Geometry and Motion of Isotropic Harmonic Oscillators
(Ch. 9 and Ch. 11 of Unit 1)

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”

Isotropic harmonic oscillator dynamics in 1D, 2D, and 3D

Sinusoidal space-time dynamics derived by geometry
Isotropic harmonic oscillator orbits in 1D and 2D (You get 3D for free!)
Constructing 2D Isotropic harmonic oscillator orbits using phasor plots

Examples with x-y phase lag : Oxy= 00 =15°, 30°, and £75°
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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”
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Coulomb force vanishes inside-spherical shell (Gauss-law) Unit 1

Shell mass element Fig. 9.6
m =(solid-angle factor A) &? =
Gravity at V" =
due to shell mass elements —and
GM-Gm _ ) ' t\(ess
D? d? B f N }
(2 )i = JIRANN
D? Cancellatlon of AN . /
Shell mass element T
M =(solid-angle factor A)ng) =

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

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

Shell mass element Fig. 9.6
m =(solid-angle factor A) &? =
Gravity at V" =
due to shell mass elements —and
GM-Gm _ ) ' t\(ess
D? d? B f N }
(2 )i = JIRANN
D? Cancellatlon of AN . /
Shell mass element T
M =(solid-angle factor A)ng) =

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

Gravitational force at r_ 1s

Note:

Just that of planetUM< below r_ Hooke’s (linear) force law
for r< inside uniform body
- M M ¢
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Coulomb force vanishes inside-spherical shell (Gauss-law) Unit 1

Shell mass element Fig. 9.6
m =(solid-angle factor A) &? =
Gravity at V" =
due to shell mass elements —and
GM-Gm _ ) ' t\(ess
D? d? B f N }
(2 )i = JIRANN
D? Cancellatlon of AN . /
Shell mass element T
M =(solid-angle factor A)ng) =

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

Gravitational force at r_ 1s v
» ote:
just that of planet( «Jbelow r_ Hooke’s (linear) force law

for r< inside uniform body

\

o mM ar M 41 r.
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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
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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
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d2 \| \
Cancellatwn of N 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( uJbelow 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
S 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”
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The ideal “Sophomore-Physics-Earth” model of geo-gravity
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...conventional parabolic geometry...carried to extremes...

(Review of Lect. 6 p.29)

(a)

Unit 1
Fig. 9.4

i |
I
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_.2_9. |
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\ TS Cirele” T T i
\\ Of \\ // |
N urvature.” - . 7 — 3p
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N, vl // \\ |
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p T P
directrix Y =-p Yy =P
slope=1 tangent slope=-5/2 slope=1/2
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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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surface gravity: g =—G

Dissociation threshold : PE=0

| R’

@

The|“Three (equal) steps from Hell”
M(—D

SU

SU

\ M
rface potential: PE= -G —2

R

rface escape speed: v,= \/

1

K[ = PE relation: Em\/i:G

g Me
R@

mM g

®
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I]:> pg%could crush Earth radius 2-times-smaller...

&

ZXCrushed Earth

1/2 radius

8 times as dense

1/8 focal distance or A
8 minimum radius of curvature

g times maximum curvature

) : M
2 times O-orbit energy: E_ =—G —2
2R,
I
J2 times O-orbit speed: v, = /GR—@
S
. . M@
2 times the surface potential: PE= —GR—
S
2M
/2 times surface escape speed: v, = \/ G—=
@

4 times the surface gravity: g = —GR—f
®
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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”
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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?
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: M, =59722 x 10%*kg.= 6.0-10* kg. Density P~ 6.0- 102421 ~6-103kg/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°.
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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 : (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-°*% = [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.
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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
® M &
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®

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

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

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

¢ =N 2GM/Rs)
Re =2GM/c?= 9mm ~Icm (fingertip size!)
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Isotropic harmonic oscillator dynamics in 1D, 2D, and 3D

= Sinusoidal space-time dynamics derived by geometry
Isotropic harmonic oscillator orbits in 1D and 2D (You get 3D for free!)
Constructing 2D Isotropic harmonic oscillator orbits using phasor plots

Examples with x-y phase lag : Oxy= 00, =15°, 30°, and £75°
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Isotropic Harmonic Oscillator phase dynamics in uniform-body

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

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

Total E=KE+PE=—mv>+U(x)=—mv’ +—kx” = const. 2-D ellipses if

. . 9 9) 9 viewed right!)
Equations for x-motion 5 )
[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

(a) (b)

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(¥)] in the 1= 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
(" )
2F dx dO dx dx 2F
—cosf =v=—n= =W —=0,|— cosO
m dt dt d6 | do k
| »a | . |
5 ydef.3) | | by (@) )

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

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

Total E=KE+PE=—mv>+U(x)=—mv’ +—kx” = const. 2-D ellipses if

. . 9 9) 9 viewed right!)
Equations for x-motion 5 )
[x(t) and vi=v(t)] are a? Fex? v ¥
given first. They apply 1= + = +
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Isotropic Harmonic Oscillator phase dynamics in uniform-body

(a) (b)

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

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

Total E=KE+PE=—mv>+U(x)=—mv’ +—kx” = const. 2-D ellipses if

. . 9 9) 9 viewed right!)
Equations for x-motion 5 )
[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(¥)] in the 1= 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
4 N ( bydef (3) A

| »a |
9 by def. (3) I by (2) | ) \l by (DA2)

/2E dx dO dx dx /2E do / k
— cosO =v= = —0—=m,/— cosBO n=—=|—
m dt dt db do k dt in

Y,
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Isotropic Harmonic Oscillator phase dynamics in uniform-body

(a) (b)

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

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

Total E=KE+PE=—mv>+U(x)=—mv’ +—kx” = const. 2-D ellipses if

. . 9 9) 9 viewed right!)
Equations for x-motion 5 )
[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. 2FE 2F

trick...

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

e N ( bydef (3) \ (by integration given constant o.
2FE dx dOdx  dx 2F do k
— cosf =v=—= =0—=m,/—cos | w=—=,— O=|odi=wt+a
e | dt dt d0 | db k dt m
: bdet® | | @ | ) Lrae | JAN y
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Isotropic harmonic oscillator dynamics in 1D, 2D, and 3D

Sinusoidal space-time dynamics derived by geometry
Isotropic harmonic oscillator orbits in 1D and 2D (You get 3D for free!)
— Constructing 2D Isotropic harmonic oscillator orbits using phasor plots

Examples with x-y phase lag : Oxy= 00, =15°, 30°, and £75°

Friday, December 21, 2012

25



Isotropic Harmonic Oscillator phase dynamics in uniform-body

0 x-velocity v,/m

(a) 1-D Oscillator Phasor Plot - —

[

-2
velocity|v,/® <
-3 /
A N
VA 4 4 x-position Fig. 9.10
Phasor goes \/ - 7& /
clockwise k ~ s clockwise
by angle o1 \/ g \/ orbit
ol | -6 6 if x is behmdy
(b) 2-D Oscillator Phasor Plot ();9_ };z @a;e 45 \ /7/
_ ., enin - 8 )
Y pgsztzon the y-Phase) (1,B) (2}4) Left /
e 0 O 35 handed
/(\ (092) da | o ( )
/A NNIVZAN SO
— - )Y X 0(5,7)
y-velocily/ \ 4 o | counter-clockwise
o0 (\

—O(6.8) ifyis be@d '

LN/ Y
_ O(8,-6) / handed

(O
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(a) Phasor Plots Trvelodity i/ Unit 1

1 1
for 2 N2 0 Fig. 9.12
2-D Oscillator \ a / : L by
or . \\ ] Xx-position -3 [~ [+ 3
Two 1D Oscillators -4 a 4 -4 Bz NSk
(x-Phase 90° behind |\ 1+ "~ -5 A°
the y-Phase) T \| / \ / : B
-6\ / 6 _b_.,.
Ny 8/7
-positi ol4
fios dodolll |l
e e e i )
y-velocityf T 7 i \
op= —mEsEESERRE RS L
N ) o 7 T © , C’ '0)
. m/ <r_2\"u’ : O _——0O 020

x-velocity v/®

These are more generic examples

1
2 2 . . e
& _3 \\ a /1L/I\, with radius of x-phasor differing
x—Pl;lase ?:hbehmd "~ a/ ©position fmm that Of the y—phasor.
the y-rnase -4
Y _5\// \\ .
(In-phase case) \ / \ 6/
-6
™ 8/7/
y;foitiin o 0.0)
AN * <ﬁ0>'
velocitr A LL = b CET
yveloczl);/ \ @) ©
- gy o A
EAVAARVAL J
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Isotropic harmonic oscillator dynamics in 1D, 2D, and 3D

Sinusoidal space-time dynamics derived by geometry
Isotropic harmonic oscillator orbits in 1D and 2D (You get 3D for free!)
Constructing 2D Isotropic harmonic oscillator orbits using phasor plots

— Examples with x-y phase lag : Oxy= 00, =15°, 30°, and £75°
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5 ,
x(t)=A,cos(w-t—a,) =A.cos(a,—0-) I
v.(1)

=—A sm(w-t—o,) =Asma —-—w-t)
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y()=A cos(w-t—a,) =A cos(a,—w-t)

v, (1)

()

— 1 — . /8/
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al phases at t
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)
Ellipsometry Contact Plots X N
] X
VS. )
Relative phase Aov=0t,-01,
Aol=+15° o |
(Left-polarized clockwise case) N
-165° Y| i 515°
180° -150%135° -120° -105° 6 750 -gop 45°-30° ¢

; 15°

@
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+60°

— +750

O N +90°
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/ \\\ +120°
. ¢ g/ //’/ \ XQ +135°
Lﬂ L 7 / \\\ +150°
NS E— 165°
360°4330°  +300° +270° 1240°  +210° 180°
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+30° case

D)
Ellipsometry Contact Plots
Relative phase Aov=o01,-0t, /1
Ao=0Ly-00,~+30°

Lefi-polarized (clockwise) orbit |

Initial phase (o,=45°0,=+15°) AS/

y -165° ' o

-180° -150%135° -120° -105° 6 .7 45 0
. ——— - O O I O S S T S . Sp— - 15°
e Z jt
| ! | ! %%45@

)/

+60°
B +75°
I | x | +900
A8 / | | 4080
< +135°
> ? \“\7 -330°( | +150°
g o = \/// +165°
360°4330°  +300° +270° +255° +240°  +210° 180°
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+30° case

Ellipsometry Contact Plots

VS. /

Relative phase Ao=0o1,-0, /P

A= 0ty-0L,=+30°

Lefi-polarized (clockwise) orbit

Initial phase (o, =45°0,=+15° /

...after time advances by 750°:
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—75° case Vx /0)
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—75° case 'Vx/@O
) B 12
Ellipsometry Contact Plots
Relative phase Ao=o0t,-01, /i& / |
A= OLy-0Ly=—75° = [
Right-polarized (anti-clockwise) orbit 0L, X
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