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

Geometry of idealized “Sophomore-physics Earth”™

Coulomb field outside Isotropic Harmonic Oscillator (IHO) field inside

Contact-geometry of potential curve(s)

“Crushed-Earth” models: 3 key energy “steps” and 4 key energy “levels”
Earth matter vs nuclear matter:

Introducing the “neutron starlet” and “Black-Hole-Earth”

Introducing 2D IHO orbits and phasor geometry

Phasor “clock” geometry
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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 pointsfound by just one “Zig-Zag”
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Each y=x? parabola pointsfound by just one “Zig-Zag”

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

Y=, Y=X V=X
) .. “Zag’ line is y=(?)x
T and hits (x=?)-line at
T y=(2)(2)=(2)
X =7 xXF7 P % x
x=1 x=1 x=1
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_D -1 x=0 I 2
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Each y=x? parabola pointsfound by just one “Zig-Zag”
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Each y=x? parabola pointsfound by just one “Zig-Zag”
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A more conventional parabolic geometry...(uses focal point)
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A more conventional parabolic geometry...
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...conventional parabolic geometry...carried to extremes...
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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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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

Thursday, September 10, 2015
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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€p=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 (-)(+)

Thursday, September 10, 2015 32



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€p=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)? =1gm of water (1/18 Mole) has (1/18) 6-10°3 molecules

~ .1023
H>O Molecular weight~18 0.3-10
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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€p=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)? =1gm of water (1/18 Mole) has (1/18) 6-10°3 molecules or ~ 3-107 electrons

. ~0.3-1023 and ~ 3-10%3 protrons.
H>O Molecular weight~18
Atomic number = 10

10 electrons
0 protons
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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€p=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)? =1gm of water (1/18 Mole) has (1/18) 6-10°3 molecules or ~ 3-107 electrons

. ~0.3-1023 and ~ 3-10%3 protrons.
H>O Molecular weight~18
Atomic number = 10

10 electrons Thatis~- 3:-10%31.6022-10-1° Coulomb or about —0.5-105 C or — 50,000 Coulomb
0 protons plus ~ +3-10%°1.6022-10-"° Coulomb or about +0.5-10" C or +50,000 Coulomb

Equals zero total charge
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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

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

Repulsive (+)(+) or (-)(-) BIG
Attractive (+)(-) o ()(+) 1 COMPARE !1 n
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"

Thursday, September 10, 2015
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Compare mks units for Coulomb fields
1. Electrostatic force between q(Coulombs) and Q(C.)

| 1 : .
qg 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, 1 4TE, per square Coulomb
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Compare mks units for Coulomb fields
1. Electrostatic force between q(Coulombs) and Q(C.)

1 1 Newtons - meter - square
Félec (1) = qu where : = 9.,000,000,000 9
4e, r 4TE, 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.)

Joule

1 1
U(r)= 9Q \here: = 9.,000,000,000
4Te, r 4TE, per square Coulomb

Nuclear size ~ 10> m = 1 femtometer =1fm Atomic size ~ 1 Angstrom = 107" m

H-atom
o diameter
| A=10"nm
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Compare mks units for Coulomb fields
1. Electrostatic force between q(Coulombs) and Q(C.)

1 1 Newtons - meter -
Félec () = qu where : = 9.000,000,000 20N ETET " SqUaTe
4e, r 4TE, per square Coulomb
T quantum of charge: |e|=1.6022-10-'° Coulomb

Repulsive (+)(+) or (-)(-)

Attractive (1)) or (-)() Discussion of repulsive force and PE in Ch. 9...

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

| 1 Joul
Ur)=——92 \here:—— =9,000,000,000 -
4Te, r 4TE, per square Coulomb
Nuclear size ~ 10> m = 1 femtometer =1fm Atomic size ~ 1 Angstrom = 107" m

Big molecule ~ 10 Angstrom = 10-° m = Inanometer=I1nm

H-atom

(o) diameter
| A=10"nm
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Compare mks units for Coulomb fields
1. Electrostatic force between q(Coulombs) and Q(C.)

1 1 Newtons - meter -
Félec () = q? where : = 9.000,000,000 20N ETET " SqUaTe
4e, r 4TE, per square Coulomb
T quantum of charge: |e|=1.6022-10-'° Coulomb

Repulsive (+)(+) or (-)(-)

Attractive (1)) or (-)() Discussion of repulsive force and PE in Ch. 9...

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

| 1 Joul
U(r) = 9C \here = 9.,000,000,000 ore
4Te, r 4TE, per square Coulomb
Nuclear size ~ 10> m = 1 femtometer =1fm Atomic size ~ 1 Angstrom = 107" m

Big molecule ~ 10 Angstrom = 10~ m = Inanometer=I1nm
also:Ifm = 1013 cm =1Fermi e Heatom
=]Fm B diameter
----------------------------------------------- | A=10"nm

40
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Compare mks units for Coulomb fields
1. Electrostatic force between q(Coulombs) and Q(C.)

1 1 Newtons - meter -
Félec () = q? where : = 9.000,000,000 20N ETET " SqUaTe
4e, r 4TE, per square Coulomb
T quantum of charge: |e|=1.6022-10-'° Coulomb

Repulsive (+)(+) or (-)(-)

Attractive (1)(-) or (-)(+) Discussion of repulsive force and PE in Ch. 9...

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

| 1 Joul
U(r) = 9C \here = 9.,000,000,000 ore
4Te, r 4TE, per square Coulomb
Nuclear size ~ 10> m = 1 femtometer =1fm Atomic size ~ 1 Angstrom = 107" m

Big molecule ~ 10 Angstrom = 10-° m = Inanometer=I1nm

also:1fm = 10-13 cm =1Fermi T vt
= B ) diameter
]Fm ____________________________________________________________________________ / AZ]O‘ZInm
nuclear radii are 100,000 to 1,000,000 times smaller than atomic/chemical radii

...50 nuclear qQ/r energy 100,000 to 1,000,000 times bi aer that of atomic/chemical...

Thursday, September 10, 2015
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Geometry of idealized “Sophomore-physics Earth”

mPp-Coulomb field outside Isotropic Harmonic Oscillator (IHO) field inside
Contact-geometry of potential curve(s)
“Crushed-Earth” models: 3 key energy “steps” and 4 key energy “levels”
Earth matter vs nuclear matter:

Introducing the “neutron starlet” and “Black-Hole-Earth”

Thursday, September 10, 2015
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Coulomb force vanishes inside-spherical shell (Gauss-law) Unit 1

Fig. 9.6
Shell mass element 5
m =(solid-angle factor A) d2 m -
Gravity at I’ — T ]
due to shell mass elements _and
GM - Gm _ / ghtless
D2 . &2 sm® \ | \
( ) A= 0 /
d? \| \
Cancellatwn of N Ne {
Shell mass element R
M =(solid-angle factor A )D24) SN

Coulomb force inside-spherical body due to stuff below you, only.

Gravitational force at r_ 1s
just that of planet( uJbelow r_
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Coulomb force vanishes inside-spherical shell (Gauss-law) Unit 1

Fig. 9.6
Shell mass element 5
m =(solid-angle factor A) d2 m -
Gravity at I’ — T ]
due to shell mass elements _and
GM - Gm _ / ghtless
D2 . &2 sm® \ | \
( ) A= 0 /
d? \| \
Cancellatwn of N Ne {
Shell mass element R
M =(solid-angle factor A )D24) SN

Coulomb force inside-spherical body due to stuff below you, only.

Gravitational force at r_ 1s

Note:

Just that OfplanetUM< below r_ Hooke’s (linear) force law
for r< inside uniform body
- M M ¢
Fmszde(r<):Gm 2< :Gm47r r _Gm4ﬂ:p®r — r = .
r. 3 47w 3 3 ®
r.
3
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Coulomb force vanishes inside-spherical shell (Gauss-law) Unit 1

Fig. 9.6
Shell mass element 5
m =(solid-angle factor A) d2 m -
Gravity at I’ — T ]
due to shell mass elements _and
GM - Gm _ / ghtless
D2 . &2 sm® \ | \
( ) A= 0 /
d? \| \
Cancellatwn of N Ne {
Shell mass element R
M =(solid-angle factor A )D24) SN

Coulomb force inside-spherical body due to stuff below you, only.

Gravitational force at r_ 1s v
. ote:
just that of planet( . below r_ Hooke’s (linear) force law

for r< inside uniform body

\

o mM ar M 41 r.
F mszde(r<) — G . < — Gm r — Gm p@r — —
r. 3 4_7fr 3 3 o
3
: M M 4ar M
Earth surface gr: R@ = R—?R@ =G "2 R, -G p@ =9.8m/s
G=6.673 JO-INm2/C2 ~(2/3)10-10 ® ® 7R3
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Coulomb force vanishes inside-spherical shell (Gauss-law) Unit 1

Fig. 9.6
Shell mass element s
m =(solid-angle factor A) d2 m e
Gravity at I’ T
due to shell mass elements nd
GM - Gm — / 1 t\<€SS
D? & B 4=422 ’ ' AN |
n2 . d2 sm@ \\ \ \
( )A = N /
d2 \| \
Cancellatwn of | No ¢
Shell mass element R
M =(solid-angle factor A )DZ—) S

Coulomb force inside-spherical body due to stuff below you, only.

Gravitational force at r_ 1s
just that of planet( v ybelow r_

Note:
Hooke's (linear) force law
for r< inside uniform body

inside mM ar M 47 r. ¢
F™r)=G =~ =Gm r.=Gm— pgr. = =mg-X
< r 3 47 3 3¢ R
< _r @
3
: M M 4ar M
Earth surface gr: 2=G—R, =G T "o R, -G p@ =9.8m/s
® Ry _R3
G=6.673 JO1INm2/C2 ~(2/3)10°19 X
N R 6. 6

Earthradius : Ry = 6371-10°m =6.4-10"m Solar radius : R =6.955 x 10°m.=7.0-10°m.
Earthmass : M, =5.9722 x 10" kg.=6.0-10"kg. Solar mass: M_ =1.9889 x 10°kg.=2.0-10%kg.
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Geometry of idealized “Sophomore-physics Earth”
Coulomb field outside Isotropic Harmonic Oscillator (IHO) field inside

=P Contact-geometry of potential curve(s)
“Crushed-Earth” models: 3 key energy “steps” and 4 key energy “levels”

Earth matter vs nuclear matter:
Introducing the “neutron starlet” and “Black-Hole-Earth”

Thursday, September 10, 2015
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The ideal “Sophomore-Physics-Earth” model of geo-gravity

o F )= Fog)=-1/2
o © (inside Earth) (outside Earth)
o ® |Ue=6?-3)2 Ug)=-Ifs |
o é < ¢ | \
0 // \\ \ |
’ Hods 0.5° &0 05 x5l \2.0 |
! / ,/ \Q i A o \\O <5
/ // e b \\ O , +
® g ’kzﬁm@) o R S <o \GB :
/ . \ ~
i @)_@_)F(%@ Q\Q(_Q_@ Rk ANN
& F@o@g F(1.0 L \8@1?(2704) ,
FL08) F i
S 0 g /
S (; | | S | '
‘=‘== Example pf contacting line
I | angd contact point
rectum

— — — — — — — — — — — |l e e e e e e o e e e
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...conventional parabolic geometry...carried to extremes...

(From p.18)

i :
I
| |
| | Par abolZa _ Parabola |
_ 2. |
| dpy =x<=2\y dpy =x2=2\y |
\ —Circle” T T i
LN AN Ry
AN urvature.” — \\\ // — 3p
AN AN // l
- ) - X —!2p
Latus regeqm T s |
Wl // \\ |
}\’//_ p _____ v\___I-p __/__/__ ___lv\___:-p
A 2 N LS L
< L o L L Jo |
p. 2p 3p A 0OA P Zp  3p 4p
p T 2
| directrix Yy =-p Yy =P
slope=1 tangent slope=-5/2 slope=1/2
Unit 1
Fig. 9.4
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Geometry of idealized “Sophomore-physics Earth”

Coulomb field outside Isotropic Harmonic Oscillator (IHO) field inside
Contact-geometry of potential curve(s)
- “Crushed-Earth” models: 3 key energy “steps” and 4 key energy “levels”
Earth matter vs nuclear matter:

Introducing the “neutron starlet” and “Black-Hole-Earth”
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00 The|“Three (equal) steps from Hell”
o M,

R ¢ surface gravity: g =—G—
o © | Rg
o < <o
L Dissociation threshold : PE=0

\ M
syrface potential: PE=—-G R—@
@

M
syrface escape speed: v,= \/ 2GR—@
)

D
1 M
K[E = PE relation: EmvizG T e

S
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"4 : .
If yow,could crush Earth radius 2-times-smaller...
S
O - §
\Q\
QR
\(} |
RS
O — Orbit level : PE=—-G ZK@ B 75 M
© 2 times O-orbit energy: E_ =—G —2
2R,
S - | |
h y J2 times O-orbit speed: v, = GR—@
\\ s S
) X Crushed Earth M
ril/sz fa dil?s 2 times the surface potential: PE= —GR—@
8 times as dense \ °
1/8 focal dist A ‘ - 2M
/6 Tocal distance or \/2 times surface escape speed: v = |G=—2
8 minimum radius of curvature ©
8 times maximum curvature
. . M@
NE 4 times the surface gravity: g =-G—-~
\ / / R@
v/
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Geometry of idealized “Sophomore-physics Earth”

Coulomb field outside Isotropic Harmonic Oscillator (IHO) field inside

Contact-geometry of potential curve(s)

“Crushed-Earth” models: 3 key energy “steps” and 4 key energy “levels”
Earth matter vs nuclear matter:

a Introducing the “neutron starlet” and “Black-Hole-Earth”

Thursday, September 10, 2015
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Examples of “crushed” matter

Earth matter Earthmass M, =59722 x 10*kg.=6.0-10*kg. Densityp. =77
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (47 /3)R,> = 4-260-10"° ~10*'m’

(6.4)3~262 and (47/3)260=1098~10°

Thursday, September 10, 2015
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Examples of “crushed” matter

Earth matter Earthmass: i, =59722 x 10*kg.= 6.0-10* kg. (Density p~ 60102421 ~6-10%kg/m? )
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (41 /3)R. = 4-260-10"° ~10*'m’
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Examples of “crushed” matter

Earth matter Earthmass: i, =59722 x 10*kg.= 6.0-10* kg. (Density p~ 60102421 ~6-10%kg/m? )
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (41 /3)R. = 4-260-10"° ~10*'m’

Density of solid Fe=7.9-10°kg/m?
Density of liquid Fe=6.9-10°kg/m’
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Examples of “crushed” matter

Earth matter Earthmass: M. =59722 x 10%kg.=6.0-10* kg. [Density P~ 6.0-102421 ~6-103kg/m?3
® M &
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (41 /3)R. = 4-260-10"° ~10*'m’

Nuclear matter Nucleon mass =1.67-107"kg.~ 2-10~*"kg.
Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a mass 2-10-~kg.
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Examples of “crushed” matter

Earth matter Earthmass: M. =59722 x 10%kg.=6.0-10* kg. [Density P~ 6.0-102421 ~6-103kg/m?3
® M &
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (41 /3)R. = 4-260-10"° ~10*'m’

Nuclear matter Nucleon mass =1.67-107"kg.~ 2-10~*"kg.
Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a mass 2-10-~kg.

That’s 100-10-*"=10- kg packed into a volume of #7/3r3= #7/5 (3-10-°)3 m? or about 10~ m°.
36m=113~10?
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Examples of “crushed” matter

Earth matter Earthmass: M. =59722 x 10%kg.=6.0-10* kg. [Density P~ 6.0-102421 ~6-103kg/m?3
® M &
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (41 /3)R. = 4-260-10"° ~10*'m’

Nuclear matter Nucleon mass =1.67-107"kg.~ 2-10~*"kg.
Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a mass 2-10-~kg.

That’s 100-10-*"=10- kg packed into a volume of #7/3r3= #7/5 (3-10-°)3 m? or about 10~ m°.
Nuclear density is 10-2°*% = 10%kg /m? or a trillion (10'?) kilograms in the size of a fingertip (1cc).

Earth radius crushed by a factor of 0.5-70~ toR_, . =300m would approach neutron-star density.
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Examples of “crushed” matter
Earth matter Earthmass: M. =59722 x 10%kg.=6.0-10*kg. Density P~ 6.0-102421 ~6-103kg/m?3
® y g
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (47 /3)R. = 4-260-10"° ~10*'m’

Nuclear matter Nucleon mass =1.67-107"kg.~ 2-10~*"kg.
Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a mass 2-10-~kg.

That’s 100-10-*"=10- kg packed into a volume of #7/3r3= #7/5 (3-10-°)3 m? or about 10~ m°.
Nuclear density is 10-°°*% = 10/%kg /m’ or a trillion (10%°) kilograms in the size of a fingertip.

Earth radius crushed by a factor of 0.5-70~ toR_, . =300m would approach neutron-star density.

]ntroducing the “Neutron starlet” 1 cm? of nuclear matter: mass= 10"’ kg.
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Examples of “crushed” matter
Earth matter Earthmass: M. =59722 x 10%kg.=6.0-10*kg. Density P~ 6.0-102421 ~6-103kg/m?3
® y g
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (47 /3)R. = 4-260-10"° ~10*'m’

Nuclear matter Nucleon mass =1.67-107"kg.~ 2-10~*"kg.
Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a mass 2-10-~kg.

That’s 100-10-*"=10- kg packed into a volume of #7/3r3= #7/5 (3-10-°)3 m? or about 10~ m°.
Nuclear density is 10-°°*% = 10/%kg /m’ or a trillion (10%°) kilograms in the size of a fingertip.

Earth radius crushed by a factor of 0.5-70~ to R, . =300m would approach neutron-star density.

crush® ~—

Introducing the “Neutron starlet” 1 cm? of nuclear matter: mass= 10"’ kg.

Introducing the “Black Hole Earth” Suppose Earth is crushed so that its

surface escape velocity is the speed of light ¢ = 3.0-10°m/s.

Vescape :\/ (2 GM/R@)

(fromp. 43 )

G=6.673 O Nm?/C? ~(2/3)10-10
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Examples of “crushed” matter
Earth matter Earthmass: M. =59722 x 10%kg.=6.0-10*kg. Density P~ 6.0-102421 ~6-103kg/m?3
6 y g
Earthradius : R, = 6.371-10°m = 6.4-10°m Earthvolume : (47 /3)R. = 4-260-10" ~10*' m’

Nuclear matter Nucleon mass =1.67-107"kg.~ 2-10~*"kg.
Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a mass 2-10-~kg.

That’s 100-10-*"=10- kg packed into a volume of #7/3r3= #7/5 (3-10-°)3 m? or about 10~ m°.
Nuclear density is 10-°°*% = 10/%kg /m’ or a trillion (10%°) kilograms in the size of a fingertip.

Earth radius crushed by a factor of 0.5-70~ to R, . =300m would approach neutron-star density.

crush® ~—

Introducing the “Neutron starlet” 1 cm? of nuclear matter: mass= 10"’ kg.

Introducing the “Black Hole Earth” Suppose Earth is crushed so that its

surface escape velocity is the speed of light ¢ = 3.0-10°m/s.

Vescape =N (2GM/R) ¢ =N (2GM/Re)
(from p. 43) Re =2GM/c?= 8.9mm ~Icm (fingertip size!)

G=6.673 O Nm?/C? ~(2/3)10-10
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—>» [ntroducing 2D IHQO orbits and phasor geometry

Phasor “clock” geometry

Thursday, September 10, 2015

63



iform-body

ICS In un

Isotropic Harmonic Oscillator phase dynam

=

=

3 LIS
= <
=9 & §

wvn o

O & m,_

22 <

5 = O

=5

oy <

~

<

pses 1
d right!)

VI1IEWC

F
(Paths are always

2-Dell

T
L

\
NN
////W///////é
- \/|

2
kx° = const.

1

y

* +

L

N

1

—my

S

L
NN

AN
\

ing:
‘+U(x)=

)

(1-D
=-r (2 or 3-D

Each d

imension

-X
Total E = KE + PE =

LH.O. Force law

64

Thursday, September 10, 2015



N
IHINIHINN

iform-body

N /]
%,

A\

ICS In un

(b)

\
\\
N

N

\
\\

AN

(@)

Isotropic Harmonic Oscillator phase dynam

LH.O. Force law

)

1mension

(1-Di1
=-r (2 or 3-D

-X

)

1IMCEnsS101sS

d

if viewe

ipses 1

(Paths are always 2-D

2-D or 3-D

ell
right!)

1 1
2
+ kx2 = const.

—my

ing:
‘+U(x)=

the follow

1

—my

X, y, or z obeys

imension

Total E = KE+ PE =
Equations for x-motion

Each d

first. They apply
imensions

as well to d

[x(t) and vi=v(t)] are
given

[y(t) and vy%=v(t)] and

[Z(t) and v.=v(t)] in the
ideal isotropic case.

65

Thursday, September 10, 2015



Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (b)
Unit 1
L.H.O. Force law Fig. 9.10
F=-x (1-Dimension) W
F =-r (2 or 3-Dimensions)
S | 1-D 2-D or 3-D

Each dimension x, y, or z obeys the following: : i (Paths are always 2-D

Total E = KE+ PE =—mv> +U(x)=—mv’> +—kx” = const. filglftsgs it viewed
Equations for x-motion 2 2 , , |
[x(t) and vi=v(t)] are a? Fex? v ¥
given first. They apply 1= + = +

as well to dimensions 2F  2F J2E Im J2E [k

[y(t) and vy=v(1)] gnd ot kex’ Another example of
[z(t) and v:=v(t)] in the | — 4+ — (0039)2 + (sin 9)2 the old “scale-a-circle”
ideal isotropic case. 2FE 2F

trick...

Let: (1) v=42E/mcosO, and: (2) x=+/2E/ksinf
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Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (b)
Unit 1
L.H.O. Force law Fig. 9.10
F=-x (1-Dimension) W
F =-r (2 or 3-Dimensions)
- | 1-D 2-D or 3-D

Each dimension x, y, or z obeys the following: : i (Paths are always 2-D

Total E = KE+ PE =—mv> +U(x)=—mv’> +—kx” = const. filglftsgs it viewed
Equations for x-motion 2 2 , , |
[x(t) and vi=v(t)] are a? Fex? v ¥
given first. They apply 1= + = +

as well to dimensions 2F  2F J2E Im J2E [k

[y(t) and vy=v(t)] and 2 2 Another example of
: mv-  kx > 2
[z(t) and v:=v(t)] in the | — 4+ — (CQSQ) + (sin 6) the old “scale-a-circle”
ideal isotropic case. 2FE 2F trick. .
do
Let: (1) v=42E/mcosO, and: (2) x=+/2E/ksinf def. (3) () = 7
(" )
2F dx dO dx dx
T T a0 Cae
™o | Zf
y def. (3)
\_ J
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Isotropic Harmonic Oscillator phase dynamics in uniform-body

(a) (b)

Unit 1
L.H.O. Force law Fig. 9.10
F =-x (1-Dimension) W
F =-r (2 or 3-Dimensions)
S | 1-D 2-D or 3-D

Each dimension x, y, or z obeys the following: : i (Paths are always 2-D

Total E=KE+PE=—mv>+U(x)=—mv’ +—kx” = const. filgﬁ’tsgs i viewed
Equations for x-motion 2 2 , , |
[x(t) and vi=v(t)] are a? Fex? v ¥
given first. They apply 1= + = +

as well to dimensions 2F  2F J2E Im J2E [k

[y(t) and vy=v(t)] and 2 2 Another example of
: mv-  kx > 2
[z(t) and v:=v(t)] in the | — 4+ — (CQSQ) + (sin 6) the old “scale-a-circle”
ideal isotropic case. 2FE 2F trick. .
do
Let: (1) v=42E/mcosO, and: (2) x=+/2E/ksinf def. (3) () = 2
(" )
2F dx dO dx dx 2F
—Ccosf =v=—-= =W—=,|— cosf
m dt dt do | do k
| »a | . |
5 ydef.3) | | by (@) )
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Isotropic Harmonic Oscillator phase dynamics in uniform-body

(a) (b)

L.H.O. Force law
F =-x (1-Dimension) W
F =-r (2 or 3-Dimensions)

Each dimension x, y, or z obeys the following:

1
Total E = KE + PE = Emv2 +U(x)= Emv2 +5kx2 = const.

Equations for x-motion

[x(t) and vi=v(t)] are 2 g2 2

1

my Vv X

given first. They apply 1= + = +

as well to dimensions 2F  2F J2E Im J2E [k

poandvvoand o
[z(t) and v:=Vv(1)] in the 1 — + — (C089)2 4+ (sin6)2
ideal isotropic case. 2FE  2F

2

Unit 1

Fig. 9.10

2-D or 3-D

(Paths are always 2-D
ellipses if viewed
right!)

Another example of
the old “‘scale-a-circle”

trick...

Let: (1) v=42E/mcosO, and: (2) x=+/2E/ksinf

[

~ by def. (3) )
2F dx dO dx dx do k
1/—c:()sé?:v: = =) —=O w=—= |2
m dt dt do do . dt m
Lo | ; @
__________________ by def. (3) I by (2) | : | divide this by _(_11
\_ : AN . - Y,
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Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (b)
Unit 1
L.H.O. Force law Fig. 9.10
F =-x (1-Dimension) W
F =-r (2 or 3-Dimensions)
- | 1-D 2-D or 3-D

Each dimension x, y, or z obeys the following: : i (Paths are always 2-D

Total E = KE+ PE =—mv> +U(x)=—mv’> +—kx” = const. filgﬁ’tsgs it viewed
Equations for x-motion 2 2 , , |
[x(t) and vi=v(t)] are a? Fex? v ¥
given first. They apply 1= + = +

as well to dimensions 2F  2F J2E Im J2E [k

[

[y(t) and vy=v(1)] qnd ot kex’ Another example of
[z(t) and v:=v(t)] in the | — 4+ — (0039)2 + (sin 9)2 the old “scale-a-circle”
ideal isotropic case. 2F 2F trick. .
db
Let: (1) v=42E/mcosO, and: (2) x=+/2E/ksinf def. (3) CO:J
~ by def. (3) ) @y integration given constant .
2F dx dO dx dx do k
— cosf =v=—= =0—=O w=—=,—||0=|odi=0t+c
m dt dt do do - dt m
[ 2o | def @ | | @ | | [ divide s v 1)
e . : AN ivide this yi'(' JAN y
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Introducing 2D IHO orbits and phasor geometry

Phasor “clock” geometry

—>
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Isotropic Harmonic Oscillator phase dynamics in uniform-body

velocity|v,/®

(a) 1-D Oscillator Phasor Plot

/ \ position

N

W’ | x
Phasor goes
clockwise

1
[

0 x—vellocily Vv, /M

by angle wt \
o -6
(b) 2-D Oscillator Phasor Plot (x-Phase 45
» behind
Y -pgm lOnm the y-Phase)

VANNIVIZA

AN

4

N\,

0O
\J/

8
O

A4

\
:

O
A4

]
/
e

BoxIt 2DHO Animation
BoxIt web animation

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

(a) Phasor Plots Trvelodity i/ Unit 1

-1 1
or 2N Oy ; Fig. 9.12
2-D Oscillator _ \ a / 3 N S
or . \\ L X-position -3 ] g 3
Two 1D Oscillators -4 a 4 -4 Bz NSk
(x-Phase 90° behind P "~ = 5
-b 5 s 6
the y-Phase) \ / \ / |7
AN 16 bl
iy /7
8
y-position ola
o T ((14) 1%6\ (’(?236
V-velocit A - bl I P (€] .f"\:lfj""(,?”)
O — e
N ) o 7 T © , O, '0)
i E—— - —— —

x-velocity v/®

These are more generic examples

1
2 DS . . o
& _3 \\ a /1L/I\, with radius of x-phasor differing
x—Phhase g’hbehmd "~ a/ ©position fmm that Of the y-phasor.
the y-Fhase -4
d _5\// \\ .
(In-phase case) \ / \ 6/
-6
S
y:oitiomn o 0.0)
AN * <ﬁ0>'
AN VZANS cpr e f
yveloczl);/ \ @) ©
- gy o A
EAVAARVAL J
VN> o0

Thursday, September 10, 2015



