
Improving STEM Teaching and Learning

Finding spectacular and interesting examples 
…and simpler models to explain how they work 

Deriving the simplest collision theory (By ruler&compass geometry) 
Galileo’s relativity (an approximation) 
Project Ball and problems with selling superball missiles to Whammo Co. 

Having fun with examples by stretching theory to its limits 
The Astroblaster  (Superball towers and connection to Supernovae and toothpaste) 
The Monster Mash  (Crushing a bouncing particle) 
The Tiny-Big-Bang (Watching Bohr wave-packet blow up …and down) 

Showing cultural and historical connection to examples 
The Trebuchet (and how we owe almost everything to its mechanics) 

Unifying Relativity with Quantum Theory (Why a Men In Black candidate shot little Suzy) 
If 2-ball-collisions give Classical Mechanics, what do 2-laser-beam collisions give? 

Lasers make relativistic (Minkowski) space-time (x,ct)-coordinates and (ω,ck), too   

…and how not to add fractions on the Titanic
…(Farey’s sum & Ford’s circles)

William G. Harter and Tyle Reimer 
Sponsored by Al Calabrese
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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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Bang(2)12
END (0.77,2.1)

Bang(3)23
END (0.54,3.62)

100
30

30
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m3= 10
m2= 30
m1=100

Unit 1 
Fig. 8.1b 

Independent Bang Model 
(IBM) 

3-Body Geometry

BounceIt Simulation: 3-Ball Tower w/ Linear Force

BounceIt Simulation: 
3-Ball Tower 

w/ Quartic Force

http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=2177
http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=2176
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Unit 1 
Fig. 8.2a-b 

4-Body IBM Geometry 
Fig. 8.2c-d 

4-Equal-Body Geometry 

4-Equal-Body  
“Shockwave” or pulse wave 

Dynamics 

Opposite of continuous wave dynamics 
introduced in Unit 2

BounceIt Simulation: 4-Ball Tower w/ mk/mk+1 = 3

BounceIt Simulation: 4-Ball Tower w/ mk/mk+1 = 1

http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=3106
http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=3107
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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 

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


Quote
• "I was always enamored with explosives, and eventually I graduated to dynamite and then nuclear bombs."

..an amusing off-color aside 
story of Stirling Colgate’s NMIMT resignation... 

(Not told in Wikipedia!)



1st publication describing theory and experiment of this device 20 years before.

(class of WGH)

(Point allowing patent over previous 1973 proposal (4))

(Now I have to pay 
APS for my own paper.)
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Unit 1 
Fig. 6.4

The Classical 
“Monster Mash” 

Classical introduction to 

Heisenberg “Uncertainty” Relations

 

v2 =
const.
Y

   or:    Y ⋅v2 = const.

is analogous to:   Δx ⋅ Δp = N ⋅!

* Link to BounceIt “Monster Mash” x2(t) animation  
(Note: Time sense is inverted)

http://www.uark.edu/ua/modphys/markup/BounceItWeb.html?scenario=3004


* Link to BounceIt “Monster Mash” Vx2 vs x2 animation  

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

..then here….

time 
t=0.29Tmax

t=0.25Tmax

t=0.20Tmax

t=0.10Tmax

φ=0

φ=0

φ=±π

φ=+πφ=-π

WaveIt Web simulation http://www.uark.edu/ua/modphys/markup/WaveItWeb.html?scenario=Quantum%20Carpet

http://www.uark.edu/ua/modphys/pdfs/GTQM_Pdfs/GTQM_Lectures_2017/GrpThLect_14_03.02.17.pdf

http://www.uark.edu/ua/modphys/markup/WaveItWeb.html?scenario=Quantum%20Carpet
http://www.uark.edu/ua/modphys/pdfs/GTQM_Pdfs/GTQM_Lectures_2017/GrpThLect_14_03.02.17.pdf


Finding spectacular and interesting examples 
…and simpler models to explain how they work 

Deriving the simplest collision theory (By ruler&compass geometry) 
Galileo’s relativity (an approximation) 
Project Ball and problems with selling superball missiles to Whammo Co. 

Having fun with examples by stretching theory to its limits 
The Astroblaster  (Superball towers and connection to Supernovae and toothpaste) 
The Monster Mash  (Crushing a bouncing particle) 
The Tiny-Big-Bang (Watching Bohr wave-packet blow up …and down) 

Showing cultural and historical connection to examples 
The Trebuchet (and how we owe almost everything to its mechanics) 

Unifying Relativity with Quantum Theory (Why a Men In Black candidate shot little Suzy) 
If 2-ball-collisions give Classical Mechanics, what do 2-laser-beam collisions give? 

Lasers make relativistic (Minkowski) space-time (x,ct)-coordinates and (ω,ck), too   

…and how not to add fractions on the Titanic
(Farey’s sum & Ford’s circles)



0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

20 3 4 51 7 8 9 106 12 13 14 1511 17 18 19 2016-1-2-3

1
1

v1=(1,1)
v0=(0,1)

(a) 0
1

Numerator Axis N

D
en
om
in
at
or
Ax
is
D

Unit Real Interval Farey Sum 
related to 

vector sum
and

Ford Circles
1/1-circle has

diameter 1

v2=(1,2)=v0+v1

Farey-Sum of fractions 0/1 and 1/1 is 1/2   
         That is vector sum v0+v1 = (1,2) = v2

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



0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

20 3 4 51 7 8 9 106 12 13 14 1511 17 18 19 2016-1-2-3

1
1

v1=(1,1)
v0=(0,1)

(a) 0
1

Numerator Axis N

D
en
om
in
at
or
Ax
is
D

Unit Real Interval Farey Sum 
related to 

vector sum
and

Ford Circles
1/1-circle has

diameter 1

v2=(1,2)=v0+v1

Farey-Sum of fractions 0/1 and 1/1 is 1/2   
         That is vector sum v0+v1 = (1,2) = v2

                          This vector v2  

           points to real value  
1/2 =0.5 

v0 circle radius intersecting 
                           v2 line      ...points to center 
                                                          of v2 Ford 1/2-Circle

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



0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

20 3 4 51 7 8 9 106 12 13 14 1511 17 18 19 2016-1-2-3

1
2

1
3

1
1

v1=(1,1)
v0=(0,1)

(c) 0
1

v1/2=(1,2)
v1/3=(1,3)

Numerator Axis N

D
en
om
in
at
or
Ax
is
D

Unit Real Interval

1
2

1
1

0
1

1
3

2
3

Farey-Sum Tree

Farey Sum 
related to 

vector sum
and

Ford Circles

1/2-circle has
diameter 1/22=1/4

1/3-circles have
diameter 1/32=1/9

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



2 
4

2 
6

3 
6

4 
6

0 
8

1 
8

2 
8

3 
8

4 
8

5 
8

6 
8

7 
8

8 
8

Thales 
Rectangles

provide
analytic geometry

of 
fractal structure

[Li, Harter, Chem.Phys.Letters (2015)]
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http://www.uark.edu/ua/modphys/pdfs/GTQM_Pdfs/GTQM_Lectures_2017/GrpThLect_14_03.02.17.pdf


Finding spectacular and interesting examples 
…and simpler models to explain how they work 

Deriving the simplest collision theory (By ruler&compass geometry) 
Galileo’s relativity (an approximation) 
Project Ball and problems with selling superball missiles to Whammo Co. 

Having fun with examples by stretching theory to its limits 
The Astroblaster  (Superball towers and connection to Supernovae and toothpaste) 
The Monster Mash  (Crushing a bouncing particle) 
The Tiny-Big-Bang (Watching Bohr wave-packet blow up …and down) 

Showing cultural and historical connection to examples 
The Trebuchet (and how we owe almost everything to its mechanics) 

Unifying Relativity with Quantum Theory (Why a Men In Black candidate shot little Suzy) 
If 2-ball-collisions give Classical Mechanics, what do 2-laser-beam collisions give? 

Lasers make relativistic (Minkowski) space-time (x,ct)-coordinates and (ω,ck), too   

…and how not to add fractions on the Titanic
(Farey’s sum & Ford’s circles)



Chapter 1. The Trebuchet: A dream problem for Galileo? 

θ
φ rb

l

m M
R

Fig. 2.1.1 An elementary ground-fixed trebuchet Trebuchet simulator

(a) What Galileo Might

Have Tried to Solve
(b) What Galileo Did Solve

Fig. 2.1.2 Galileo's (supposed) problem

(Simple pendulum dynamics)

http://www.uark.edu/ua/modphys/markup/TrebuchetWeb.html

http://www.uark.edu/ua/modphys/markup/TrebuchetWeb.html
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L F
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to velocity v
so v increases
rapidly.
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v
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L

Trebuchet analogy with racquet swing - What we learn
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Center-of-mass for semi-rigid
arm-racquet system L is "cocked."

Energy Input
Most of speed gained early
by arm-racquet system L.

rb r b r b

L
Follow-Through
Arm-racquet system
L flies nearly freely.

Small applied forces
mostly for steering.

Ball hit occurs.

Force F nearly
perpendicular
to velocity v
so v increases
very little. 70

60
50

4010

v =80 mph

0

F



An Opposite to Trebuchet Mechanics- The “Flinger”

F

Not much

increase in

velocity vDriving

Force

:Gravity

F v

Maximum

increase in

velocity v
just before

m slides off

end

Later on
(Last-minute “cram” for energy)

Early on
(Not much happening)

Anti-analogy can be useful pedagogy

l

rb
lTrebuchet-like experiment Flinger experiment

rb

α

skateboard wheel
slides on pool que-stick

skateboard wheel swings
Generic URL - http://www.uark.edu/ua/modphys/markup/TrebuchetWeb.html

Web Simulation: Trebuchet - "Flinger"

http://www.uark.edu/ua/modphys/markup/TrebuchetWeb.html
http://www.uark.edu/ua/modphys/markup/TrebuchetWeb.html?scenario=AnimateFlinger
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vrotation
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rb = 2 , l= 1( ), rb = 1.5 , l= 1.5( ), rb = 1 , l= 2( )

(compare)
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 Men In Black candidate shot little Suzy

Bad Suzy! 
Relativity and Quantum Theory  
need to be unified in one book 
half the size of those old tomes! 

It’s called Relawavity.
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http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-130022
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Three scenarios that look the same to Bob

SOURCESOURCE SOURCESOURCE

Alice’s laser
stationary
tuned up to
υΑ=1200THz

Carla’s laser
stationary
tuned down to
υΑ=300THz
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stationary
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moving left at u= -3c/5
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stationary
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stationary
tuned to
υΑ=600THz

Bob
stationary

Carla’s laser
moving right
at u=3c/5
tuned to
υΑ=600THz

Much cheaper to do the 3rd scenario!$!

Alice’s beam 
 is 1200THz

Carla’s beam 
 is 300THz

Alice’s beam 
 is 1200THz

Carla’s beam 
 is 300THz

Alice’s beam 
 is 1200THz

Carla’s beam 
 is 300THz
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Fig. 10 in text    
Relawavity...

BohrIt Web Simulation 
 2 CW Minkowski  Plot  

(ck = -1, +4)

http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-30104&xPhasorFactor=0.5
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RelaWavity Web Simulation - 16 Relativity Dimensions

http://www.uark.edu/ua/modphys/devel/markup/RelaWavityWeb.html?plotType=8%7C3
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Review of Lect. 30 p.106

RelaWavity Web Simulation - Relativistic Terms 
(Expanded Table)

http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=8%7C7


RelativIt Web Simulation - Relativistic Events in 
Main Lighthouse’s Space-Time Frame

RelativIt Web Simulation - Relativistic Events in 
Ship’s Space-Time Frame

http://www.uark.edu/ua/modphys/markup/RelativItWeb.html?scenario=22
http://www.uark.edu/ua/modphys/markup/RelativItWeb.html?scenario=24


Finding spectacular and interesting examples 
…and simpler models to explain how they work 

Deriving the simplest collision theory (By ruler&compass geometry) 
Galileo’s relativity (an approximation) 
Project Ball and problems with selling superball missiles to Whammo Co. 

Having fun with examples by stretching theory to its limits 
The Astroblaster  (Superball towers and connection to Supernovae and toothpaste) 
The Monster Mash  (Crushing a bouncing particle) 
The Tiny-Big-Bang (Watching Bohr wave-packet blow up …and down) 

Showing cultural and historical connection to examples 
The Trebuchet (and how we owe almost everything to its mechanics) 

Unifying Relativity with Quantum Theory (Why a Men In Black candidate shot little Suzy) 
If 2-ball-collisions give Classical Mechanics, what do 2-laser-beam collisions give? 

Lasers make relativistic (Minkowski) space-time (x,ct)-coordinates and (ω,ck), too   

…and how not to add fractions on the Titanic
(Farey’s sum & Ford’s circles)

All this physics of relativity 
is mostly simple trigonometry 
of optical wave interference!   

And, it derives fundamentals 
of quantum theory, too!



Trigonometric road maps

All this physics of relativity 
is mostly simple trigonometry 
of optical wave interference!   

And, it derives fundamentals 
of quantum theory, too!

RelaWavity Web Simulation 
Relations between 

Hypergeometric and 
Hypergeometric functions

http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&taLinesInd=2&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0&labelingInd=3
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Trigonometric road maps

All this physics of relativity 
is mostly simple trigonometry 
of optical wave interference!   

And, it derives fundamentals 
of quantum theory, too!

RelaWavity Web Simulation 
Relations between 

Hypergeometric and 
Hypergeometric functions

http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&taLinesInd=2&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0&labelingInd=3
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Trigonometric road maps
Need to see how 
trig road maps 
match the 
physical maps 
on next 2 pages.   

RelaWavity Web Simulation 
Relations between 

Hypergeometric and 
Hypergeometric functions

All this physics of relativity 
is mostly simple trigonometry 
of optical wave interference!   

And, it derives fundamentals 
of quantum theory, too!

http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=0%7C9&taLinesInd=2&ctLinesInd=2&refSquareInd=-1&fontScale=2&showInstructions=0&labelingInd=3


Trigonometric road maps Energy (E)

c-momentum (cp)

P

R

R
S G

B

All this physics of relativity 
is mostly simple trigonometry 
of optical wave interference!   

And, it derives fundamentals 
of quantum theory, too! RelaWavity Web Simulation  

{Physical Terms - All Terms}

http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=4%7C8



