
Lecture  5 
Revised 12.21.12 from 9.04.2012

 Dynamics of Potentials and Force Fields
(Ch. 7 and Ch. 8 of Unit 1)

Potential energy geometry of Superballs and related things 
Thales geometry and “Sagittal approximation”
Geometry and dynamics of single ball bounce

Examples: (a) Constant force (like kidee pool) (b) Linear force (like balloon)
Some physics of dare-devil-divers

Non-linear force (like superball-floor or ball-bearing-anvil)
Geometry and dynamics of 2-ball bounce (again with feeling)

The parable of RumpCo. vs CrapCorp.
The story of USC pre-meds visiting Whammo Manufacturing Co.

Geometry and dynamics of 3-ball bounce
A story of Stirling Colgate (Palmolive) and core-collapse supernovae
The story of USC pre-meds visiting Whammo Manufacturing Co.
Other bangings-on: The western buckboard and Newton’s balls

Crunch energy geometry of freeway crashes and related things
Crunch energy played backwards: This really is “Rocket-Science”

A Thales construction for momentum-energy

Lecture 5 ends here
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Potential energy geometry of Superballs and related things 
Thales geometry and “Sagittal approximation”
Geometry and dynamics of single ball bounce

Examples: (a) Constant force (like kidee pool) (b) Linear force (like balloon)
Some physics of dare-devil-divers

Non-linear force (like superball-floor or ball-bearing-anvil)
Geometry and dynamics of 2-ball bounce (again with feeling)

The parable of RumpCo. vs CrapCorp.
The story of USC pre-meds visiting Whammo Manufacturing Co.

Geometry and dynamics of 3-ball bounce
A story of Stirling Colgate (Palmolive) and core-collapse supernovae
The story of USC pre-meds visiting Whammo Manufacturing Co.
Other bangings-on: The western buckboard and Newton’s balls
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x 2R - x

R

r

(a) (b)

r = x 2R − x)( )     ≈ 2Rx    for :   x << R( )    
Thales' geometry and "Sagittal†" approx.

† "bow"

Unit 1
Fig. 7.1
(modified)

Potential Energy Geometry of Superballs and Related things 

Fballoon (x) =  P ⋅A =  P ⋅πr2  ≈  2πPRx 

F(x) = ?

If superball was a balloon its bounce force law would be linear F=-k·x (Hooke Law)
(Pressure)
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Potential Energy Geometry of Superballs and Related things 

Fballoon (x) =  P ⋅A =  P ⋅πr2  ≈  2πPRx 

F(x) = ?

If superball was a balloon its bounce force law would be linear F=-k·x (Hooke Law)

Volume(X) = πr2 dx0
X∫ = πx 2R − x( )dx0

X∫ = 2Rπxdx0
X∫ − πx2 dx0

X∫ = RπX2 − πX 3

3
≈

RπX2    for :X << R( )
4
3
πR3    for :X = 2R( )

⎧

⎨
⎪

⎩
⎪

Instead superball force law depends on bulk volume modulus and is non-linear F~ xp? +? (Power Law?)

(Pressure)

It also depends on velocity       . Adiabatic differs from Isothermal as shown by “Project-Ball*” 

* Am. J. Phys. 39, 656 (1971)

 
x=dx
dt

4Friday, December 21, 2012



Potential energy geometry of Superballs and related things 
Thales geometry and “Sagittal approximation”
Geometry and dynamics of single ball bounce       (See Simulation)

Examples: (a) Constant force (like kidee pool) (b) Linear force (like balloon)
Some physics of dare-devil-divers

Non-linear force (like superball-floor or ball-bearing-anvil)
Geometry and dynamics of 2-ball bounce (again with feeling)

The parable of RumpCo. vs CrapCorp.
The story of USC pre-meds visiting Whammo Manufacturing Co.

Geometry and dynamics of 3-ball bounce
A story of Stirling Colgate (Palmolive) and core-collapse supernovae
The story of USC pre-meds visiting Whammo Manufacturing Co.
Other bangings-on: The western buckboard and Newton’s balls

 

5Friday, December 21, 2012



  

Total energy
E=mgh

Height h

Height h

Force is
weight mg

only

mg

Force is
weight mg

only

Total potential
energy curve
U(x) +mgY

Total Force
 curve

F(x) +mg

(a)  Drop height
(Zero kinetic energy)

  

Total energy E
Kinetic
 energy

KE

Equilibrium
penetration

xstatic

Force is
 zero

Total potential
energy curve
U(x) +mgY

Floor force
balances

weight mg

penetration xstatic

(b) Maximum kinetic energy
(Zero total force)

  

Total energy E

Maximum
penetration

xmax

Maximum
Force

F(xmax )

Force is
 maximuForce is

 maximu

maximum   penetration
xmax

(c) Maximum penetration
(Zero kinetic energy again)

Unit 1
Fig. 7.2

6Friday, December 21, 2012



(See Simulation)
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Floor Force is
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Fig. 7.5

  
F(x) = − dU (x)

dx
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  Work =W = F(x)dx∫ = Energy acquired = Area of F(x) = −U (x)
  
F(x) = − dU (x)

dx
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Utotal(y)=-Mgx+Uball(y)
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  Work =W = F(x)dx∫ = Energy acquired = Area of F(x) = −U (x)
  
F(x) = − dU (x)

dx

� 

Impulse = P = F (t)dt∫ = Momentum acquired = Area of F(t) = P( t)

� 

F(t) =
dP(t)
dt
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Potential energy geometry of Superballs and related things 
Thales geometry and “Sagittal approximation”
Geometry and dynamics of single ball bounce

Examples: (a) Constant force (like kidee pool) (b) Linear force (like balloon)
Some physics of dare-devil-divers

Non-linear force (like superball-floor or ball-bearing-anvil)
Geometry and dynamics of 2-ball bounce (again with feeling)

The parable of RumpCo. vs CrapCorp.
The story of USC pre-meds visiting Whammo Manufacturing Co.

Geometry and dynamics of 3-ball bounce
A story of Stirling Colgate (Palmolive) and core-collapse supernovae
The story of USC pre-meds visiting Whammo Manufacturing Co.
Other bangings-on: The western buckboard and Newton’s balls
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Unit 1
Fig. 7.3
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Potential energy geometry of Superballs and related things 
Thales geometry and “Sagittal approximation”
Geometry and dynamics of single ball bounce

Examples: (a) Constant force (like kidee pool) (b) Linear force (like balloon)
Some physics of dare-devil-divers

Non-linear force (like superball-floor or ball-bearing-anvil)
Geometry and dynamics of 2-ball bounce (again with feeling)

The parable of RumpCo. vs CrapCorp.
The story of USC pre-meds visiting Whammo Manufacturing Co.

Geometry and dynamics of 3-ball bounce
A story of Stirling Colgate (Palmolive) and core-collapse supernovae
The story of USC pre-meds visiting Whammo Manufacturing Co.
Other bangings-on: The western buckboard and Newton’s balls

 

(See Simulation)
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Potential energy geometry of Superballs and related things 
Thales geometry and “Sagittal approximation”
Geometry and dynamics of single ball bounce

Examples: (a) Constant force (like kidee pool) (b) Linear force (like balloon)
Some physics of dare-devil-divers

Non-linear force (like superball-floor or ball-bearing-anvil)
Geometry and dynamics of 2-ball bounce (again with feeling)

The parable of RumpCo. vs CrapCorp.
The story of USC pre-meds visiting Whammo Manufacturing Co.

Geometry and dynamics of 3-ball bounce
A story of Stirling Colgate (Palmolive) and core-collapse supernovae
The story of USC pre-meds visiting Whammo Manufacturing Co.
Other bangings-on: The western buckboard and Newton’s balls
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  Work =W = F(x)dx∫ = Energy acquired = Area of F(x) = −U (x)
  
F(x) = − dU (x)

dx

� 

Impulse = P = F (t)dt∫ = Momentum acquired = Area of F(t) = P( t)

� 

F(t) =
dP(t)
dt

Important physics in 
this non-linear region!
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Potential energy geometry of Superballs and related things 
Thales geometry and “Sagittal approximation”
Geometry and dynamics of single ball bounce

Examples: (a) Constant force (like kidee pool) (b) Linear force (like balloon)
Some physics of dare-devil-divers

Non-linear force (like superball-floor or ball-bearing-anvil)
Geometry and dynamics of 2-ball bounce (again with feeling)

The parable of RumpCo. vs CrapCorp.
The story of USC pre-meds visiting Whammo Manufacturing Co.

Geometry and dynamics of 3-ball bounce
A story of Stirling Colgate (Palmolive) and core-collapse supernovae
The story of USC pre-meds visiting Whammo Manufacturing Co.
Other bangings-on: The western buckboard and Newton’s balls
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Potential energy geometry of Superballs and related things 
Thales geometry and “Sagittal approximation”
Geometry and dynamics of single ball bounce

Examples: (a) Constant force (like kidee pool) (b) Linear force (like balloon)
Some physics of dare-devil-divers

Non-linear force (like superball-floor or ball-bearing-anvil)
Geometry and dynamics of 2-ball bounce (again with feeling)

The parable of RumpCo. vs CrapCorp.
The story of USC pre-meds visiting Whammo Manufacturing Co.

Geometry and dynamics of 3-ball bounce
A story of Stirling Colgate (Palmolive) and core-collapse supernovae
Other bangings-on: The western buckboard and Newton’s balls
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(a) Quartic Force
F(y) = k y4
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(a) Quartic Force
F(y) = k y4

(b) Independent Collisions (Independent of Force Law)

(c) Linear Force
F(y) = k y
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Potential energy geometry of Superballs and related things 
Thales geometry and “Sagittal approximation”
Geometry and dynamics of single ball bounce

Examples: (a) Constant force (like kidee pool) (b) Linear force (like balloon)
Some physics of dare-devil-divers

Non-linear force (like superball-floor or ball-bearing-anvil)
Geometry and dynamics of 2-ball bounce (again with feeling)

The parable of RumpCo. vs CrapCorp.
The story of USC pre-meds visiting Whammo Manufacturing Co.

Geometry and dynamics of 3-ball bounce
A story of Stirling Colgate (Palmolive) and core-collapse supernovae
Other bangings-on: The western buckboard and Newton’s balls
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Source
http://hubblesite.org/newscenter/archive/releases/2007/10/image/a/

Author
NASA, ESA, P. Challis, and R. Kirshner (Harvard-Smithsonian Center for Astrophysics)

A story of Stirling Colgate (Palmolive) and core-collapse supernovae
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Source
http://hubblesite.org/newscenter/archive/releases/2007/10/image/a/

Author
NASA, ESA, P. Challis, and R. Kirshner (Harvard-Smithsonian Center for Astrophysics)

A story of Stirling Colgate (Palmolive) and core-collapse supernovae

30Friday, December 21, 2012

http://hubblesite.org/newscenter/archive/releases/2007/10/image/a/
http://hubblesite.org/newscenter/archive/releases/2007/10/image/a/


Potential energy geometry of Superballs and related things 
Thales geometry and “Sagittal approximation”
Geometry and dynamics of single ball bounce

Examples: (a) Constant force (like kidee pool) (b) Linear force (like balloon)
Some physics of dare-devil-divers

Non-linear force (like superball-floor or ball-bearing-anvil)
Geometry and dynamics of 2-ball bounce (again with feeling)

The parable of RumpCo. vs CrapCorp.
The story of USC pre-meds visiting Whammo Manufacturing Co.

Geometry and dynamics of 3-ball bounce
A story of Stirling Colgate (Palmolive) and core-collapse supernovae
Other bangings-on: The western buckboard and Newton’s balls
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Crunch energy geometry of freeway crashes and related things
Crunch energy played backwards: This really is “Rocket-Science”
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Crunch energy geometry of freeway crashes and related things
Crunch energy played backwards: This really is “Rocket-Science”
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Rocket Science!

m·Δv1+9m·ΔVM(1)=0

m·Δv2+8m·ΔVM(2)=0

m·Δv0+10m·ΔVM(0)=0 

m·Δv3+7m·ΔVM(3)=0
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m·Δv6+4m·ΔVM(6)=0

m·Δv7+3m·ΔVM(7)=0
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           0th: V(0)=1/10=0.1   1st: V(1)=1/10+1/9=0.211  2nd: V(2)=1/10+1/9+1/8=0.336
 3rd: V(3)=V(2)+1/7=0.478 4th: V(4)=V(3)+1/6=0.646 5th: V(5)=V(4)+1/5=0.846
 6th: V(6)=V(5)+1/4=1.096 7th: V(7)= V(6)+1/3=1.429 8th: V(8)=V(7)+1/2=1.929
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By calculus: M·ΔV=-ve·ΔM    or:                      Integrate:dV = −ve
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⎤
⎦The Rocket Equation:
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A Thales construction for momentum-energy
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