t adds twice its velocity (2v;) to v2. This occurs at “bang-rate” B=v,/2Y .

iz =2v|B = 2v1 = —2d—YV—2 simplifies to: dvp __d¥

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
V2 Y Y Y

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

Y "Double-Whammy"...

const. véNY(t =0)

m, (VéNY(f = O))2 const.

[ D-Adiabatic Force Law (assume v varies: V) = = )AF = =
3 3
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r m (Vz Y, ) const. e e Low energy e gl High energy | | 'Double-Whammy"
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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)
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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;SIJ

(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=xdU

(a) Uncompressed 1 (b) Compressed A
Large Y-spac Y- :
(Large Y-space) Low energy (Small Y-space) High energy "Double-Whammy"
“Cool“ Hot
system
Gl 2
‘ | -
| Vo small | V) large
Small momentum transfer Big :momgntum transfe
—HY <@—"Low pressure* @i “Figh pressure
Vi > Y s Y
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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=xdU

Q?Another axiom?

(a) Uncompressed 1 (b) Compressed A
Large Y-spac Y- :
(Large Y-space) Low energy (Small Y-space) High energy "Double-Whammy"
“Cool“ Hot
system
Gl 2
‘ | -
| Vo small | V) large
Small momentum transfer Big :momgntum transfe
—HY <@—"Low pressure* @i “Figh pressure
Vi > Y s Y

Wednesday, February 17, 2016 23



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=xdU

Q?Another axiom? A: No.

(a) Uncompressed 1 (b) Compressed A
Large Y-spac Y- :
(Large Y-space) Low energy (Small Y-space) High energy "Double-Whammy"
“Cool“ Hot
system
Gl 2
‘ | -
| Vo small | V) large
Small momentum transfer Big :momgntum transfe
—HY <@—"Low pressure* @i “Figh pressure
Vi > Y s Y
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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(w;”'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
‘ | -
| ~&— |/) small ‘ Vy large
Small momentum transfer Big }momgntum transfe
—HY <@—"Low pressure” <—f- “High pressure "
Vi ) ( 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

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 vV
? 7 A Ay = . av =L . ap=(V-ap=[V. — m— —
Q?Another axiom? A: No. JF dY—Jdt dY—J 7 dp—jV dp—JV d(mV)=m 5 + const =
2
or else : d_Y:d_pV:d(mV)V:d(mV )/2:d (Hel‘e:V=V2)
dt dt dt dt dt

(a) Uncompressed 1 (b) Compressed A
‘Large Y-spac Y- ;
(Large Y-space) Low energy (Small Tespace) 1?1gh enersy "Double-Whammy"
“Cool*“ Hot
system
Gl 2
‘ | -
| ~&— |/) small ‘ Vy large
Small momentum transfer Big }momgntum transfe
—HY <@—"Low pressure* <—f- “High pressure "
Vi ) ( Y ‘ ( Y
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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"%:Emlvf+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
uey) uey)
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 For the

Y °
(OK, But, does it work?) Db Ny
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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"%:Emlvf+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
uey) uey)
FM™(Y)=-—

AT o

UphyS (Y) — _Jthys dY

Fmath (Y) — + d_U
dY

UY)=+|F" ay

' ; Y For the
(OK, But, does it work?) -
2 i )
F™ = m, (conit ) consistent Fos AU _ d lmz const. ) _ m, (conit )
Y with : AY dY 2 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)

Wednesday, February 17, 2016
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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 1Il(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

Wednesday, February 17, 2016
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Example of oscillator with opposing Isothermal potentials

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

mv, AU

s — _

Y AY

implies :

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

“High pressure

“Low pressure “_» ‘
x |
—
(Y+x) > | < (Y-x)
N .
Y Y

1 (b) Equilibrium x=0.: Balanced

o=

Medzum

Medlum pressure’

L

“Medium pressure “

_A_I_\

P
m,v,

COnst.

F =

Y

Y

Force

Ftotal

Utotal

Potential

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

Ftotal _

Yo+x Y,—x

Wednesday, February 17, 2016

U=-m,v; In(Y)

Fig. 5.3
Unit 1
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Example of oscillator with opposing Isothermal potentials
1 D-Isothermal Force Law (assume v> is constant for all Y):

2
phys __ m2V2 — AU . :
F = v = - E implies :
1 (a) Off center x>0: Negative ‘:estoring force d
Hot
“Low pressure “_> “High pressure“
x | '
(Y+X) )l( (Y:)C)

Y

1 (b) Equilibrium x=0.: Balanced

o=

Medlum

Medmm pressure’

Y

“Medium pressure “

F =

P
m,v,

const.

Y

Y

Force

Ftotal

Utotal

Potential

Two opposmg ]D-]Sothermal Force
St

fi elds

U=-m,v; In(Y)

Fig. 5.3
Unit 1

Ftotal:
Yo+x Y, —x
(Y, +x)'= Y, =xV 24+x’Y =x°Y
1 (2 D20
(YQ _I_x)n: Y0n+nYOn—1x+ n(n )Yon—Z x2+ n(n )(n )Yn_3 3+ n(n )(n )(l’l 3) Yn_4

Binomial Theorem

2-3

2.3-4
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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 “_»

(Y+x)

“High pressure“
> (¥ox) !

F =

P
m,v,

const.

Y

Y

Force

Ftotal

Utotal

Potential

Y Y

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

Medlum pressure !

Medzum

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)

Fig. 5.3
Unit 1

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

Wednesday, February 17, 2016
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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
Mot
2
Hi

thys = implies : U=—m2v§ hl(Y)

“Low pressure” gy, ‘ “‘_igh pressure” .
. N Fig. 5.3
! Y( x) > < (;V-x) \i Unit 1
Ftotal(x)
1 (b) Equilibrium x=0.: Balanced d
Medzum : - um " \<
Medmm pressure Medmm pSLS:uI”e x F0
Y !
Two opposmg ]D-]Sothermal Force fields
3 3
X x X 1 X
thotal= f . f f S— +... _f + 3+ 4.
Yo+x Y, —x Y, Y Y Y, Y, Y Y Y0
(Y, +x)'= Y, =xV 2 +x7Y ] =xY (Y, —x)'= Y, +xV 247V 7Y
n(n-1 n(n-1)(n-2 n(n-1)(n-2)(n-3
(YO _I_x)n: Yon_l_nYOn—lx + ( )Yon—z x2+ ( 2)(3 )Yon_3x3+ ( ;( 3 4)( )Yon—4 x4 o

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)

“Low pressure” gy, ‘ “‘_igh pressure” .
(V+x) > < (0 ! F(l]ilf .]3
B Y Y \iFtotal(x)
1 (b) Equilibrium x=0.: Balanced d
Medmm pressure Medlum pressure ! x F0
Two opposmg ]D-]Sothermal Force fi elds
2 3 3
X X X X X
thotal= f . f =f — 3__4_|_ _f +_2+ 3+_4_|_
Y,+x Y, —x Y Y] Y, Y]
(Y, +x)'= Y, =xV 2 +x7Y ] =xY (Y, —x)'= Y, +xV 247V 7Y
n(n-1 n(n-1)(n-2 n(n-1)(n-2)(n-3
(YO _I_x)n: YOn_I_nYOn—lx + ( )Yon—z x2+ ( 2)(3 )Yon_3x3+ ( ;( 3 4)( )Yon—4 x4 o

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
{ 2
“Low pressure* “High pressure .
. Fig. 5.3

Y+ | . .

N Sa > < Unit 1
Y Y \iFtotal(x)
1 (b) Equilibrium x=0.: Balanced d
Medlum wedmm : \ Anharmonic
oscillator
Medmm pressure Medlum pressure x §0 ) terms...
Harmonic
i oscillator
v
Two opposing ]D-]Sothermal Force fi elds approximate harmonic oscillator e m

ol S _ o A xz__ A r N S, Y A
Y Y—x_f{% Y(fXT +} D’{ XJ’ +} 2f 2f

(Y, +x)"'= Y, =xV 247V =xY (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

hs _ m,v, AU o [ 1 (Y
=—=-— implies . =-m,Vv, Il( )
Fig. 5.3

(a) Off center x>0: Negative ‘:estoring force Force |Potential
Q Utotal
Unit 1
\ 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 appmximate harmonic oscillator f

ferm

f X X’ X x7
Ftotal — . - _|_ +— +—t =2 f— D f——
Y, +x Y —X =/ % Y. N Y, C{QZ / Y,

Harmamc oscillator force constant : k=2 f/Y,=2m,v. /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
thys = % = —E implies : U=—m2v§ hl(Y)

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

“Low pressure* “High pressure .
. Fig. 5.3
(Y+x) ‘ (Y-x) .
ke > Unit 1

Y Y \iFtotal (x)

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

Wecﬁum 1 \< Anhal/'n/lOnic
oscillator
Medmm pressure ! x 70 . terms...

Harmonic l

Medzum

Medlum pressure

oscillator
term

L
Two opposing ]D-]Sothermal Force fi elds approxlmate 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 Oscillator Force
aUHO
© = —k°x = —
_ 0x Y,
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Example of oscillator with opposing Isothermal potentials >
m,v,  COnst.

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

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

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

s —

Force |Potential

Ftotal Utotal
HOZLU ’
“Low pressure u_» “High pressure“ .
A I Fig. 5.3
Y+ ‘ z .
N Sae > < Unit 1
Y Y \iFtotal(x)
1 (b) Equilibrium x=0.: Balanced d
Medlum wedwm || \< 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
HO:—k'x=—aU UH0=—k'x2=—jFH0dx
- dx J 2 Y,
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Example of oscillator with opposing Isothermal potentials -
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” gy, M‘ .
x Flg 5.3
Y+ > a :
i () >« Unit 1
Y Y \iFtotal(x)
1 (b) Equilibrium x=0.: Balanced d
Medlum wedmm / \ Anharm0nic
) oscillator
Medmm pressure Medmm pressure” x 10 . 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

O=—kx=- 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 £ = KE+PE = > mV?> + > kY?

E 1s same constant for any amplitude A of sine-oscillation where:

Y =Asinwt  with velocity V =Awcoswt

44



Wednesday, February 17, 2016

What does Harmonic mean?

1 1

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

2 2
E 1s same constant for any ampiitude ANof sine-oscillation where:
Y = Asin thw COS 1t

1
Because then: E = Em

1
(Aa) COS a)t)2 + 5 k(Asinwt)’

45
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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 ampiitude ANof sine-oscillation where:
Y = Asinwt<__ with velocity V =Awcoswt

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

1 1 :
== mw” A’ (cos a)t)2 + > kA® (sinwt)”
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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 ampiitude ANof sine-oscillation where:
Y = Asinwt<__ with velocity V =Awcoswt

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

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

1 . 2
:Ema)zA2 (0032 Wt + sin” a)t) if: mw? =k
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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 ampiitude ANof sine-oscillation where:
Y = Asinwt<__ with velocity V =Awcoswt

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

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

1 . 2
:Ema)zA2 (0032 Wt + sin” a)t) if: mw? =k

= lma)zA2 if: o= \/E
2 m
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|/ ST es 1288t

Y e YE¢s:i0i: E=39580595 - 1o oootipiniiidy

: oo deltaT = 001 @0 ooty

L6 _6 ER R LR ST (RN

PR o

S D s

m3 = 0.1 kg s V3= 208 mis _ : i

m2= 350Kkg
ml = 0.1 kg

2=-0156 m/s
= 186 m/s

Fig. 5.3
Unit 1

Simulation of

) 2 theadiabatic case

2 1 3 1 ) SRR SRR S I [ F AR
1 Il 11 l-]lhlil 1 I UL l_?'l‘jl 1 I:l I 1 IDljl L) |l L Illjl 1 ILI L) :‘: ‘: ; : : l:" : El : ‘ ‘: : :. is' : :) ‘: ‘ :l,- : 4: ; : : :.l : : I : : l.': : :l : §
~ O R R O A

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

Sample problem: Compute frequency and/or period

(Frequency h

k 2
HO £frequency: o=, |—= LR, Y
\_ m m Y Q J
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http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=20811
http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=20811

7 7 t— 128;’

Y ¥z Y565 (E=395 80595 : SRS,
: 4?1,‘%?‘._. 0 01, rnpiiaiifrioiniing

s V3= 208 mis
2 =-0156 m/s
— 186 m/s

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

Fig. 5.3
Unit 1

3 IEEREES Simulation of
- ‘25 T IR T I AN SO Rl DA ISR
2 20 s s o the adiabatic case

2,0, 17 1, o | PEE L e

N A PR et T il P il RN R RN SIS LIRS THER LR S LR R R RN
~ R R L

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

m,
2m, v,

Sample problem: Compute frequency and/or period 1 m
Period : tT=—=2m,|—=21

( Frequency

2
HO £frequency: @ \/ \/ LR, Y
\ m y
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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

m3 = 0.1 kg
m2= 350Kkg

ml = 0.1 kg

s V3= 208 mis
2 =-0156 m/s
— 186 m/s

t= 1288 i';’sé it

E 39 5 80595

LT aenar—_. 001 i i

N e

. . .o .4 .4 A4 . " . “ 4, - .
LY A

P R R I s
P I L I te ot A 4
. e * "t . et e, s . e LT

. vt s ) . “ %, s .

. LI R S . "o

. LR L T |

. o N e .

PR . S

e v . . . |

. N * I |

- - “ % = '

. . -

L S '

[ . R s e " PR Y
IR IR S I VI N I

] : | . |
T — T >

- - .o

B s Llen a '

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

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

Period: T=— —277:‘ / L P
2m2 v2

Period :

T =21

2m, v,

=17.38

Wednesday, February 17, 2016

m, Y, 73 50 3.5
2-(0.1) 20

Fig. 5.3
Unit 1

Simulation of

the adiabatic case

( Frequency

HO Xfrequency:
\

~

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

m3 = 0.1 kg

m2 =

50 kg

ml = 0.1 kg

s V3= 208 m/s
2=-0156 m/s
= 186 m/s

j'z' = 128;*‘%??5“;555';;%
L, Eodmmses 0
 dduT= 001 o

Fig. 5.3
Unit 1

N : . . HEY |
.l e B N A
E P N R N .
. . ; oo s .
N P Tt 2 . L e 4 - i, . ° .
A T BT o DR I e =1
L e Lo L : P v oz T E R
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O - . . L] P T ) B B H
22 0 % o e L e R “ %ot N O L Lo s e
. “ s = s & - % e e o s O~ = Lo Tee . . .
. .- N e . IR . LR .o H

giiininooiinoahe i the adiabatic case
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Bouncelt Superball Collision Web Simulator: 1:500.1 mass ratios (Small Amplitude)

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

Period :

T =21

Wednesday, February 17, 2016

m, Y, 50

Period: T=— —277:‘ / L P
2m2 v2

3.5

2m, v,

2-(0.1) 20
=17.38 That’s about \3 times too big! S

( Frequency
2
HO £frequency: @ \/ \/ LR, Y
m J
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http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=20811
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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 18 || = 2R ARD e g
ml =0.100 g [ V1=+01i+44.7603 [cm/s i NI == (4510 ‘—aﬂs
6 16
5.5 H5 5
-5 9
4.5 H4.p
—4
-3 N
L N
2.5 -
I =
%
1.5 15
i i Bouncelt Superball Collision Web Simulator:
-1 | 1:500:1 mass ratios (Large Amplitude)
0.5 IS
'2 -1.5 -11 -0.5 0.5 :!- 1.5 2 2.5 0.6 :!- 1.5 2 2 |5 ; 315 4 4{5 ? 5]5 )
IR TS TR TN SN SN Y TN N NN N TN SO SO SN TN T T | 111111111111111111111111" l1|1|1 L oy Wy f el AN I '11111111 11]1 e
y Max = © 7 1@
Initial x1 = 0.75 |@ yMin= - 0 ® Quasi-harmonic oscillation (m1:m2 = 100:1)
Max x PE plot = o 05 [ TMax= e 6 () Quasi-harmonic oscillation (m1:m2 = 50:1)
. Adiabatic force scenarios = - —
F-Vector scale = ™™ 0.003 7 V2y Max = O 3 ) Quasi-harmonic oscillation (m1:m2 = 25:1)
— — litud 1:m2 = 100:1
Error step = © 0.000 ) V2y Min = O EME Large amplitnde @ )
e
ml= "0 ] £ x10A =01 10 {g} Xlp=""0""]1 ) x10A ™0™ @ {cm} Vlp=""O0"""" 45 A x10A ™0™ 1@ {cm/s}
m2="""0"" 5 £ x10A =0 f{g} X2p="""0""135s 6 x10A ™0™ 5 1@ {cm} V2p="""0""1 G x10A =™ O™ ) {cm/s}
m3= "0} £ x10A =01 A {g} X3="0"Ts ) x10A ™0™ @ {cm} V3p=""""0" 45 ) x10A ™0™ 1" ) {cm/s}
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Bouncelt Superball Collision Web Simulator: 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 i il "I il
m2 = 50.000 g ‘-s.sv2=+0§+0.143jﬂczm/s | Ii |' " HD !u| |“ |
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Bouncelt Superball Collision Web Simulator: 1:500:1 mass ratios (Small Amplitude)
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“Monster Mash classical analog of Heisenberg action relations

Example of very very large M| ball-wall(s) crushing a poor little m>
=P [Jow does m; conserve action (AXAp or fp-dx) as its KE changes?
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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

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.

Space —>»
Fig. 5.4
. Unit 1
Time
¢ S R, ///.))
W4
== Bouncelt “Monster Mash” x2(t) animation
(Note: Time sense is inverted)
(a) Big space // \VyZ (b) Decreas.ing space || _\\ Vy2 (c) Small space %Vy
Low speed || Increasing speed {1 High speed (]|
B V2 I V. Y = const. N
al’lg (1)12 / N 1 y // \\
— .-'\_Y — Hr=—7)  Bawas NI
T I 1 — 1 1 ——— — ——
— ~ ‘ - - \\ ~ +1
N s ang (n
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V2=+0.0641i+05 cm/s Time =34.276 s
V1=-9.98e-41i+09 cm/s AT =+0.002 s

E = +2.54¢e-4 erg i
Force constant = +5000000.000
Force power = +6.000 ]
Drag (Collision) = +0

~0.5

._

31
NS
-

2.5
1 1

--0.5

Bouncelt “Monster Mash’ Vx> vs x> animation
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Double “Monster Mash’”

Realizes reflection symmetry of perfect wall bounces

vor=0

Vi=-1

p—

Wednesday, February 17, 2016
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Vy=- vo=+1
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Fig. 5.5
Unit 1

See Homework problem 1.6.2: Construct related spacetime case
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Double “Monster Mash’”

Realizes reflection symmetry of perfect wall bounces

Wednesday, February 17, 2016

V2=0 / B 2 ‘-‘
vz=20) /I v v2Y
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Fig. 5.5
Unit 1

See Homework problem 1.6.2: Construct related spacetime case
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Double “Monster Mash’”

Realizes reflection symmetry of perfect wall bounces
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vo=0 / 02
v2— Y i vy=0
Vo= vp=t1 ,
VI +7 V2 2 ’ V1='
| \ -
2NN
- h 2 \ g ==.
,L"”‘ =3 /3 \
- -3
._.._._"_'"u, j>< ] L
Fig. 5.5
Unit 1

See Homework problem 1.6.2: Construct related spacetime case
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Double “Monster Mash’”

Realizes reflection symmetry of perfect wall bounces

Wednesday, February 17, 2016

vo=0 /
Vo=t 1/1
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Fig. 5.5
Unit 1

Exercise 1.6.2: Construct similar spacetime case
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Geometry of reflection -v2'N— v !N followed by adding 2V to +v2N

(a) (b)
\ V=N Y, g
+VN N/ /
\ -/
V1=1 V1=1 V1 1
F lg 5.6 WFIN
d ’ 0
an +3 V=1 V=1 B V=l B V= B,
Fig. 5.7 +4 "
. +3
Unit I g Vivs.v; (©) 4 do A,
+1 geometry
0 4 f07'
; / Mi/mz>—00
; B B, B,

(a) Galilean shift by V=1I

T 0 (b) / Ji The Wall

N an

3
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