Kepler Geometry of IHQ uouopic tarmonic oseinaory Elliptical Orbits

(Ch. 8 and Ch. 9 of Unit 1)

“Sophomore-Physics-Earth” models: 3 key energy “steps’ and 4 key energy “levels”
“Crushed-Earth” models: 3 key energy “steps” and 4 key energy “levels”
Earth matter vs nuclear matter vs Schwarzchild singular matter:
Introducing the “neutron starlet” ("fingertip physics”)
Fantasizing a completely crushed “Black-Hole-Earth”
Introducing Isotropic Harmonic Oscillator (IHQO) energy and frequency relations
Constructing 2D-IHQO orbits using Kepler anomaly plots
Mean-anomaly and eccentric-anomaly geometry with web-app animation
Calculus and vector geometry of IHO orbits
Constructing 2D-IHQO orbits using orbital phasor-clock plots
Phasor geometry of coordinate (x,y) and velocity (Vy, V) space with web-app animation

Link = BoxlIt simulation of IHO orbits
Link — IHO orbital time rates of change
Link — THO Exegesis Plot
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=1%7C0&semiMajor=1.0&semiMinor=0.125
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=1%7C0&semiMajor=1.0&semiMinor=0.125
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=1%7C0&semiMajor=1.0&semiMinor=0.125
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=1%7C1&semiMajor=1.0&semiMinor=0.125
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=1%7C1&semiMajor=1.0&semiMinor=0.125
http://www.uark.edu/ua/modphys/markup/BoxItWeb.html

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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“Sophomore-Physics-Earth” models: 3 key energy “steps’ and 4 key energy “levels”
= ‘Crushed-Earth” models: 3 key energy “steps” and 4 key energy “levels”
Earth matter vs nuclear matter vs Schwarzchild singular matter:
Introducing the “neutron starlet”  ('fingertip physics”)

Fantasizing a completely crushed “Black-Hole-Earth ”
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“Sophomore-Physics-Earth” models: 3 key energy “steps’ and 4 key energy “levels”

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

=3 Larth matter vs nuclear matter vs Schwarzchild singular matter:

Introducing the “neutron starlet” (“fingertip physics”)
Fantasizing a completely crushed “Black-Hole-Earth ”

Thursday, March 3, 2016
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Examples of “crushed” matter

Earth matter Earthmass M, =59722 x 10kg.=6.0-10*kg. Densityp. =77
Earthradius : R, = 6.371-10°m=6.4-10°m Earthvolume : (41 /3)R,> = 4-262-10"° ~10*'m’

(6.4)3~262 and (41/3)262=1089~103

Thursday, March 3, 2016
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€¢ ) — M
Examples of “crushed” matter Po= GarmR.? <

Earth matter Earthmass M, =59722 x 10*kg.=6.0-10* kg. @ensityp@~ 6.0-10°421 ~6°]03kg/m3)
Earthradius : R, = 6.371-10°m=6.4-10°m Earthvolume : (41 /3)R,> = 4-262-10"° ~10*'m’

(6.4)3~262 and (41/3)262=1097~103
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Examples of “crushed” matter Po= GarmR.? <

Earth matter Earthmass: M, =59722 x 10%kg.= 6.0-10 kg. @ensity Par~ 6.0- 107421 ~6°]03kg/m3)
Earthradius : R, = 6.371-10°m=6.4-10°m Earthvolume : (41 /3)R,> = 4-262-10"° ~10*'m’

(6.4)3~262 and (41/3)262=1097~103

Density of solid Fe=7.9-10°kg/m?
Density of liquid Fe=6.9-10°kg/m’

Thursday, March 3, 2016 27
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Examples of “crushed” matter Po= GarmR.? <

Earth matter Earthmass M, =59722 x 10*kg.=6.0-10* kg. @ensityp@~ 6.0-10°421 ~6°]03kg/m3)
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (41 /3)R. = 4-260-10"° ~10*'m’

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

Thursday, March 3, 2016 28
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Examples of “crushed” matter Po= GarmR.? <

Earth matter Earthmass M, =59722 x 10*kg.=6.0-10* kg. @ensityp@~ 6.0-10°421 ~6°]03kg/m3)
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (41 /3)R. = 4-260-10"° ~10*'m’

Nuclear matter Nucleon mass =1.67-10%7kg.~ 2-107kg. ("fingertip physics”)

Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a mass 2-10~kg.
. - /333 =367=113~10°
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 Po= GarmR.? <

Earth matter Earthmass: M, =59722 x 10%kg.= 6.0-10 kg. @ensity Par~ 6.0- 107421 ~6°]03kg/m3®
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (41 /3)R. = 4-260-10"° ~10*'m’

Nuclear matter Nucleon mass =1.67-107kg.~ 2-10-7kg.  (“fingertip physics”)

Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a mass 2-10~kg.
. - /333 =367=113~10°
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 a fingertip(1cm)?.
(1ecm)>=(10~m)>=10"m’
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Examples of “crushed’ matter Po= GarmR.? <

Earth matter Earthmass: M, =59722 x 10%kg.= 6.0-10 kg. @ensity P~ 6.0-1074-21 ~6°]03kg/m3)
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (41 /3)R. = 4-260-10"° ~10*'m’

Nuclear matter Nucleon mass =1.67-10%"kg.~ 2-107kg. ("fingertip physics”)

Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a mass 2-10~kg.
. - /333 =367=113~10?
That’s 100-10-°7=10-*° kg packed into a volume of #7/3r3= 47/3 (3-10-1°)° m’ or about 104 m’.

Nuclear density is 10-°% = 10%kg /m?3 or a trillion (10'?) kilograms in a fingertip(1cm)?.
, (1ecm)>=(10~m)*>=10"m’
Earth radius crushed by a factor of 0.5-710~ toR . =300m would approach neutron-star density.
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“Sophomore-Physics-Earth” models: 3 key energy “steps’ and 4 key energy “levels”

“Crushed-Earth” models: 3 key energy “steps” and 4 key energy “levels”
Earth matter vs nuclear matter vs Schwarzchild singular matter:
=3 [ntroducing the “neutron starlet”  ("fingertip physics”)

Fantasizing a completely crushed “Black-Hole-Earth ”

Thursday, March 3, 2016
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Examples of “crushed” matter Po= GarmR.? <

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 =1.67-107kg.~ 2-10-7kg.  (“fingertip physics”)

Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a mass 2-10~kg.
. - /333 =367=113~10°
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.

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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€€ ) _— M
Examples of “crushed” matter Po= GarmR.? <

Earth matter Earthmass: M, =59722 x 10*kg.= 6.0-10* kg. Density P~ 6.0- 102421 ~6°]03kg/m3>
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (47 /3)R. = 4-260-10"° ~10*'m’

Nuclear matter Nucleon mass =1.67-107kg.~ 2-10-7kg.  (“fingertip physics”)
Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a ;nass 2:107kg.
/333 =36m=113~10
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® ~—

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

]ntroducing 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 :\/ (2GM/R®)

(from p. 49 )
G=6.673 10 Nm?/C? ~ (2/3)10710
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“Sophomore-Physics-Earth” models: 3 key energy “steps’ and 4 key energy “levels”

“Crushed-Earth” models: 3 key energy “steps” and 4 key energy “levels”
Earth matter vs nuclear matter vs Schwarzchild singular matter:
=3 [ntroducing the “neutron starlet”  ("fingertip physics”)

Fantasizing a completely crushed “Black-Hole-Earth ”
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35



€€ ) _— M
Examples of “crushed” matter Po= GarmR.? <

Earth matter Earthmass: M, =59722 x 10*kg.= 6.0-10* kg. Density P~ 6.0- 102421 ~6°]03kg/m3>
Earthradius : R, =6.371-10°m=6.4-10°m Earthvolume : (47 /3)R. = 4-260-10"° ~10*'m’

Nuclear matter Nucleon mass =1.67-107kg.~ 2-10-7kg.  (“fingertip physics”)
Say a nucleus of atomic weight 50 has a radius of 3 fm, or 50 nucleons each with a }nass 2:107kg.
/333 =36m=113~10
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.

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

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

]ntroducing 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 :\/ (2GM/R®)

(fromp. 49 )
G=6.673 10U Nm?/C? ~(2/3)10-10 RQ — 2GM/C2 = 8.9mm ~Icm mngertip SiZe./)

c =\ (2GM/Rg)
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=/ ntroducing Isotropic Harmonic Oscillator (IHO) energy and frequency relations
Constructing 2D-IHQO orbits using Kepler anomaly plots
Mean-anomaly and eccentric-anomaly geometry with web-app animation
Calculus and vector geometry of IHO orbits
Constructing 2D-IHQO orbits using orbital phasor-clock plots
Phasor geometry of coordinate (x,y) and velocity (Vy, V) space with web-app animation
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Isotropic Harmonic Oscillator phase dynam

LH.O. Force law

)

1mension

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

-X

)

1IMCEnsS101sS

d

1CWC

fv

ipses 1

2-D or 3-D

(Paths are always 2-D

ell
right!)

1 1
*+—kx* = 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
[y(t) and vw=v(t)] and

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

[z(t) and v:=v(t)] in the

ideal isotropic case.
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Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (b)
Unit 1
LH.O. Force law Fig. 8.10
F =-x (1-Dimension)
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. ellipses if viewed

. . o) 9 9 right!)
Equations for x-motion ) )
[x(t) and vi=v(t)] are vt kex? v ¥
given first. They apply 1= + = +

as well to dimensions 2E  2E J2E m \2E [k
[y(t) and vy%=v(t)] and
[z(t) and v:=v(t)] in the

ideal isotropic case.
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Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (b)
Unit 1
L.H.O. Force law Fig. 8.10
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. .

velocity: position:

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. 8.10
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(¥)] in the 1= 4+ — (0039)2 + (sin 9)2 the old “scale-a-circle”
ideal isotropic case. 2FE 2F trick.
velocity: position.
Let: (1) v=42E/mcosO, and: (2) x=+/2E/ksinf
(" )
2F dx dO dx
—cos@=v=d = 2 40
™o | H
\_ J
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Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (b)
Unit 1
L.H.O. Force law Fig. 8.10
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(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. 2F  2F trick...
velocity: position: angular velocity: 40
Let: (1) v=42E/mcosO, and: (2) x=+/2E/ksinf def. (3) CO:J
(" )
2F dx dO dx
—cos@=v=d = 2 40
™o | H
\_ _J/
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Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (b)
Unit 1
L.H.O. Force law Fig. 8.10
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. 2F  2F trick...
velocity: position: angular velocity:  jp
Let: (1) v=42E/mcosO, and: (2) x=+/2E/ksinf def. (3) CO:J
(" )
2F dx dO dx dx
SO T a0~ e
™o | X
y def. (3)
\_ _J/
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@
L.H.O. Force law

F =-x (1-Dimension) W
F =-r (2 or 3-Dimensions)

Equations for x-motion

[’f(t) and vx=v(t)] are ot kex’

given first. They apply 1= + =

as well to dimensions 2E  2FE

[y(®) and vy=v()] and L

[z(t) and v:=Vv(1)] in the 1 — my n kx _

ideal isotropic case. 2FE  2F
velocity:

Isotropic Harmonic Oscillator phase dynamics in uniform-body

(b)

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

1
TotalE:KE-I—PE:EmV2 +U(x)=

Unit 1
Fig. 8.10
1-D 2-D or 3-D
1 (Paths are always 2-D
— mvz 4 — kx2 = const ellipses if viewed
9) 9) ' right!)
2 2
X
+

J2E Im

(cos®)’ + (sin@)’

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

J2E [k

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

trick...
angular velocity: 40

def 3) (O = —
d

position:

[

| »a |

ydet 3 | | @ |
\_

2FE dx dO dx dx 2F
‘/—0030=v= = =a)—=a),/—cose'
m dr dt do do k

\

J
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Isotropic Harmonic Oscillator phase dynamics in uniform-body

(@) (b)
Unit 1
L.H.O. Force law Fig. 8.10
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(¥)] in the 1= 4+ — (0039)2 + (sin 9)2 the old “scale-a-circle”
ideal isotropic case. 2FE 2F trick.
velocity: position: angular velocity: 40
Let: (1) v=42E/mcosO, and: (2) x=+/2E/ksinf def. (3) CO:J
4 ~ by def. (3) A
2F dx dO dx dx do k
1/—c:()sé?:v: = =) —=O w=—= |2
m dt dtdf do - dt m
L v | 5 o
__________________ by def. (3) I by (2) | : | divide this by _(_11
\C : AN . , J
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Isotropic Harmonic Oscillator phase dynamics in uniform-body

@
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:

TotalE:KE+PE:5mv2 +U(x)=

—my
2

(b)
Unit 1
Fig. 8.10
1-D 2-D or 3-D
1 (Paths are always 2-D

2 + — kx2 = const ellipses if viewed
2

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

right!)

Equations for x-motion , ,
[x®) c;fgd ;fx;l:(t)] we my’ . kx® L X pomisry GMm( 1" 3
given Jirst. 1 hey apply = — r)= 2
as well to dimensions 2E  2E \/ZE /m \/2E /k e '1?@ \2R; 2
Iv(t) and vy=v(1)] and HO"Spring-constant" (from p. 26)

g . 2 2 1. GM [ M,
[z(t) and v:=Vv(1)] in the 1 — my 4 kx _ (C089)2 n (Sin9)2 Ek:2R3 S0: W= G?
ideal isotropic case. 2FE 2F ¢ ¢

velocity: position: angular velocity:  jp

(

2F dx dO dx dx
‘/—0050=v= = =0 ——=0
m dt dt db do -

Lo | by def (3)

def- 3) ) =—
d
~ by def. (3) N\ ([ by integration for constant ®:
do k
w=—=,—||0=|odi=0t+c
| dt m
‘) \ |divide_t_}_z§§ byi-(-d JAN

J
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Lsotropic Harmonic Oscinaor makes tunneling ball track orbiting ball

i
|
|

////
W
8
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Lsotropic Harmonie Oscinaror makes balls in parallel tunnel track each other
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Lsowopic Harmonie Oseiaror makes balls in parallel tunnels track each other...

.even if track length is just g =Im so d~(1/12)micron

They all take about 84 minutes to go from right to left and back, again.

Thursday, March 3, 2016
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Lsowopic Harmonie Oseiaror makes balls in parallel tunnels track each other...

...even if track length is just g =Im so d=(1/12)micron

The all take about 84 minutes to go from right to left and back, again.

Most neutron starlet ( L= )orbits are centered ellipses
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Isotropic Harmonic Oscillator phase dynamics in uniform-body

0 x-velocity v,/m

(a) 1-D Oscillator Phasor Plot

1
[

|
\
)
velocity|v,/® < \ 2
3 3 / 3
/ D position \\ >( Unit 1
Ky y 4 4 x-position Fig. 8.10
Phasor goes \/ - 7& /
clockwise K ™S 5 clockwise
by angle ot \/ ~< \/ orbit
ol | -6 6 if x is behzndy
(b) 2-D Oscillator Phasor Plot ();9_ };z @a;e 45 \ /7/
. ehin -
[nl‘f‘OCl’M.Cl‘l.Ol'fl to Ph.a'asortv at our Y'p£51tlonm the y-Phase) 8 (1,B) (2}4) Left- /
Pirelli Relativity Site  en —— —0 Q 43,5 handed
N/( /\\o ’() Al 1due
WANN VAN | S I 1
y-velocily/ . 4 o [ counter-clockwise
v/w o V o O(6,8) if yis behznd X
- / / \ \ = T A7-7) /lght-
: O \ 0(8,-6) / handed /

& —
o \L/\:./ 07\)_—0(9,—5 ) \ /1

4

Phasor geometry of coordinate (x,y) and velocity (Vx,V,) spacely
with animation apps described ahead on p.69
hitp://www.uark.edu/ua/modphys/testing/markup/RelaWavity Web. html
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http://www.uark.edu/ua/modphys/testing/markup/RelaWavityWeb.html
http://www.uark.edu/ua/modphys/testing/markup/RelaWavityWeb.html
http://www.uark.edu/ua/pirelli/html/phasors_single_anim.html
http://www.uark.edu/ua/pirelli/html/phasors_single_anim.html
http://www.uark.edu/ua/pirelli/html/phasors_single_anim.html
http://www.uark.edu/ua/pirelli/html/phasors_single_anim.html

Introducing Isotropic Harmonic Oscillator (IHO) energy and frequency relations
= Constructing 2D-IHO orbits using Kepler anomaly plots
Mean-anomaly and eccentric-anomaly geometry with web-app animation
Calculus and vector geometry of IHO orbits
Constructing 2D-IHQO orbits using orbital phasor-clock plots
Phasor geometry of coordinate (x,y) and velocity (Vy, V) space with web-app animation
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Linear Harmonic

o
Force-Field Kepler’s
Orbits Mean Anomaly bsin of
(slope angle 04
a
Q
o7
-a Kepler’s -b a cos Mt

Ecce‘qtric Anomaly Line
(slope 1s polar angle p=atyn[y/x])

Step 1. Draw concentric
circles of radius a and b

and a radius OA at angle Wt

from a-circle at Ot to x-axis

xX=a cos 0t

A

(014

;bo

r

b

Step 3. Draw horizontial line BR

Step 2. Draw vertical line AX ~ Jrom b-circle at ®t to line AX.
Intersection is orbit point R.

R

y=bsin 0t

a

AN

Unait 1
Fig. 9.1
(top 2/3’s)
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Linear Harmonic
Force-Field
Orbits

Kepler’s
Mean Anomas

E——
Line

-a

bsin ot

\ Kepler’s |
Anomaly Lipe

Eccen

Step 1. Draw concentric
circles of radius a and b

and a radius OA at angle ot

n

A

a cos Ot

Step 3. Draw horizontial line BR

Step 2. Draw vertical line AX Jfrom b-circle at ®t to line AX.
from a-circle at ot to x-axis

Intersection is orbit point R.
A

R

7 y=bsin ot

(% b a

AN

Step 4-N
Repeat

A
t b a
as often 0
as needed &\/S‘
\
\/l_Q

Unit 1
Fig. 9.1
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Introducing Isotropic Harmonic Oscillator (IHO) energy and frequency relations
Constructing 2D-IHQO orbits using Kepler anomaly plots
Mean-anomaly and eccentric-anomaly geometry with web-app animation
= Calculus and vector geometry of IHO orbits
Constructing 2D-IHQO orbits using orbital phasor-clock plots
Phasor geometry of coordinate (x,y) and velocity (Vy, V) space with web-app animation
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(a) Orbits

Calculus of [HO orbits ~ —

mean-anomaly ¢ of position vector r |

.
AN
\
AN

o

pasition |
I

|

a

/ \

: "x X acoswi |
radius vector .x = = — . =1
"y y bsinwt

COS¢<) ‘

/Tlme frame angle
0=01

bsin¢ J

Unit 1
Fig. 9.5
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(@) Orbits
Calculus of IHO orblts

To make velocity vector v
just rotate by n/2 or 90°

the mean-anomaly ¢ of position vector r,

R q’

pasition |

. "x X acosmt
radius vector .Y = = = _
"y y bsin wt
, Vy —am SN 't
velocity vector : v = = =
vy, bw cos wt

/Tlme frame angle
/ =t
(Mean Anomaly)

mean-anomaly ¢ of position vector r
rotated by n/2 or 90° is m.a. of vector v

(for m=1)

Unit 1
Fig. 9.5
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(a) Or bl’tS,,,/
Calculus of I[HO 01‘b1ts

To make velocity vector v

00\

just rotate by n/2 or 90°

e
pasition |

the mean-anomaly ¢ of position vector r“f

\accelel atton

\afo
N
_ Ty X acoswt
radius vector :r = = = .
"y Y bsin wt
) Yy —amsinwt
velocity vector : v = = =
vy, bw cos wt
: F a,
accelerationor force vector . —=a = =
. m a
or changeof velocity Y

|

sze frame angle
| (Mean Anomaly) Flg 9.5

acos¢ (\
bsin@ J

y

—aa)2 coswt

—ba)2 sinwt

acos(¢+ %’2

bsin(¢+ %)(

mean-anomaly ¢ of position vector r
rotated by n/2 or 90° is m.a. of vector v

(for m=1)

m.a. 0+m/2 of vector v rotated by
another /2 1s m.a. of vector a

v acos((p +2g)
: 2
bs1n(¢+ Q”)

T ar

v=sfr=——=

dr?
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Calculus of IHO orblts

(a) Orbits

To make velocity vector v

just rotate by n/2 or 90°

the mean-anomaly ¢ of position vector r’

acoswt

) /Time frame angle
/ D=1
(Mean Anomaly)

. rx X S (¢
radius vector :x = = = | —
"y Y bsinwt bsin¢g
. Vi —awsinwt dr acos| ¢+
velocity vector : v = — _ — =
vy bw coswt t bsin(¢+
. F ay —aw? cos wt
accelerationor force vector .:—=a = = ,
. a .
or change of velocity y —bw” sinwt
. _ ) Jy +aw sinwt da
jerk or changeof acceleration:j=| — —
Ty —bw’ cos w1 !

mean-anomaly ¢ of position vector r
rotated by n/2 or 90° is m.a. of vector v

Unit 1
Fig. 9.5

...and so forth...

T
? 1
) =
7:) (Jor ) m.a. &+1/2 of vector v rotated by
T | & :
2 ) another 1/2 is m.a. of vector a
( 27
v ) 2y acos(¢+ )
_— V=Y = —2 =
d dt bsin(¢ +2§ )
\
r )
o Py acos(¢+ 5 )
a=v=r-= —3 = ;
: n
dt \ bsm(¢)+ 5 )
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(a) Orbits |
Calculus of IHO orbits

To make velocity vector v
just rotate by n/2 or 90° /

the mean-anomaly ¢ of position vector r.

: x X
radius vector .x = = — .
"y Y bsinwt
: Yx —amsinwt
velocity vector : v = —
vy bw cos wt
. F a,
accelerationor force vector :—=a =
: a
or changeof velocity y
- S
jerk or changeof acceleration:j=| =
Ty
ix
inaugurationor changeof jerk :i=| —
i
y

/Time frame angle
/ =0t Unit 1
aCOS(D(\ (Mean Anomaly) Flg 05
= b mean-anomaly ¢ of position vector r
Sl rotated by n/2 or 90° is m.a. of vector v
T
CoS|O+ &~
L ((p 2
=—=yF= (for o =1)
dt bsin( o+ T ) < m.a. 0+1/2 of vector v rotated by
\ 2 another m/2 is m.a. of vector a
2n
—aw? cos vt a&v . d’r acos(¢+ 2 )
=—=V=r= —2 =
—bw? sinwt dt dt bsin(qb +2g)
\
3 ...and so forth...
+aw’ sinwt da . . . dr acos(¢+ 2 )
:—:a:V:l‘:—3 =
—bw’ cos i dt dt bsin((p +3g )
...and so on...
4r But, now it
4 . 4 acos( + ---DUL,
+aw " coswt :ﬂ:j:ﬁ:'\’"='i"=d r_ P42 repeats after 4
| — T
+bw” sinw? t dt bsin((/) +4§7r ) -derivatives
J
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Calculus of IHO orblts

To make velocity vector v

(a) Orbits

just rotate by n/2 or 90°

the mean-anomaly ¢ of position vector r,

Link = BoxlIt simulation of IHO orbits

: x X
radius vector .x = = — .
"y Y bsinwt
: Yx —amsinwt
velocity vector : v = —
vy bw cos wt
. F a,
accelerationor force vector :—=a =
: a
or changeof velocity y
- S
jerk or changeof acceleration:j=| =
Ty
ix
inaugurationor changeof jerk :i=| —
i
y

acosmt

Tlme frame angle
0=t
(Mean Anomaly)

= mean-anomaly ¢ of position vectorr .
bsing rotated by ni/2 or 90° is m.a. of vector v Unlt 1
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[Elliptical ﬂ [Orbits ﬂ ( Controls ) CContextual) (Set ISM) (User’s Guide)

RelaWavity orbit web-app _

Link — THO orbital time rates of change

Velocity v(qﬁ./w ~

P

cce

Geometry of Kepler anomalies for vectors [r(¢), v(¢), a(¢), j(®),] in coordinate (x,y) space
rendered by animation web-apps BoxIt and RelaWavity.
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Geometry of Kepler anomalies for vectors [r(¢), v(¢)] in coordinate (x,y) space

rendered by animation web-apps BoxIt and RelaWavity described below after p.70.
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Geometry of Kepler anomalies for vectors [r(¢), v(¢)] in coordinate (x,y) space
rendered by animation web-apps BoxlIt and RelaWavity described below after p.70.
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" Elliptical + | | Exegesis 4 ( Controls ) (Contextual) (Set ISM) (User's Guide)

RelaWavity exegeis web-app

RelaWavity Web Simulation

Ellipse/Exegesis

Geometry of dual ellipse Kepler anomalies for vectors [r(¢), p(¢)] and Y/a[r(®), p(®),] in coordinate
(x,y) space rendered by animation web-app in RelaWavity and described in Lect. 12-advanced.
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Geometry of Kepler anomalies for vectors [r(¢)] in coordinate (x,y) space
and 2-particle (x1,x2) space rendered by animation web-apps BoxlIt.

BoxlIt Web Simulation
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Geometry of Kepler anomalies for vectors [r(¢), v(¢), a(¢), j(¢),] in coordinate (x,y) space

and 2-particle (x1,x2) space rendered by animation web-apps BoxlIt. Boxlt Web Simulation - w/Derivatives
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and 2-particle (x1,x2) space rendered by animation web-apps BoxlIt.
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Introducing Isotropic Harmonic Oscillator (IHO) energy and frequency relations
Constructing 2D-IHQO orbits using Kepler anomaly plots
Mean-anomaly and eccentric-anomaly geometry with web-app animation
Calculus and vector geometry of IHO orbits
= Constructing 2D-IHO orbits using orbital phasor-clock plots
Phasor geometry of coordinate (x,y) and velocity (Vy, V) space with web-app animation
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Introducing Isotropic Harmonic Oscillator (IHO) energy and frequency relations
Constructing 2D-IHQO orbits using Kepler anomaly plots
Mean-anomaly and eccentric-anomaly geometry with web-app animation
Calculus and vector geometry of IHO orbits
Constructing 2D-IHQO orbits using orbital phasor-clock plots
= Phasor geometry of coordinate (x,y) and velocity (Vx,Vy) space with web-app animation
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Review of IHO orbital phasor “clock” dynamics in uniform-body

Inital velocity: v(0)= (3.0 8.0) v /0
1

i | Vx/(’) | \11 - —
B— —/10
[
v/a)
9 3 |
\ /
- \ 8 4/
7 5
6
y J | Y | |
- -
g — , , ,

Initial position: v(0)=(7.0 3.0)

BoxIt simulation of U(2) orbits
http://www.uark.edu/ua/modphys/markup/BoxItVVeb.html
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Review of IHO orbital phasor “clock” dynamics in uniform-body

Inital velocity: v(0)= (6.0 8.0)

phase lag:
Aa=ayx -ay =30°

40 Arbitrary initial position
r(0)=(x(0).y(0)

\ and initial velocity

V(0)=(vx(0),v4(0)

[}112 (1 hour

rbit for hour hand)

Usually have x and y
phasor circles of unequal size

12:40

l

l

Initial position: v(0)=(7.0 3.0)
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Review of IHO orbital phasor “clock” dynamics in uniform-body

Inital velocity: v(0)= (6.0 8.0)

phase lag:
A=y -0y =30 T T
| v)/;co :
e /
| -
12 (1 hour \] |
our | |
orbit for hour hand) |77 T —1T ] ] | ) [
I ?TW% ?
12.-40/’”5 / SN 7 -
= © X
\

l l

Initial position: v(0)=(7.0 3.0)

Arbitrary initial position

) r(0)=(x(0).y(0)

and initial velocity

V(0)=(vx(0),v4(0)

Usually have x and y
phasor circles of unequal size
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Review of IHO orbital phasor “clock” dynamics in uniform-body

Inital velocity: v(0)= (6.0 8.0)

phase lag:
Aa=ayx -ay =30°

[}112 (1 hour

rbit for hour hand)

12:40

Arbitrary initial position

) r(0)=(x(0).y(0)

2\ 40ancl initial velocity

V(0)=(vx(0),v4(0)

I

H Usually have x and y
/ phasor circles of unequal size

—/10

0

l

l

Initial position: v(0)=(7.0 3.0)
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Review of IHO orbital phasor “clock” dynamics in uniform-body

Inital velocity: v(0)= (6.0 8.0)

phase lag:
Aa=ayx -ay =30°

[}112 (1 hour

rbit for hour hand)

Arbitrary initial position

) r(0)=(x(0).y(0)

o 40ancl initial velocity

V(0)=(vx(0),v4(0)

] 3(}!11911[)/ have x and y

/| phasor circles of unequal size

12:40

i ‘ vx/(D ‘

; AN\ I/,
v)/:cu : ! W
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iy ]/ N l
= © X
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iy ) |

Initial position: v(0)=(7.0 3.0)
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Review of IHO orbital phasor “clock” dynamics in uniform-body

phase lag:
A=y -0y

=30°

[}112 (1 hour

rbit for hour hand)

12:40

Inital velocity: v(0)= (6.0 8.0)

i \ v/0 \
| [~ >\
i -
| S~—
\ | \3/
174 o } -
.y |
/ |
£
= © X
\
;3 R | |

Initial position: v(0)=(7.0 3.0)

Arbitrary initial position

7 r(0)=(x(0),y(0)
: ) 40“”61 initial velocity

V(0)=(vx(0),v4(0)

3U] ally have x and y

hasor circles of unequal size
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Review of IHO orbital phasor “clock” dynamics in uniform-body

Inital velocity: v(0)= (6.0 8.0)

phase lag-' i Arbitrary initial position
Ao=0y -0y =30° L1 71‘(0)=(Jc(0),y(0)
i f ) 40ancl initial velocity
e fﬁ\ e = vO0=020),0,00
i /\\T\\x / 3U] ally have x and y
i \ — / hasor circles of unequal size
| ¥ K / \ \4 I
i 410
h] 2 (1 hour | |
orbit for hour hand) | 201 /ZW 4 f}’;LO | | —
]:»'4 9 > \Z\* . P
] .] | \ \( ll
_ﬁ. \ O\ /L
12:40 /- AL /
= © X
\
r ~ d — Oo, , ,

Initial position: v(0)=(7.0 3.0)
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Review of IHO orbital phasor “clock” dynamics in uniform-body

Inital velocity: v(0)= (6.0 8.0)

Arbitrary initial position

) r(0)=(x(0).y(0)

A Oand initial velocity
v(0)=(vx(0),vy(0)

1 3U] ally have x and y

i hasor circles of unequal size

4:10

phase lag: | v/o
Ac=ou -0y =30 oo deo
| [~ >\ 2
e e
: \ —
TN | N
5 NN
2 (17 i \ \>< /\ 7 ab
hour 1 0 20405 Sl Bl
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Initial position: v(0)=(7.0 3.0)
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Review of IHO orbital phasor “clock” dynamics in uniform-body

phase lag:
Aa=0y -0y =

Inital velocity: v(0)= (6.0 8.0)

[}112 (1 hour

rbit for hour hand)
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Initial position: v(0)=(7.0 3.0)

Arbitrary initial position

) r(0)=(x(0).y(0)

nd initial velocity

V(0)=(vx(0),v4(0)

»/ 3U] ally have x and y

hasor circles of unequal size
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Review of IHO orbital phasor “clock” dynamics in uniform-body with “home-made movie” examples

Thursday, March 3, 2016

82



IT /7N O\ X
(V) 12Q° N
I
,// \'\
) \ “' ‘\
‘I\ \\
v AR
X
N Q > X B,
llipsometryyContact Plots ™ 3 X

s. ]
Relative phase Ao=a_-0u :

[ Xy

AoF=15°
(Right-polarized apti-clockwise case)
Initial phase (0(‘ IZOO,OL)/:HSSO)

9]

V. /o
yo o

- )
/ AN - HE,A;},S@
I \\\ v
e
‘ ;\. : :‘ \\\ ) +75°
I A W / |
“ " P ) \ )
— f"'j / ;,' / ' ‘\‘
> /| C haose
/o \|
/] \5
— 7/ /o A ]
A \ - +120°
/ / . !
\, b // ;‘.’ . ) / /
d 30 3/ (0° : X +150°
IR (Vv |
) 4o~ e 165°
36(_)‘_3'2%%0" +300° +270° +24(0° +210° 180°

phase lag:
A= -0 =15°

W12 (172 hour
orbit for hour hand)

_0‘{50< Ao=0y -0y =15O<
30°

Thursday, March 3, 2016

83



o
S
>

2NN

pac \
V T ) “}‘
llipsometry Contact Plots w2 Q | — 3 X 2
VS. - K
1{ elative phase Ao=01_ -0 |
] x "y
Ao=15°

(Rightypolarized anti-clockwise case) ‘ —
\ | W12 (172 hour
1 [e} — o \ \ //’ .
il phase (,=120%4x =+1357 ‘ 4 orbit for hour hand)
.. dfter time advances by 30°: \ \
(o ,ZIZ.O°-30°:90°,ocy: +135°-30°=105°) \ . / \i /

y \-1 Qr\glés;tmo 125° _19 n° 105° s " o 50 515°o
- e _“v\::“?__ S — 015°< AOL:OLX —@y — ] 50
\ 30°

£ \ N S ase
/ AN : /// h \ 5
/ \\ Y, S/ : \ ‘v

: / \ +6oo

- A [\ ’ +75°

phase lag:
A= -0 =15°

~

w

6

V / (D — JV +90°

105 et LN nd e N S N 0 s
]1 .o A ’ // / ;’."’ R\ ” ;‘ | \ \\ /// A \i‘
— / / /N /

| +120°

’ /- 10:30 VAV AN s
- 450 165°
3605+330°  +300° +270°

¥ RN OSSO0
T 140°  +210° 180°
345 240

(S
Ny

T~
Thursday, March 3, 2016 84



>

—
Ny

O

phase lag:

/D ¢

//

Aa=0y -0, =15°

N—

N\

llipsometry Contact

VS.

relat ve phase Aoc=0cx

Ao=-15°

Y
<

(Right,

ipolarized anti-clock

ise case)

W12 (172 hour

BE:

tial phase (00 =120°,
A

fter time advances b

o =+135%)
5

60°:

our
orbit for hour hand)

=120°-609=60°,0._ 7
))

= +135°-60

5

w

~;°150< Aa=0y -0y =15°
30°

12.'37

+45°

+60°

V. /o
y

:30

S

+75°

4900

+105°

| +120°

+135°

Q

+150°
165°

24

+210° 180°

Thursday, March 3, 2016

85



11:

phase lag:
A= -0 =15°

200
JRPPR / 3 () ©
) 7 7 \
V909 T
Ellipsometry‘:rs(.lontact Plots A\ 'S :);(:) b, | X
Relative phage A0c=0cx-0cy |
. Bo-1se | o)
(Right-poltarized dnti-clockwise case) h12 (]/2 hour
/ our
Initial phase (P =120°0: =+135% / orbit fOI" hour hand)
...after time advances by 90°:
( ’ =120°-90 :300,0(1): +135°-90°=45°)
35° : 3 3615::)° Aa= —7]50°
| — -900 H15° OL_OLx 'Oéy - 5
e a— 30°
‘4 5 CIP/_ O\ _'\,\\I_ 3 _ — pb%§©
i \ \ \ 77+6(g
\ [ 90%)
o~ s
RN s
V / (€)) S:]‘ ;: ii‘ | N +90°
- / ! / / \\ ‘\
\ e | #105°
—_ /
- \ | +120°
// ‘;ff N\ / |
\ [ ] L H35°
302
+150°
Y — 165°
+240° +210° 180°

Thursday, March 3, 2016

86



phase lag:
A= -0 =15°

AN

Ellipsometry Contact

;:\f
=

\
N’/

VS.

Ao=-15°

Relative phase Aa=0. -0
Xy

3:00

X

(Right-polarized anti-clock

ise case)

W2 (172 hour

Initial phase (o0 =120°,

...after time advances b

0, =+135°)
)/

y 120°:

our
orbit for hour hand)

)

(oy =120°-120°=0°0.. 7

:+135°-]%

Al
=2

\

!
SF’15< Aa=0y -0y =]5°<
30°

+45°

+60°

12

+75°

V_ /ol
y

sV

4900

+105°

| +120°

+135°
+150°

Q

165°

T 40°

+210° 180°

Thursday, March 3, 2016

87



phase lag:
A= -0 =15°

AN

Ellipsometry Contact [k;
—_—

Relat

VS.

ve phase Ao=0a_-o.

Ao=-15°

Xy

(Right-polg

rized anti-clock)

ise case)

W12 (172 hour

Initial phase (0. =120° 00 =+135°)
X B

...after time advances by 150°:

our
, —;%g orbit for hour hand)

o

(o, =120°-150°=-30°,0

=+135°-
v

;152
f ~;°150< Ao=0y -0y =15O<
30°

\ F et

+45°

+75°

V_ /ol
y

:30

S

sV

4900

+105°

| +120°

+135°

+150°

Q

165°

T 40°

+210° 180°

Thursday, March 3, 2016

88



phase lag:

Aa=0y -0, =15°

AN

Ellips

A%
X
ometry Contact Plots  ~ =
?

Relat

Ao

vs.
ve phase Ao=0a_-o.

—15°

Xy

N

nitial

1t-pola

phase (

rized anti-clockwise case)

oL =120°,0, =+135°)
X B

W2 (172 hour

...after

time advances by /80°:

our
orbit for hour hand)

)

=120°-18

°=_60°0, = +135°-
X

180°=-45°)

o

5%,
~;°150< Ac=0y -0y =]5°<
30°

A )
J
T

+45°

+60°

+75°

12

6

4900

+105°

| +120°

+135°

+150°

165°

T 12400

+210° 180°

Thursday, March 3, 2016

89



11:

12
T phase lag:
@ = I\"\ / AOL:QLY -Qlv :]50
\ Vs - X
llipsometr)‘/rfontact Plots A\ > 9 | ’ X A x
Relative phase Ao=0._-o. \ e\ \
v o\
Ao=—15° e\ )
(Right-polarized anti-clockwise case) §
5L\ W2 (172 hour
Initial :)hase(oc'l:120,ocy‘/:+l35) /8/ \ Ol"blt fO]/‘ hOu]/' hand)
...after time advances by 270°:
(o, =120°-21 °:—9()O,0<y:+1350-2]0°:—75D) \ /
G.D;jmo 135° _1'n3 105° o g0 n 515‘(’)o
AT O , P15 Ao=0oy -0 =15°
(<1U") o < .
\ ) S
=, : : s
/ ¥ \ J \\ |
a0
[\ st \I )
Vy / 0|~ E A +90
\ — = il 105°
/ | +120°
P 135
30 )
S — P +1 500
o 3450~ e ey 165°
36(_)|_°3'2%§0° +300° +270° +240° +210° 180°

Thursday, March 3, 2016

90



AN

V
X
ometry Contact Plots  ~ =

Ellips "
Vvs. - v X
Relative phase Aa=0. -0
Xy
Ao=-15°
it-polarized anti-clockwise case)
nitial phase (0t =120°,00 =+135°)
X B
24
...after time advances by 240°:
o, =120°-240°=-120°, O’,y: +1359-240°=-105°
|
900
+45°
¥\ > +60°
- +75°
S:]‘ N +90°
\ § ) -. / “‘\
| - | H+105°
_ |
| +120°
A
- 3 0 +135°
x\m\\ . +1 500
= — 165°
+240° +210° 180°

phase lag:
A= -0 =15°

W12 (172 hour
our
orbit for hour hand)

5%,
~;°150< Ac=0y -0y =15O<
30°

Thursday, March 3, 2016

91



. @ \ SN phase lag:
2 R/ Ao o =15

\ ) ) '\,\‘
/ \

v -H_‘"-—.h,_& I“'\I

\ X o —— X

Elli P1 = B i |
ipsometry Contact Plots A\ o) B > X 1 X
VS. - — fi
Relative phase Ao=0._-0u \ —, 7/
oy o) o / /
Ao=-15° / 2 70 LT /]

(Right-polarized anti-clockwise case) \ y 7 —
\ /] W2 1/2 hour
ital phase (1, =120% =+135° ) "8:0 /1 orbit for hour hand)
L] / ‘jfl
...after time advances by 270°: // jf"

(o =120°-27 °:—150°,ocv: +1359-270°=-135°) /

~

150°-135° -120 5° -3 615:)° o
) = " % sl A=y -Qly =15

/ N < X
// !

+60°

7
I
=)
1 S
= N
-]
(=)
o
=
A
W
[
Iy
b
=)
N
)
N
)

AW,
J

+75°

6
e

©+90°

12

V_ /ol

+105°

\"-. ALY N\ / ’/‘ +]20°

A 165°
36(_{3‘2%%0° +300° +270° +240° +210° 180°

Q

Thursday, March 3, 2016 92



phase lag:

Aa=0y -0, =15°

AN

Ellips

ometry Contact [k;
—_—

Relat

vs.
ve phase Ao=0a_-o.

Xy
Ao=15°

nitial

it-polarized anti-clockwise case)

W12 (172 hour

...after

phase (00 =120°,00 =+135°)
X y

time advances by 300°:

our
orbit for hour hand)

)

=120°-300°=-180°, ()',y: +135¢

{

e

5%,
~;°150< Ac=0y -0y =15O<
30°

+45°

P

1)

+60°

+75°

:30

S

sV

4900

105°

| +120°

+135°

+150°

165°

T 40°

+210° 180°

Thursday, March 3, 2016

93



phase lag:

@I 1\ / Ao=0 -0n =15°

\ (3 57 O) M
\ (H\ S )
Ellipsometry Contact Plots ~\CE N ==l > X A
VS. - b -
Relative phase Aa=0. -0
Xy
Ao=—15°

(Right-polarized anti-clockwise case) —
\ W12 (172 hour

our
Initial phase (OLAZIZOO,OL):+1350 /8/ Orbit fOI" hOZ/lr hand)

...after time advances by 330°:
(o =120°-30 0:_2]()0::+15()o,0()1, +135°-330°=-195°=+165°) /

- 50
=4 X deg 590 §© _3 (e}
R ——— 00 = — » 015°< AOL:OCX -Qly =15 O<

s o N )
e\ / +60°

+75°

5o
=
1 O
= (D}
a0
(=3
[¢]
=
vl
N
o
1
=\
b}
S,
N
(6]
[¢]]
=

1)
b4
y

\!
6

V. /0 X | 4900
)

+105°

| +120°

+135°

N
\ \\

e T

"
345

2A0) +150°

e e 165°
+24(0° +210° 180°

Thursday, March 3, 2016 94



V_ /ol
y

12 ,
@ phase lag.
) O | m— 0] \ / -
@! \360 ) ‘ \0 ) ﬁ\ \ Aa=0u -0 =15°
\\ "’ \\\ \‘K
N\ \ ‘
\ X -
Ellipsometq‘:[s(.jontact Plots ~ o o) > X . X
Relative phage Aoc:(xx—(xy
AoF-15° Ui
(Right-polarized dnti-clockwise case)
\ W2 (172 hour
Initial phase (| ":1200,&}:4—1350) { Orbit for hOur hand)
..after time aJvances by 360°:
(o =120°-36 °:-24()°==+12()°,0Ly: +135°-360°=-225°=+135°) \
N £L0
Y \ Q 10314 0°-135° -120 50 6 o s0 30519
O =19U =1 T A T 0° — [
N 4\ - e 9 06 ' - % 15°< AOL_OLX -Oéy _] 5 ©
- = : 30°
C } N
/ . 3 ‘%?’45(@
4600
I ;A\ \ \\\ : 5
= ~ | of | 4900
C haose
| +120°
ez —¥ /noy (|
—~ N \ o~ 0 / /\ / Y +135°
| +150°
Y = lggf
°+33(0° e o +240° +210
36Q5:330° 4300 +270 240

Thursday, March 3, 2016

95



o
S
>

2NN

pac \
V T \ ) ““‘
llipsometry Contact Plots w2 ‘n ] — 3 X 2 |
VS. - 1
1{ elative phase Ao=01_ -0 |
] x "y
Ao=15°

(Rightypolarized anti-clockwise case) x : -
AN (12 (172 hour
: o . o ) \ /' !
i R LA ‘ 4 orbit for hour hand)
.. dfter time advances by 30°: \ \
(o1 =120>-309=90° 01 = +135°-30°=105°) \ / \i /

y \-1 Qr\glés;tmo 1250 _19 n° 105° ) " gno 50 5155,
T ‘"\—‘ :A?\' —— — 015°< AOL:OLX 'OCy = ] 5O<
‘ 30°

// \ Y ) B \\\ : .

/ NIV N +60°

;k\. A A\ J \ \ +750

phase lag:
Aa=0u -0 =15°

~

w

v o & x w0
yoo

L"\
“ ‘;1’
u
. )
~3
6

105==5_ — e e e e L N S S 5 | oS

7 i / | +120°
/f fg ; . P y ]
8 0 / / // \ N 2 N S y / / +135°

45°(_— - 165°
3605,+330°  +300° +270°

(S
Ny

O
7

T oa0e 42100 180°
34% 240 0

Thursday, March 3, 2016 96



>

—
Ny

O

phase lag:

/D ¢

//

Aa=0y -0, =15°

N—

N\

llipsometry Contact

VS.

relat ve phase Aoc=0cx

Ao=-15°

Y
<

(Right,

ipolarized anti-clock

ise case)

W12 (172 hour

BE:

tial phase (00 =120°,
A

fter time advances b

o =+135%)
5

60°:

our
orbit for hour hand)

=120°-609=60°,0._ 7
))

= +135°-60

5

w

~;°150< Aa=0y -0y =15°
30°

12.'37

+45°

+60°

V. /o
y

:30

S

+75°

4900

+105°

| +120°

+135°

Q

+150°
165°

24

+210° 180°

Thursday, March 3, 2016

97



11:

phase lag:
A= -0 =15°

200
JRPPR / 3 () ©
) 7 7 \
V909 T
Ellipsometry‘:rs(.lontact Plots A\ 'S :);(:) b, | X
Relative phage A0c=0cx-0cy |
. Bo-1se | o)
(Right-poltarized dnti-clockwise case) h12 (]/2 hour
/ our
Initial phase (P =120°0: =+135% / orbit fOI" hour hand)
...after time advances by 90°:
( ’ =120°-90 :300,0(1): +135°-90°=45°)
35° : 3 3615::)° Aa= —7]50°
| — -900 H15° OL_OLx 'Oéy - 5
e a— 30°
‘4 5 CIP/_ O\ _'\,\\I_ 3 _ — pb%§©
i \ \ \ 77+6(g
\ [ 90%)
o~ s
RN s
V / (€)) S:]‘ ;: ii‘ | N +90°
- / ! / / \\ ‘\
\ e | #105°
—_ /
- \ | +120°
// ‘;ff N\ / |
\ [ ] L H35°
302
+150°
Y — 165°
+240° +210° 180°

Thursday, March 3, 2016

98



Kepler“laws” (Some that apply to all central (isotropic) F(r) force fields)

= Angular momentum invariance of IHO: F(r)=-k-r with U(r)=kr*/2 (Derived here)
Angular momentum invariance of Coulomb: F(r)=-GMm/r’ with U(r)=-GMm-/r (Derived in Unit 5)
lotal energy E=KE+PE invariance of IHO: F(r)=-k-r (Derived here)
Total energy E=KE+PE invariance of Coulomb: F(r)=-GMm/r’ (Derived in Unit 5)
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Some Kepler's “laws” for central (isotropic) force F(r)

...and certainly apply to the IHO: F(r)=-k-r with U(r)=k-r?/2 (Recall p.19: k:G4—”mp@)
Unit 1

0 | = [ = » t :/w/%q)— Fig. 9.8
- a /ﬂ&ﬁ% \%zb ® —

1. Area of triangle £ =r X v/2 is constant

{

i

rxv= rxvy — ryvx = aCOS ot - (ba) COS a)f)—bSIHQ)t . (—Cla) sma)t) =ab-w l/fOV THO

.
o’

Ty _( X J_ acosa;t v —aa)°sina)t
"y Y bsinwt..- Vy "’-ba)COSa)l‘

Thursday, March 3, 2016 100



Some Kepler's “laws” that apply to any central (isotropic) force F(r)

...and certainly apply to the IHO: F(r)=-k-r with U(r)=k-r?/2 (Recall p.19: k:G4—”mp@)
Unit 1

0 | = [ = » t :/w/%q)— Fig. 9.8
e /ﬂ@fﬁ% \%}b . S

1. Area of triangle £, =r X v/2 is constant

{

i

rXv=rv —rv.=acosot-(bwcoswt)—asinwt-(—bwsimwt)=ab-w
X"y y X ( ) ( ) l/fOV[HO

2. Angular momentum L =mr Xv 1s conserved

L:mlrxvI:m(rxvy—ryvx)zm-ab-a) L~ for [HO

\

rxv| =rvsing, |

rev| =r1-COSX,
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Some Kepler's “laws” that apply to any central (isotropic) force F(r)

...and certainly apply to the IHO: F(r)=-k-r with U(r)=k-r?/2

(Recall p.19: k=Gmp,)

: Unit 1
f—0 . _ Fig. 9.8
~ | a S~ | T hsho
1. Area of triangle £, =r X v/2 is constant
rXV=ry —rv, =dacosit (ba) cosa)t) —asint - (—ba) sina)t) =ab-o L~ for IHO
2. Angular momentum L = mr X v 1s conserved
L=mIr><VIzm(rxvy—ryvx)zm-ab-a) L~ for IHO
3. Equal area 1s swept by radius vector in each equal time interval T
T r X dr T T
rXdr r rXxv L L
AT:J _ dtdt:J' dtZ—JdIZ— L~ for IHO
2 2 2 2m 2m
dr L
. dr, \-.
1Xdr| =rdr-sin r
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Some Kepler's “laws” that apply to any central (isotropic) force F(r)
...and certainly apply to the IHO: F(r)=-k-r with U(r)=k-r’/2 (Recall p.19: k:G4—”mp@)
Unit 1

0 | = [ = » t :/1:;/%(1)— Fig. 9.8
- a /ﬂ&ﬁ% \%zb ® —

1. Area of triangle £, =r X v/2 is constant

{

i

rXV=ry —ry, = acosa)t-(ba) cosa)t)— asina)t-(—ba) sina)t) =ab-w

L~ for IHO
2. Angular momentum L = mr XV 1s conserved
21
L:mrXV=m(rxvy—ryvx)zm-ab-a)=m-ab-— " for IHO
T

3. Equal area 1s swept by radius vector in each equal time interval T

T TY X @ T T
AT:Jerr: dtdt:frxvdtzijdtzi L~ for IHO

2 2 2 2m = 2m

1 2m 2mA L . .
In one period: T=—= r_ A, the area 1s: A_ = bl (=ab- -7 for ellipse orbit)

VDV @ L 2m
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Some Kepler's “laws” that apply to any central (isotropic) force F(r)
...and certainly apply to the IHO: F(r)=-k-r with U(r)=k-r’/2 (Recall p.19: k:G4—”mp@)
Unit 1

0 | = [ = » t :/1:;/%(1)— Fig. 9.8
- a /ﬂ&ﬁ% \%zb ® —

1. Area of triangle £, =r X v/2 is constant

{

i

rXV=ry —ry, = acosa)t-(ba) cosa)t)— asina)t-(—ba) sina)t) =ab-w

L~ for IHO
2. Angular momentum L = mr XV 1s conserved
21
L:mrXV=m(rxvy—ryvx)=m-ab-a)=m-ab-— v for IHO
T
3. Equal area 1s swept by radius vector in each equal time interval T
T TY X @ T T
AT:Jerr: dtdt:frxvdtzijdtzi L~ for IHO
2 2 2 2m 2m
1 2m 2mA L
In one period: T=—= r_ A, the area 1s: A_ = bl (=ab- -7 for ellipse orbit)
vV O L 2m

( Recall from Lecture 7: @ =~k/m=\Gpy4n/3 )
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Kepler“laws” (Some that apply to all central (isotropic) F(r) force fields)

Angular momentum invariance of IHO: F(r)=-k-r with U(r)=k-r’/2 (Derived here)
= Angular momentum invariance of Coulomb: F(r)=-GMm/r> with U(r)=-GMm-/r (Derived in Unit 5)
lotal energy E=KE+PE invariance of IHO: F(r)=-k-r (Derived here)
Total energy E=KE+PE invariance of Coulomb: F(r)=-GMm/r’ (Derived in Unit 5)
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Some Kepler's “laws” that apply to any central (isotropic) force F(r)
Apply to IHO: F(r)=-k-r with U(r)=k-r*/2 and Coulomb: F(r)=-GMm/r’ with U(r)=-GMm-/r

Coulomb. S — @ s oA
. [ = 5 : — f?ﬂ@‘(ﬁ f:/w/%(ﬂ‘ /‘_\
THO. \y \ \ r v=b ®

\4
r

1. Area of triangle £ =r X v/2 is constant

-

ab-\|Gpy4rw/3  for IHO e for IHO

IXV=ry —ry, =3 o
a b\/ GM@ fOl" Coul. (Derived in Unit 5) b~ for Coul.
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Some Kepler's “laws” that apply to any central (isotropic) force F(r)
Apply to IHO: F(r)=-k-r with U(r)=k-r*/2 and Coulomb: F(r)=-GMm/r’ with U(r)=-GMm-/r

t=0g=v sy
Coulomb: Z\D / g_ = v/r x\
[ = | = [ = =
1. Area of triangle £} =r X v/2 is constant
ab-\|Gp,4r /3  for IHO
FXV=ry —ry, =\ \/ Po J L~ for [HO

a"b\|GM

fOV Coul. (Derived in Unit 5) b~ for Coul.

2. Angular momentum L = mr X v 1s conserved

L=mr><v=m(rxvy—ryvx):4

-

mab-\|Gpy4r /3  for [HO L~ for IHO

ma”""b\JGM

for Coul. (.. in nit 5) " for Coul
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Some Kepler's “laws” that apply to any central (isotropic) force F(r)
Apply to IHO: F(r)=-k-r with U(r)=k-r*/2 and Coulomb: F(r)=-GMm/r’ with U(r)=-GMm-/r

t=10 ,,,.»v"\ /\V
Coulomb: La Ty /
;= — -
IHO: b i
| a N~

1. Area of triangle £} =r X v/2 is constant

-

FXV=ry —ry, =-

ab-\|Gpy4m/3  for IHO

a"b\|GM

2. Angular momentum L = mr X v 1s conserved

L=mr><v=m(rxvy—ryvx):4

-

3. Equal area 1s swept by radius vector in each equal time interval T

In one period:

1 27 2mA, 2mab-m

T=—= = <
vV @ L L
Applies to Applies to
any central IHO and
F(r) Coulomb

(

mab-\|Gpgy4r /3  for IHO

for Coul. (.. in nit 5) " for Coul

ma”""b\JGM

2mab-m

m-ab-\/Gp@47r /3

2mab-1w

ma”""b\|GM

— —
il
v=b ®
L~ for IHO

fOr Coul. (Derived in Unit {Derived in Unit 5) L~ for Coul.

L~ for IHO
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Some Kepler's “laws” that apply to any central (isotropic) force F(r)

a?b\GM,  for Coul.

2. Angular momentum L = mr X v 1s conserved

-

Apply to IHO: F(r)=-k-r with U(r)=k-r*/2 and Coulomb: F(r)=-GMm/r’ with U(r)=-GMm-/r
t=0 = v
- VI
[ = = = —
y \ \ r V:b (6)
1. Area of triangle £} =r X v/2 is constant
ab-\|Gp,4r /3  for IHO

FXV=ry —ry =< \/ Po L~ for [HO

(Derived in Unit ij)erived in Unit 5) l/fOV Coul.

L=mrXv= m(rxvy —ryvx):

mab-\|Gpgy4r /3  for IHO

ma”""b\JGM

3. Equal area 1s swept by radius vector in each equal time interval T

L~ for IHO

for Coul. (.. in nit 5) " for Coul

In one enod: ( 2m. - TT 27r (not a function of a or b)

g 4y for IHO
|_2m_2mA, _2mab-m _| meb\Gpydn/3 JGpAmiie_
T= =< T T that is Wrro

vV W L L 2map-x 27
Applies to Applies to “1n — T 3n fOl" Coul
any central THO and m-:d /b\ / GM@ A / GM@ \
F(r) Coulomb S that is Wcoul

Thursday, March 3, 2016

109



Kepler“laws” (Some that apply to all central (isotropic) F(r) force fields)

Angular momentum invariance of IHO: F(r)=-k-r with U(r)=k-r’/2 (Derived here)
Angular momentum invariance of Coulomb: F(r)=-GMm/r’ with U(r)=-GMm-/r  (Derived in Unit 5)
== Total energy E=KE+PE invariance of IHO: F(r)=-kr (Derived here)
Total energy E=KE+PE invariance of Coulomb: F(r)=-GMm/r’ (Derived in Unit 5)
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Kepler laws involve X-momentum conservation in isotropic force F(r)

Now consider orbital energy conservation of the IHO: F(r)=-k-r with U(r)=k-r’/2

Total energy=KE + PE 1s constant

KE + PE = lV-M-V + lr-K-r
2 2
B 1( ) m 0 Ve ( ) k O ¥y
=—| v, Vv, |e ° +| 1. 1 e °
2 0 m v, 0 % 7,
— lmv +lmv + lkl"i +lk1’2
2 2 2 2 7

Vy —awsinwt § | | x | | acoswt
v, b coswt ry Y bsinwt

1 1 1
= —m(—awsinwt)’ + Em(ba) coswt)’ + > k(acoswt)” + > k(bsinwt)’
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Kepler laws involve X-momentum conservation in isotropic force F(r)

Now consider orbital energy conservation of the IHO: F(r)=-k-r with U(r)=k-r’/2
Total IHO energy=KE + PE 1s constant

KE + PE = lV-M-V + lr-K-r
2 2
B 1( ) m 0 Ve ( ) k O ¥y
=—| v, Vv, |e ° +| 1. 1 e °
2 0 m v, 0 % 7,
— lmv +lmv + lkl"i +lk1’2
2 2 2 2 7

1 1 1 1
= Em(—aa) sinwt)” + Em(ba) coswt)’ + > k(acoswt)” + > k(bsinwt)’

1 : 1 1 | :
= Emazwz(smz wt) + —mbzcoi(c:os2 W)’ + Ekaz(c:os2 wt) + Ekbz(sm2 wt)

1 |

= Ema)z(a2 + blz) Given : k= mm’
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Kepler laws involve X-momentum conservation in isotropic force F(r)

Now consider orbital energy conservation of the IHO: F(r)=-k-r with U(r)=k-r’/2
Total IHO energy=KE + PE 1s constant

KE + PE = lV-M-V + lr-K-r
2 2
B 1( ) m 0 Ve ( ) k O ¥y
=—| v, Vv, |e ° +| 1. 1 e °
2 0 m v, 0 % 7,
— lmv +lmv + lkl"i +lk1’2
2 2 2 2 7

1 1 1 1
= Em(—aa) sinwt)” + Em(ba) coswt)’ + > k(acoswt)” + > k(bsinwt)’

1 1 1 1
= 5 mazcozl(sin2 wt) + 5 mb’*®* (cos” mt)* + 5 ka®(cos’ wt) + 5 kb*(sin” wt)
I
1 I I
= Ema)z(a2 +b%) Given : k = mw’

1 1 /
E=KE+PE:5ma)2(a2+b2)=5k(a2+b2) since: @ = L3 :\/Gp@47r/3 or: mw’ =k
m
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Kepler“laws” (Some that apply to all central (isotropic) F(r) force fields)

Angular momentum invariance of IHO: F(r)=-k-r with U(r)=k-r’/2 (Derived here)
Angular momentum invariance of Coulomb: F(r)=-GMm/r’ with U(r)=-GMm-/r  (Derived in Unit 5)
lotal energy E=KE+PE invariance of IHO: F(r)=-k-r (Derived here)
== Total energy E=KE+PE invariance of Coulomb: F(r)=-GMm/r (Derived in Unit 5)
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Kepler laws involve X-momentum conservation in isotropic force F(r)
Now consider orbital energy conservation of the IHO: F(r)=-k-r with U(r)=k-r’/2
Total IHO energy=KE + PE 1s constant

KE + PE = lV-M-V + lr-K-r
2 2
B 1( ) m 0 Vs ( ) kK O Fy
=—( v, v, | o + 1, e o
2 0 m v, 0 k 7,
= lmv +lmv + lkri +lkr2
2 2 2 2 7

1 1 1 1
= Em(—aa) sinwt)” + Em(ba) coswt)’ + > k(acoswt)” + > k(bsinwt)’

1 1 1 1
= Emaza)zl(sin2 wt) + Embzwz(cos2 W)’ + Ekaz(cos2 wt) + 5 kb*(sin” wt)
I
1 I I
= Ema)z(a2 +b%) Given : k = mw’

1 1 /
E=KE+PE=5ma)2(a2+b2)=5k(a2+b2) since: M = L3 :\/Gp@47t/3 or: mw’ =k
m

We'll see that the Coul. orbits are simpler: (like the period..not a function of b)
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Kepler laws involve X-momentum conservation in isotropic force F(r)
Now consider orbital energy conservation of the IHO: F(r)=-k-r with U(r)=k-r’/2
Total IHO energy=KE + PE 1s constant

KE + PE = lV-M-V + lr-K-r
2 2
B 1( ) m 0 Vs ( ) kK O Fy
=—( v, v, | o + 1, e o
2 0 m v, 0 k 7,
= lmv +lmv + lkri +lkr2
2 2 2 2 7

1 1 1 1
= Em(—aa) sinwt)” + Em(ba) coswt)’ + > k(acoswt)” + > k(bsinwt)’

1 1 1 1
= Emaza)zl(sin2 wt) + Embzwz(cos2 W)’ + Ekaz(cos2 wt) + 5 kb*(sin” wt)
I
1 I I
= Ema)z(a2 +b%) Given : k = mw’

1 1 /
E=KE+PE=5ma)2(a2+b2)=5k(a2+b2) since: M = L3 :\/Gp@47r/3 or: mw’ =k
m

We'll see that the Coul. orbits are simpler: (like the period..not a function of b)
1 1 k1 1 M M
EZKE+PE=—mv2x+—mv2 ——=—mv2x+—mv2 _G @m:_G oMM
2 2 r 2 2 7 r a
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Inital velocity: v(0)=(

\ v./®

~

Y
v
o < X
\ ’ Z
| 4 | I
Initial position: v(0)=( , )
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