Many-body 1D collisions
Elastic examples: Western buckboard, Bouncing column, Newton s cradle
Inelastic examples: “Zig-zag geometry” of freeway crashes
Super-elastic examples: This really is “Rocket-Science”

Geometry of common power-law potentials

Geometric (Power) series

“Zig-Zag” exponential geometry

Projective or perspective geometry
Parabolic geometry of harmonic oscillator kr?/2 potential and -kr! force fields
Coulomb geometry of -1/r-potential and -1/r’-force fields

Compare mks units of Coulomb Electrostatic vs. Gravity
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§m’liai Velocities

Final Velocities

g . V3= -1 mfs s " m
g Vs -1 mfs .Yz = 0701l m
t 1= -1 mis Vi= 0298 m

Western buckboard = Disaster!
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Many-body 1D collisions
Elastic examples: Western buckboard, Bouncing column, Newton s cradle
Inelastic examples: “Zig-zag geometry” of freeway crashes
Super-elastic examples. This really is “Rocket-Science”
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Many-body 1D collisions
Elastic examples: Western buckboard, Bouncing column, Newton s cradle
Inelastic examples: “Zig-zag geometry” of freeway crashes

S 1per-elastic examples: This really is “Rocket-Science”
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Geometry of common power-law potentials

Geometric (Power) series
— “Zig-Zag” exponential geometry
Projective or perspective geometry
Parabolic geometry of harmonic oscillator kr’/2 potential and -kr! force fields
Coulomb geometry of -1/r-potential and -1/r’-force fields
Compare mks units of Coulomb Electrostatic vs. Gravity
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Geometry of common power-law potentials

Geometric (Power) series
“Zig-Zag” exponential geometry
===  Projective or perspective geometry
Parabolic geometry of harmonic oscillator kr’/2 potential and -kr! force fields
Coulomb geometry of -1/r-potential and -1/r’-force fields
Compare mks units of Coulomb Electrostatic vs. Gravity
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Geometry of common power-law potentials

Geometric (Power) series
“Zig-Zag” exponential geometry
Projective or perspective geometry
= Parabolic geometry of harmonic oscillator kr?/2 potential and -kr! force fields
Coulomb geometry of -1/r-potential and -1/r’-force fields
Compare mks units of Coulomb Electrostatic vs. Gravity
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Each y=x? parabola point found by just one “Zig-Zag”

. Pick an (x=?)-line 2. “Zig” from its y=x 3. “Zag” from origin
intersection to x=1 line  back to (x=7?)-line

V=X, Y=x Y=x_ |
g “Zag” line is y=(?)x
and hits (x=?)-line at

Y| OO

x:] x=1 x=1
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Each y=x? parabola point found by just one “Zig-Zag”

[. Pick an (x=?)-line

Y=,

x=1

Y=X,

2. “Zig” from its y=x
intersection to x=1 line

Unit 1
Fig. 9.1

=X

3. “Zag” from origin
back to (x=7?)-line

“Zag’ line is y=(?)x
and hits (x=?)-line at

=) ()=(?)"
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Each y=x? parabola point found by just one “Zig-Zag”

. Pick an (x=?)-line 2. “Zig” from its y=x

intersection to x=1 line

3. “Zag” from origin
back to (x=7?)-line

V=X, Y=X Y=x_ |
R “Zag’ line is y=(?)x
5y and hits (x=2?)-line at
- - " Ry V=) (2)=(?)
xE? ., X¥? . X7 ...}.?'.
x:] x=1 x=1

(a) Oscillatar potential U(x =x?

(b)Hooke-Law Force F(x) =-2x

F(-2.4) - F(2.4) 7? - | TR
| N (-1.0) | F(-1) =2
_ |
' L 7| F@_ U
- O R y/an i b F(-0.5) =1
| F(-2.0) y=4 U’(x) N
|
g F() =0
o _ - / :
| / ™
i -1.5) 0 -
\\ \\ \\
\ A7 U N
R8YY R e
Il ® s (+1125)
2 - 2 - x=0 1 2
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A more conventional parabolic geometry...(uses focal point)

(a) Parabolic Reflector y=x? (b) Parabolic geometry
S O Vertical
/ incoming
5 / ray
O y= () l
/% reflects
o A focus
y=4 f :
[ | Latus
\ | Distance = Distance roCtum
11 to | to
S o directrix Focus Y| 7\v
BN T W
T N | 2 A X 1A\2
I
|
: ||| “ N2 Directrix
| .
| I
— — I
| | |
L
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A more conventional parabolic geometry...

( a ) Parabolic Reflector y=x2

\.x\\\

- —— ==

A 1 A A N O A N A

(b)Parabolic geometry

Vertical
incoming
ray
reflects

focus
Latus
Distanlce = Distance M radivy
fo

directrix

- — — M-

Directrix

\

Better namet for A : latus radius

TOld term latus rectum is exclusive copyright of

X-Treme Roidrage Gyms

Ul’llt 1 Venice Beach, CA 90017
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...conventional parabolic geometry...carried to extremes...

| |
- (a) B |
| |
| B Parabola . Parabola |
|
|
| 4py =x2=2\y |
T 7 4
- \\\ /// —:3p
AN / l
— K — 2p
// h [
s/ \ |
______ ) /S ___p el p
// N ) P v\ —t p g v\ —t
/\ p/ 2 S X) S o
/] N I | L1 o
T x=s0 p. p 3p \?A p 2p 3p 4
p
T directrix Yy =-p Yy =P
tangent slope=-2 slope=1 tangent slope=-5/2 slope=1/2
Unit 1
Fig. 9.4
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Geometry of common power-law potentials

Geometric (Power) series
“Zig-Zag” exponential geometry
Projective or perspective geometry
Parabolic geometry of harmonic oscillator kr’/2 potential and -kr! force fields

=y Coulomb geometry of -1/r-potential and -1/r*-force fields
Compare mks units of Coulomb Electrostatic vs. Gravity
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_3 \

4= X
Step2 : Follow line from origin (0,0)

Transfer laterally to draw (x,-]/x2 )& point.

Unit 1
Fig. 9.4

Coulomb geometry
Force and Potential
F(x)=-1/r Ux)=-1/r

through (x,-1/x) point@® fto ( +1,-1/42 ) intercept.

-
e
-

x.’(]/x):].'(]/xz)
x.‘]:1.°(]/x)
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(0,0)  x=0.5 x=I x=2.0 (00) 05 x=I 2.0

o ©
F)=1ks*, i OO0 )
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O<® Fig. 9.4
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Stepl :|Follow lu\efrom prigin (0,0) - b
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/
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\ using similar triangle constuction based
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Transfer laterally to draw (x,-]/x2 )& point. V- /
X.‘(I/x):].'(]/xz)
D
xI=1:(1%)

Friday, December 21, 2012 32



Geometry of common power-law potentials

Geometric (Power) series
“Zig-Zag” exponential geometry
Projective or perspective geometry
Parabolic geometry of harmonic oscillator kr’/2 potential and -kr! force fields
Coulomb geometry of -1/r-potential and -1/r’-force fields
— Compare mks units of Coulomb Electrostatic vs. Gravity
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Compare mks units for Coulomb fields
1. Electrostatic force between q(Coulombs) and Q(C.)

1 qO 1 Newtons - meter - square

F (1) = = where: = 9,000,000,000

dme, r 4me, per square Coulomb

Friday, December 21, 2012
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Compare mks units for Coulomb fields
1. Electrostatic force between q(Coulombs) and Q(C.)

| 1 : .
99 here: —— =9,000,000,000 2 CW1ONS meter Square
dme, r 4Te, per square Coulomb

More precise value for electrostatic constant : 1/4n€9=8.987,551-10°Nm?/C?> ~9-10°~10'?
quantum of charge: |e|=1.6022-10-"° Coulomb

Felec.(r) —

t

Repulsive (+)(+) or (-)(-) ...but 1 Ampere = 1 Coulomb/sec.
Attractive (+)(-) or (-)(+)

Friday, December 21, 2012 35



Compare mks units for Coulomb fields
1. Electrostatic force between q(Coulombs) and Q(C.)

1 1 f . meter -
99 here: —— =9,000,000,000 2 CW1ONS meter Square
dme, r 4Te, per square Coulomb

More precise value for electrostatic constant : 1/4n€9=8.987,551-10°Nm?/C?> ~9-10°~10'?
quantum of charge: |e|=1.6022-10-"° Coulomb

Felec.(r) —

t

Repulsive (+)(+) or (-)(-) ...but 1 Ampere = 1 Coulomb/sec.
Attractive (+)(-) or (-)(+)

“Fingertip Physics” of Ch. 9 notes that 1 (cm)’ of water (1/38 Mole) has (1/38) 6:10°3 molecules (about 6-10%3 electrons)

That'’s about 6:10?31.6022-10-"Y Coulomb
or about 10 C or 10,000 Coulomb
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Compare mks units for Coulomb fields
1. Electrostatic force between q(Coulombs) and Q(C.)

1 qO 1 Newtons - meter - square

Fe (1) = < Where: = 9,000,000,000

dme, r 4me, per square Coulomb

More precise value for electrostatic constant : 1/4n€9=8.987,551-10°Nm?/C?> ~9-10°~10'?
quantum of charge: |e|=1.6022-10-"° Coulomb

Repulsive (+)(+) or (-)(-) BIG
Attractive (+)(-) or (-)(+) 1 COMPARE !1 .
ijays Attractive (so far)
2. Gravitational force between m(kilograms) and M(kg.)
v mM Newtons - meter - square
F*"(r)=—-G—— where:G =0.000,000,000,067 1
r per square Coulomb

More precise value for gravitational constant : G=6.67384(80)-10-""Nm?/C? ~(2/3) 101"
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Compare mks units for Coulomb fields
1. Electrostatic force between q(Coulombs) and Q(C.)

| 1 : .
quz where : ~ 9,000,000,000 eWions - meter - square
4me, r 4Te, per square Coulomb

Felec.(r) —

quantum of charge: |e|=1.6022-10-"° Coulomb

Discussion of repulsive force and PE in Ch. 9...

I(a). Electrostatic potential energy between q(Coulombs) and Q(C.)

1 1
99 | here- = 9.000.000,000 Joule

U(r)=
") Ame, r 4TE, per square Coulomb
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Compare mks units for Coulomb fields
1. Electrostatic force between q(Coulombs) and Q(C.)

Newtons - meter - square

Feee(ry=— 92 here:—1 = 9.000.000.000

4me, r’ 4me, per square Coulomb
T quantum of charge: |e|=1.6022-10-'° Coulomb
Repulsive (+)(+) or (-)() Discussion of repulsive force and PE in Ch. 9...

Attractive (+)(-) or (-)(+)

I(a). Electrostatic potential energy between q(Coulombs) and Q(C.)

| 1 Joul
Ur)=——92 \here:—— =9,000,000,000 s
4Te, r 4TE, per square Coulomb
Atomic size ~ 1 Angstrom = 10+ m Nuclear size ~ 10-° m = 1 femtometer =1fm

also:1fm = 10-13 cm =1Fermi

Big molecule ~ 10 Angstrom = 10-° m = Inanometer=I1nm P
=1Fm

1 Fermi

...s0 nuclear energy 100,000 to 1,000,000 times bl aIer that of atomic/chemical...
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