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Chapter	15	
	

Equations	and	Definitions	
	
					
Properties of a Single Rotar  

Aβ	ൌ	
௅೛
	ఒ೎
	ൌ	Tpωc	ൌ	ට

2݉ܩ
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௉೎
௉೛
											Aβ	ൌ	rotar	strain	amplitude						

	ൌ	௖ߣ
ħ

௠௖
	ൌ	

௖

ఠ೎
	ൌ	

ħ௖

ா೔
		ൌ	

௅೛మ

ோೞ
	ൌ	

௅೛
஺ഁ
	radiusሻ	ሺCompton	radius	rotar	ൌ	௖ߣ																																		

ωc	ൌ	
௠௖మ

ħ
	ൌ	

௖

ఒ೎
		ൌ	Aβωp																																					ωc	ൌ	Compton	angular	frequency	

Ei	ൌ	mc2	ൌ	ωcħ	ൌ	
ħ௖

ோ೜
	ൌ	

௉೎
ఠ೎
	ൌ	Fmߣ௖	ൌ	AβEp												Ei	ൌ	internal	energy	

m	ൌ	
ா೔
௖మ
	ൌ	

ħ

	ఒ೎௖
	ൌ	

ఠ೎ħ

௖మ
		ൌ	Tp2ωcZs	ൌ	Aβmp																	m	ൌ	rotar	mass	

Pc	ൌ	Ei	ωc	ൌ	ωc2ħ	ൌ	
ா೔
మ

ħ
	ൌ	

ħ௖మ

ఒ೎
మ 	ൌ	

௠మ௖ర

ħ
	ൌ	Aβ2Pp						Pc	ൌ	circulating	power	

Fm	ൌ	
௠మ௖య

ħ
	ൌ	ħ௖

ఒ೎
మ	ൌ	

ħఠ೎
మ

௖
	ൌ	Aβ2Fp																														Fm	ൌ	maximum	force	at	distance	ߣ௖	

Uq	ൌ	
ா೔
ఒ೎
య	ൌ	

௠ర௖ఱ

ħయ
	ൌ	

௔೒మ

ீ
	ൌ	Aβ4Up																																	Uq	ൌ	rotar	volume	energy	density	

βq	ൌ	
ீ௠మ

ħ௖
	ൌ	Aβ2																	βq	ൌ	gravitational	magnitude	at	rotar	radius	

ࣨ	ൌ	
௥

ఒ೎
	ൌ	

௥௠௖

ħ
																			ࣨ	ൌ	distance	ሺrሻ	from	a	rotar	expressed	as	the	number	of	ߣ௖	units		

Ae	ൌ		
√ఈ௅೛ఒ೎
௥మ

		ൌ	√ߙ	
ுഁ
ࣨమ			Ae	ൌ	electromagnetic	standing	wave	strain	amplitude	ሺoscillatingሻ	

Aॱ	ൌ	√ߙ
௅೛
௥
	ൌ	√ߙ

ߚܪ
ࣨ
						Aॱ	ൌ	electromagnetic	non‐oscillating	strain	amplitude	

Ag	ൌ	
௅೛మ

௥మ
	ൌ		

ߚܪ
2

ࣨ2																Ag	ൌ	gravitational	standing	wave	strain	amplitude	oscillating	at	2ωc	

AG	ൌ	β	ൌ	
݉ܩ
ݎ2ܿ

	ൌ	
ுഁ
మ

ࣨ
									AG	ൌ	gravitational	non‐oscillating	strain	amplitude	

Af	ൌ		
௅೛
௥
																															Af		ൌ	hypothetical	fundamental	amplitude	before	cancelation	

	
5 Wave-Amplitude Equations 
ࣣ		ൌ	k	A2	ω2	Z																							ࣣ	ൌ	intensity	ሺw/m2ሻ	
U	ൌ	k	A2	ω2	Z/c	ൌ	ℙ									U	ൌ	energy	density	ሺJ/m3ሻ										ሺU	ൌ	ࣣ/cሻ	and	U	ൌ	ℙ	
E	ൌ	k	A2	ω2	Z	V/c															E	ൌ	energy	ሺJሻ																																ሺE	ൌ	ࣣV/cሻ	
P	ൌ	k	A2	ω2	Z	ࣛ																		P	ൌ	power	ሺJ/sሻ																													ሺP	ൌ	ࣣࣛሻ	
F	ൌ	k	A2	ω2	Z	ࣛ/c														F	ൌ	force	ሺNሻ																																		ሺF	ൌ	ࣣࣛ/cሻ	
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Planck	Units	
Lp	ൌ		Planck	length																											Lp	ൌ	Tpc	ൌ	ඥħG/cଷ																																	1.616	ൈ	10‐35	m	
mp	ൌ	Planck	mass																												mp	ൌ	ඥħc/G																																																							2.176	ൈ	10‐8	kg	

Tp	ൌ		Planck	time																													Tp	ൌ	Lp/c	ൌ	ඥħG/cହ																																	5.391	ൈ	10‐44	s	
qp	ൌ		Planck	charge																									qp	ൌ	e/√ߙ	ൌ	ඥ4πε୭ħc																										1.876	ൈ	10‐18	Coulomb	
Ep	ൌ		Planck	energy																									Ep	ൌ	mpc2	ൌ	ඥħcହ/G																														1.956	ൈ	109	J	
ωp	ൌ	Planck	angular	frequency			ωp	ൌ	1/Tp	ൌ	ඥcହ/ħG																														1.855	ൈ	1043	s‐1	
Fp	ൌ		Planck	force																													Fp	ൌ	Ep/Lp	ൌ	c4/G																									1.210	ൈ	1044	N	
Pp	ൌ		Planck	power																										Pp	ൌ	Ep/Tp	ൌ	c5/G																									3.628	ൈ	1052	w	
pp	ൌ		Planck	momentum																pp	ൌ	Ep/c	ൌ	ඥħcଷ/G																					6.525	kg	m/s								
Up	ൌ		Planck	energy	density										Up	ൌ	Ep/Lp3	ൌ	c7/ħG2																			4.636	ൈ	10113	J/m3	
ℙp	ൌ		Planck	pressure																					ℙp	ൌ	Fp/Lp2	ൌ	c7/ħG2																			4.636	ൈ	10113	N/m2		ሺൌ	Upሻ	
ॻp	ൌ		Planck	temperature													ॻp	ൌ	Ep/kB	ൌ	ඥħܿହ/݇ܩ஻

ଶ													1.417	ൈ	1032	°K	
Ap	ൌ		Planck	acceleration															Ap	ൌ	c/Tp	ൌ	ඥܿ଻/ħܩ																				5.575	ൈ	1051	m/s2	
ρp	ൌ		Planck	density																									ρp	ൌ	mp/Lp3	ൌ	c5/ħG2																		5.155	ൈ	1096	kg/m3	
ॽp	ൌ	Planck	electrical	potential			ॽp	ൌ	Ep/qp	ൌ		ඥcସ/4πε୭G				 1.043	ൈ	1027	V	
ॱp	ൌ	Planck	electric	field															ॱp	ൌ	Fp/qp	ൌ	ඥܿ଻ ⁄ଶܩ௢ħߝߨ4 							6.450	ൈ	1061	V/m	
९p	ൌ	Planck	magnetic	field											९p	ൌ	Zs/qp	ൌ	ඥߤ௢ܿ଻ ⁄	ଶܩħߨ4 						2.152	ൈ	1053	Tesla	
ॴp	ൌ		Planck	current																									ॴp	ൌ	qp/Tp	ൌ	ඥ4ߝߨ௢ܿ଺ ⁄ܩ 												3.480	ൈ	1018	amp	
Zp	ൌ		Planck	impedance																	Zp	ൌ	ħ/qp2	ൌ	1/4πεoc																			29.98	Ω	
	
	
Gravitational Г and β (excludes cosmology equalities) 

Г	≡	
ௗ௧

ௗఛ
		ൌ		

ଵ

ටଵିቀ
మಸ೘
೎మೃ

ቁ
			ൌ	 ଵ

ଵ	–	ఉ
																																	Г	ൌ	gravitational	gamma	

Г	ൎ	1	൅		
ீ௠

௖మ௥
		ൎ	1	൅	β																																														ሺweak	gravity	approximationsሻ	

β	≡	1	–	
ௗఛ

ௗ௧
		ൌ 1 െ ට1	– ݉ܩ2

ܿ2ܴ
		ൌ	1	–	1/Г												β	ൌ	gravitational	magnitude	

β	ൎ	
ீ௠

௖మ௥
		ൎ	

௚௥

௖మ
	ൎ	

ோೞ
௥
																																																			ሺweak	gravity	approximationሻ	

βq	ൌ	Hβ2	ൌ	
ீ௠మ

ħ௖
																																																βq	ൌ	gravitational	magnitude	in	a	rotar	at	ߣ௖	

 
Properties of Spacetime  

Zs	ൌ	
௖య

ீ
	ൌ	4.038	ൈ	1035	kg/s																			Zs	ൌ	impedance	of	spacetime	

Ks	ൌ	
ி೛
ఒమ
																																																		Ks	ൌ	bulk	modulus	of	spacetime	ሺK	≡	 ௱ℙ

௱௏ ௏⁄
ሻ	

Ui	ൌ	
௖మఠమ

ீ
	ൌ	

ி೛
ఒమ
	ൌ	൬ ఠ

ఠ೛
൰
ଶ

ܷ௣																						Ui	ൌ	interactive	energy	density	of	spacetime	

Amax	ൌ	
௅೛
ఒ
	ൌ	Tpω							Amax	ൌ	maximum	displacement	amplitude	of	a	dipole	wave	in	spacetime	
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Charge Conversion Constant 

η	≡	
݌ܮ
݌ݍ
ൌ	

√ఈ௅೛
௘

	ൌ	ට
ଵ

ସగఌ೚ி೛
	ൌ	8.617	ൈ	10‐18	m/Coulomb						η	ൌ	charge	conversion	constant	

 
Characteristics of an Electron	
Aβ	ൌ	4.1851	ൈ	10‐23																																																											Aβ	ൌ	strain	amplitude	
	radius	rotar	ൌ	௖ߣ																																			m	10‐13	ൈ	3.8616	ൌ	௖ߣ
ωc	ൌ	7.7634	ൈ	1020	s‐1																																																				ωc	ൌ	Compton	angular	frequency	
υc	ൌ	1.2356	ൈ	1020	Hz																																				υc	ൌ	Compton	frequency	
Ei	ൌ	8.1871	ൈ	10‐14	J																																							Ei	ൌ	internal	energy	
me	ൌ	9.1094	ൈ	10‐31	kg																																	me	ൌ	electron’s	mass	
e	ൌ	1.6022	ൈ	10‐19	Coulomb																									e	ൌ	elementary	charge		
Pc	ൌ	6.3560	ൈ	107	w																																							Pc	ൌ	circulating	power	
Fm	ൌ	0.21201	N																																															Fm	ൌ	maximum	force	at	distance	of	ߣ௖	
Rs	ൌ	6.7635	ൈ	10‐58																																									Rs	ൌ	classical	Schwarzschild	radius	
U	ൌ	Ei/ߣ௖ଷ	ൌ	1.4218	ൈ	1024	J/m3																U	ൌ	energy	density	ሺcubic	–	ignores	constantሻ	
U	ൌ	ሺ3/4πሻEi/ߣ௖ଷ		ൌ	3.3942	ൈ	1023	J/m3		U	ൌ	energy	density	ሺsphericalሻ	
ࣵq	ൌ	9.7404	ൈ	106	m/s2																																ࣵg	ൌ	grav	acceleration	at	center	of	rotar	volume	
gq	ൌ	4.0764	ൈ	10‐16	m/s2																														gq	ൌ	gravitational	acceleration	at	ߣ௖	
ॴ	e	ൌ	eνc	ൎ	19.796	amps																																				ॴe	ൌ	equivalent	circulating	current	
९e	ൌ	3.22	ൈ	107	Tesla																																							९e	ൌ	internal	magnetic	field	
 
Some Useful Dimensional Analysis Conversions 
																																																																																															Dimensional	Analysis	Symbols:		
U	→	M/LT2															U	ൌ	energy	density																														M	ൌ	mass			
G	→	L3/MT2													G	ൌ	gravitational	constant																	L	ൌ	length			
ħ	→	ML2/T															ħ	ൌ	Planck	constant																													T	ൌ	time				
Zs	→	M/T																		Zs	ൌ	impedance	of	spacetime												Q	ൌ	charge	
Zo	→	ML2/TQ2									Zo	ൌ	impedance	of	free	space	
E	→	ML2/T2														E	ൌ	energy	
F	→	ML/T2															F	ൌ	force	
εo	→	T2Q2/ML3								εo	ൌ	permittivity		
μo	→	ML/Q2														μo	ൌ	permeability		
ॱ	→	ML/	T2Q											ॱ ൌ	electric	field	
ԯ	→	Q/LT																ԯ	ൌ	“H”	magnetic	field	ሺampere/meterሻ	
९	→	M/TQ																९	ൌ	“B”	magnetic	field	ሺTeslaሻ	
Ω	→	ML2/TQ2										Ω	ൌ	resistance	
ॽ	→	ML2/	T2Q									ॽ	ൌ	electrical	potential	ሺvoltage	relative	to	neutralሻ	
 
 
 
Normalized Transformations   
(assumes coordinate rate of time and proper length is coordinate length)
Lo	ൌ	Lg																		unit	of	length		
To	ൌ	Tg	/Г												unit	of	time		

Mo	ൌ	Mg	/Г										unit	of	mass		
Qo	ൌ	Qg																	charge	ሺcoulombsሻ		
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Θo	ൌ	Θg																	temperature		
Co	ൌ	Γ	Cg															normalized	speed	of	light		
dR	ൌ	dL/Γ											circumferential	radius		
Eo	ൌ	Γ	Eg															energy	
vo	ൌ	Γ	vg															velocity									
Fo	ൌ	Γ	Fg															force	
Po	ൌ	Γ	2	Pg												power	
Go	ൌ	Γ	3	Gg												gravitational	constant		
Uo	ൌ	Γ	Ug														energy	density	
ℙo	ൌ	Γ	ℙg														pressure	
ρo	ൌ	ρg/Г														density	
ωo	ൌ	Γ	ωg												frequency	
ko	ൌ	Γ	kg														Boltzmann’s	constant	

σo	ൌ	Γ2	σg												Stefan‐Boltzmann	constant			
ॴo	ൌ	Γॴg															electrical	current	
ॽo	ൌ	Γ	ॽg														electrical	potential		
εoo	ൌ	εog/Г											permittivity	of	vacuum	
µoo	ൌ	µog/Г										permeability	of	vacuum	
po	ൌ	pg																		momentum		
αo	ൌ	αg																		fine	structure	constant		
Ωo	ൌ	Ωg																	electrical	resistance		
९o	ൌ	९g																magnetic	flux	density			
Zoo	ൌ	Zog															impedance	of	free	space	
Zso	ൌ	Zsg																impedance	of	spacetime	

	
	
Transformation of Planck Units into Spacetime Units 
	
Planck	Units																								Standard	Conversion											Spacetime	Conversion	
Planck	length																													Lp	ൌ	ඥħܩ ܿଷ⁄ 																																		Lp	ൌ	cTp	
Planck	mass																														mp	ൌ	ඥħc/G																																			mp	ൌ	ZsTp	
Planck	frequency																					ωp	ൌ		ඥcହ/ħG																																ωp	ൌ	1/Tp	
Planck	impedance																			Zp	ൌ	1/4πεoc																																		Zp	ൌ	Zs	
Planck	charge																											qp	ൌ	ඥ4πε୭ħc																																qp	ൌ	cTp	
Planck	energy																										Ep	ൌ	ඥħcହ/G																																			Ep	ൌ	c2TpZs	
Planck	force																														Fp	ൌ	c4/G																																									Fp	ൌ	cZs	
Planck	power																											Pp	ൌ	c5/G																																									Pp	ൌ	c2Zs	
Planck	energy	density											Up	ൌ	c7/ħG2																																				Up	ൌ	Zs/cTp2	
	
Transformation of Standard Units into Spacetime Units                                                                       

η	≡	
݌ܮ
݌ݍ
ൌ	

√ఈ௅೛
௘

	ൌ	ට
ଵ

ସగఌ೚ி೛
	ൌ	8.617	ൈ	10‐18	m/Coulomb						η	ൌ	charge	conversion	constant	

Name																																																																																	Spacetime Conversion	
Elementary	charge	ሺeሻ																																																							e	ൌ	√ߙLp/η	ൌ	√ߙ	cTp/η	
Planck	charge	ሺqpሻ																																																												qp		ൌ	Lp/η	
Coulomb	force	constant	ሺ1/4πεoሻ																							1/4πεo	ൌ	cZs/η2				
Permeability	of	free	space	ሺμoሻ																														μo/4π	ൌ	η2Zs/c		
Electric	field	of	EM	radiation	ሺॱγሻ																																ॱγ	ൌ	Hωඥܼ௦ܼ௢	ൌ	HωZsη	
Magnetic	field	of	EM	radiation	ሺԯγሻ																											ԯγ	ൌ	Hωඥܼ௦ ܼ௢⁄ 	ൌ	Hω/η	
Impedance	of	free	space	ሺZoሻ																																								Zo		ൌ	η24π	Zs	
Planck	impedance	ሺZpሻ																																																				Zp	ൌ	η2Zs		
Planck	constant	ሺħሻ																																																												ħ	ൌ	c2Tp2Zs	ൌ	Lp2Zs	
Gravitational	constant	ሺGሻ																																															G	ൌ	c3/Zs			
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Useful Cosmic Information	
࣢	ൌ	2.29	ൈ	10‐18	m/s/m		ൌ	70.8	km/s/Mpc																					࣢	ൌ	Hubble	parameter	
1	parsec	ሺpcሻ	ൌ	3.086	ൈ1016	m	ൌ	3.262	light	years	
1	light	year	ሺlyሻ	ൌ	9.4607	ൈ1015	m	ൌ	6.3241	ൈ104	AU						
Solar	mass				1.989	ൈ1030	kg												Solar	radius			6.96	ൈ108	m	
Earth	mass					5.974	ൈ1024	kg	
Earth	radius			6.378	ൈ106	m	ሺequatorሻ	and	6.357	ൈ106	m		ሺpolarሻ	
Earth:	average	acceleration	of	gravity		9.807	m/s2				at	equator:		9.78	m/s2			
Earth	–	Sun	ሺmean	radial	distanceሻ					1.496	ൈ1011	m	ൌ	1	AU	
Milky Way galaxy; mass: (1.2 to 3) ×1042 kg; radius: ~50,000 ly; rotation rate ~ 200,000 years 
Sun distance to galactic center ~ 27,000 ly 
CMB ~ 2.735 °K, ~ 4	ൈ108	photons/m3, CMB energy density 4.2	ൈ10‐14	J/m3 
Sun’s motion relative to the CMB ≈ 369	km/s	 
Planck	spacetime:	Ups	ൌ	5.53	ൈ10112	J/m3,	quantized	energy	units:	½Ep	ൌ	9.78	ൈ108	J		 
 
	
Cosmology 

Гuሺtሻ	ൌ	auሺtሻ	ൌ
	ௗ௧

ௗఛೠ
																																								Гu	ൌ	background	gamma	of	the	universe	

Гuሺtሻ	ൌ	
௔ೠሺ௧ሻ

௔೛
	ൌ	

ௗ௅

ௗԹ
	

ԧ ൌ	
௖

Гೠ
మሺ௧ሻ

	ൌ	
ୢԹ

ୢ୲
ԧ	ൌ	coordinate	speed	of	light	in	the	universe	

C	≡	
ௗԹ

ௗఛೠ
		ൌ	c/Гu																																																																								C	ൌ	hybrid	speed	of	light	

		

࣢	ൌ		
೏ೌೠ
೏ഓೠ

௔೚
ൌ

೏Гೠ
೏ഓೠ

Гೠ೚
				or				࣢	ൌ		

௔ೠሶ

௔೚
ൌ

Гೠ
Гೠ೚

ሶ
												࣢	ൌ	Hubble	parameter		

										
ఒమ
ఒభ
ൌ

Гೠభ
Гೠమ

ൌ
జమ
జభ
ൌ

௔మ
௔భ
	ൌ	1	൅	z	

௎೛ೞ
௎೚್ೞ

	ൌ	Гuo3	ൈ	Гeq									
௎೛ೞ
		௎೚್ೞ

	ൌ	energy	density	ratio	‐	Planck	spacetime	/observable	spacetime	

Ups	≡	ቀ
ଷ

଼గ
ቁ ቀ

௖ళ

ħீమ
ቁ	ൎ	5.53	ൈ	10112	J/m3														Ups	ൌ	Planck	spacetime	energy	density	
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Symbol Definitions	ሺRoman alphabetሻ:	
	
A	ൌ	wave	amplitude	
ࣛ	ൌ	area	
ࣵ	ൌ	acceleration	
Af	ൌ	fundamental	amplitude	of	a	spacetime	wave	prior	to	any	cancellation	Af	ൌ	Lp/r	
Aβ	ൌ	strain	amplitude	in	the	rotar	volume	of	a	rotar	
Aβe	ൌ	wave	amplitude	required	for	a	rotar’s	electromagnetic	characteristics	at	ߣ௖		
Aβg	ൌ	amplitude	of	the	nonlinear	wave	at	distance	ߣ௖									ሺAβg	ൌ	Aβ2ሻ	
Aβw	ൌ	speculative	amplitude	of	the	weak	force	
Ae	ൌ	amplitude	of	the	wave	responsible	for	electric	field	of	charge	e			Ae	ൌ		√ߙ	Lpߣ௖/r2		

Aॱ	ൌ	electromagnetic	non‐oscillating	strain	amplitude	Aॱ	ൌ	√ߙ
௅೛
௥
	ൌ	√ߙ

ߚܣ
ࣨ
	ൌ	ॽ	

Aeq	ൌ	electric	field	standing	wave	amplitude	at	distance	ߣ௖							Aeq	ൌ	√ߙLp/ߣ௖		
Agw	ൌ	amplitude	of	a	gravitational	wave	ሺAgw	ൌ	2	ΔL/L	ൎ	k	G	ω2ᆩ	ε/c4	rሻ	
Amax	ൌ	maximum	strain	amplitude	permitted	for	a	dipole	wave	
ࣛo	ൌ	cross	sectional	area	in	bulk	modulus	calculation	
ao	ൌ	cosmological	comoving	scale	factor	at	the	present	time	
ap	ൌ	cosmological	scale	factor	of	Planck	spacetime	ሺwhen	tu	ൌ	1ሻ	
au	ൌ	cosmological	scale	factor	of	the	universe	relative	to	Planck	spacetime	
aem	ൌ	cosmological	scale	factor	at	emission		
aobs	ൌ	cosmological	scale	factor	at	observation	
ࣵg	ൌ	rotar’s	grav	acceleration	at	the	center	of	the	rotar	volume	
९	ൌ	“B”	magnetic	field;	magnetic	flux	density;	magnetic	induction	
९e	ൌ	electron’s	internal	magnetic	field						९e	ൎ	3.22	ൈ	107	Tesla																																							
९o	and	९g	ൌ		normalized	magnetic	flux	density	
c	ൌ	speed	of	light	ሺ3	ൈ	108	m/sሻ	
Co	ൌ	normalized	speed	of	light	in	zero	gravity	Co	ൌ	c	
Cg	ൌ	normalized	speed	of	light	in	gravity	Co	ൌ	Г	Cg	
Cr	ൌ	speed	of	light	in	the	radial	direction	relative	to	Co	
Ct	ൌ	speed	of	light	in	the	tangential	direction	relative	to	Co	
C	ൌ	hybrid	coordinate	speed	of	light	C	ൌ	dԹ/dτu	
ԧu	ൌ		cosmological	coordinate	speed	of	light		ԧu	ൌ	dԹ/dt	ൌ	c/Γu2	
ԧ1	ൌ		cosmological	coordinate	speed	of	light	for	Γu	ൌ	1			
ऍT	ൌ	coordinate	speed	of	light	in	the	tangential	direction	ሺSchwarzschild	metric	dR	ൌ	0ሻ	
ऍR	ൌ	coordinate	speed	of	light	in	the	radial	direction	ሺSchwarzschild	metric	dΩ	ൌ	0ሻ	
dm	ൌ	dipole	moment	
e	ൌ	elementary	electrical	charge		ሺe	ൌ	1.6	ൈ	10‐19	coulombሻ	
E	ൌ	energy	
E	ൌ	energy	in	Planck	units:			E	ൌ	E/Ep	
ॱ	ൌ	electric	field	
ॱγ	ൌ	electric	field	strength	in	EM	radiation	
Ei	ൌ	internal	energy	for	a	particle:	Ei	ൌ	mc2	ൌ	ωcħ	
Ep	ൌ	Planck	energy								Ep	ൌ	ඥħ	cହ/G		ൌ	1.956	ൈ	10	9	J	
EE	ൌ	energy	in	the	electric	field	external	to	“r”	for		charge	e					EE	ൌ	αħc/2r	



The Universe is Only Spacetime ©2012        john@macken.com 15-7

Eel	ൌ	elastic	potential	energy	in	the	context	of	bulk	modulus	
Eg	ൌ	energy	of	the	mass	in	gravity	but	measured	using	the	zero	gravity	standard	of	energy	
Eg	ൌ	normalized	energy	of	an	object	in	gravity	but	measured	using	zero	gravity	standards	
Ek	ൌ	kinetic	energy	of		mass	falling	from	zero	gravity	to	distance	r	from	mass	M	
Eo	ൌ	energy	of	a	mass	in	zero	gravity	measured	using	the	zero	gravity	standard	of	energy	
Ey	ൌ	Young’s	modulus		Ey	ൌ	stress/strain	ൌ	FLo/AoΔL	
Eu	ൌ	Cosmological	unit	of	energy	for	Γu	൐	1	
E1	ൌ	Cosmological	unit	of	energy	for	Γu	ൌ	1	
F	ൌ	force	
Fe	ൌ	electromagnetic	force	‐	assumes	charge	e	particles				Fe	ൌ	e2/4πεor2			
Fe	ൌ	electromagnetic	force	in	dimensionless	Planck	units	‐	assumes	charge	e	particles		
FE	ൌ	electromagnetic	force	‐	assumes	Planck	charge	particles				Fe	ൌ	qp2/4πεor2				
FE	ൌ	electromagnetic	force	in	dimensionless	Planck	units	‐	assumes	Planck	charge	particles	
Fg	ൌ	gravitational	force										Fg	ൌ	ሺG	mMሻ/r2	
Fg	ൌ	gravitational	force	in	Planck	units:	Fg	ൌ	Fg/Fp		
Fg	ൌ	normalized	force	in	gravity	but	using	zero	gravity	standards	ሺnote	symbol	duplicationሻ	
Fo	ൌ	normalized	force	in	zero	gravity	
Fm	ൌ	maximum	force	possible	at	a	distance	of	ߣ௖ൌ	m2c3/ħ		
Fs	ൌ	the	strong	force	at	distance	ߣ௖		
Fp	ൌ	Planck	force		Fp	ൌ	c4/G					Fp	ൌ	1.210	ൈ	1044	N	
Fr	ൌ	relativistic	force		Fr	ൌ	P/c	
Fw	ൌ	weak	force	at	distance	ߣ௖	
g	ൌ	acceleration	of	gravity	
G	ൌ	gravitational	constant	
Go	and	Gg	ൌ	normalized	gravitational	constant	using	zero	gravity	standards	
goo,	g11,	g22,	g33	ൌ	general	relativity	matrix	coefficients	
ԯ	ൌ	“H”	magnetic	field;	magnetic	field	strength;	magnetic	field	intensity	
ԯγ	ൌ	magnetic	field	strength	in	EM	radiation	
࣢	ൌ	Hubble	parameter						currently	࣢	ൎ	2.29	ൈ	10‐18	m/s/m	
h	ൌ	Planck	constant												h	ൌ	6.626	ൈ	10‐34	J	s	
ħ	ൌ	reduced	Planck	constant:						h	bar	ൌ	ħ	ൌ	h/2π	ൌ	1.055	ൈ	10‐34	J	s	
ॴ	ൌ	electrical	current	
ॴe	ൌ	electron’s	equivalent	circulating	current	I	e	ൌ	eνc	ൎ	19.796	amps	
ࣣ	ൌ	intensity	
ᆩ	ൌ	moment	of	inertia	
k	ൌ	dimensionless	constants	ሺk1,	k2,	etc.ሻ	
k’	ൌ	3/8π		ሺa	constant	used	in	cosmologyሻ	
Kb	ൌ	bulk	modulus	
kB	ൌ	Boltzmann	constant	ൎ	1.38	ൈ	10‐23	J/m3	

KB	ൌ	bulk	modulus	
Kp	ൌ	Planck	bulk	modulus	ൌ	c7/ħG2	
Ks	ൌ	bulk	modulus	of	spacetime:	Ks	ൌ	Fp/λ2	ൌ	Fpሺω/cሻ2		
L	ൌ	dimensional	analysis	symbol	representing	length					
Lg	ൌ	normalized	length	dLg	ൌ	cdτ	
Lo	ൌ	normalized	length	dLo	ൌ	cdt	
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Lo	ൌ	in	the	context	of	Young’s	modulus,	Lo	is	the	original	length	before	stress	
ࣦ	ൌ	angular	momentum		
ࣦo	and	ࣦg	ൌ	normalized	angular	momentum	
Lr	&	Lt	ൌ	proper	length	in	the	radial	or	tangential	direction	respectively	
lp	ൌ	Planck	length	ൌ	ඥħG/cଷ		ൌ	1.616	ൈ	10‐35	m					ሺa	static	unit	of	lengthሻ	
Lp	ൌ	dynamic	Planck	length	ሺwave	amplitude	of	lpሻ	
Lu	ൌ	cosmological	unit	of	length	for	Γu	൐	1	
m	ൌ	mass	
m	ൌ	mass	in	dimensionless	Planck	units:		m	ൌ	m/mp	
mp	ൌ	Planck	mass					mp	ൌ	ඥħc/G		ൌ	2.176	ൈ	10‐8	kg	
me	ൌ	mass	of	an	electron	ൌ	9.1094	ൈ	10‐31	kg	
mr	ൌ	pseudo	rest	mass	when	index	of	refraction	n	൐	1	
M	ൌ	dimensional	analysis	symbol	representing	mass	
Mo	and	Mg	ൌ	normalized	unit	of	mass	
Mu	ൌ	cosmological	unit	of	mass	for	Γu	൐	1	
ॸ1ൌ	cosmological	unit	of	mass	for	Γu	ൌ	1	
N	ൌ	an	integer	number	
ࣨ	ൌ	the	distance	between	two	rotars	expressed	as	a	multiple	of	ߣ௖				ሺࣨ	ൌ	r/ߣ௖ሻ	
nk	ൌ	the	index	of	refraction	which	includes	the	optical	Kerr	effect	contribution	
no	ൌ	the	index	of	refraction	at	zero	intensity	
p	ൌ	momentum	
pp	ൌ	Planck	momentum					pp	ൌ	mpc	ൌ	ඥħcଷ/G		ൎ	6.525	kg	m/s	
P	ൌ	power	
Pc	ൌ	a	Particle’s	circulating	power:		Pc	ൌ	Ei	ωc	

Pc	ൌ	circulating	power	in	Planck	units:		Pc	ൌ	Pc/Pp	
ℙ ൌ	pressure																			
ℙp	ൌ	Planck	pressure																	ℙp	ൌ	c7/ħG2	ൌ	4.636	ൈ	10113	N/m2		ሺൌ	Upሻ	
Pp	ൌ	Planck	power									Pp	ൌ	c5/G	ൌ	3.63	ൈ	1052	w			
ℙq	ൌ	pressure	generated	by	a	rotar		ℙq	ൌሺωc4ħ/c3ሻൌ	Ei/ߣ௖ଷ	ൌ	Uq	
q	ൌ	electrical	charge	
Qo,	&	Qg		ൌ	dimensional	analysis	units	of	charge	used	in	various	transformations	
Q1	ൌ	cosmological	unit	of	charge	for	Γu	ൌ	1	
Qu	ൌ	cosmological	unit	of	charge	for	Γu	൐	1	
qp	ൌ	Planck	charge	ൌ	ඥ4ߝߨ୭ħܿ		ൌ		e/√ߙ		ൎ	11.7e	ൎ	1.876	ൈ	10‐18	Coulomb	
r	ൌ	radial	distance	ሺproper	lengthሻ	
R	ൌ	circumferential	radius	from	general	relativity	ሺcircumference/2πሻ	
Թ	ൌ	a	unit	of	coordinate	length	pertaining	to	cosmology	dԹ	ൌ	dLu	/Гu	
Թ1	ൌ	cosmological	unit	of	length	for	Γu	ൌ	1	
rh	ൌ	radius	of	the	Hubble	sphere	
rph	ൌ	radius	of	the	particle	horizon	
Rs	ൌ	classical	Schwarzschild	radius:	Rs	ൌ	Gm/c2	
rs	ൌ	relativistic	Schwarzschild	radius	rs	ൌ	2Gm/c2	
	radiusሻ	Compton	reduced	ൌ	ሺλc				ħ/mc	≡	௖ߣ					rotar	a	of	radius	rotar	≡	௖ߣ
	௖/Lpߣ	ൌࢉࣅ			:units	Planck	in	radius	rotar	ൌ	௖ߣ
t	ൌ	either	time	or	coordinate	time	ሺdepends	on	contextሻ	
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tc	ൌ	time	indicated	on	the	coordinate	clock	
T	ൌ	dimensional	analysis	symbol	representing	time	
Tg	ൌ	normalized	unit	of	time	in	gravity	
To	ൌ	normalized	unit	of	time	in	zero	gravity	
Tu	ൌ	cosmological	unit	of	time	for	Γu	൐	1	
ॻ1ൌ	cosmological	unit	of	time	for	Γu	ൌ	1	
tp	ൌ	Planck	time			tp	ൌ	ඥħG/cହ		ൌ	5.391	ൈ	10‐44	s			
Tp	ൌ	dynamic	Planck	time			ሺa	wave	amplitude	with	dimension	of	Plank	timeሻ	
ॻ	ൌ	temperature	
ॻp	ൌ	Planck	temperature	ൌ	Ep/kB	ൎ1.4168	ൈ	1032	°K	
ud	ൌ	de	Broglie	wave	group	velocity											ud	ൌ	v	
U	ൌ	energy	density	
Uel	ൌ	energy	density	of	elastic	potential	energy	ሺbulk	modulusሻ	
Ui	ൌ	interactive	energy	density	encountered	by	a	wave	in	spacetime			Ui	ൌ	c2ω2/G		
Uo	ൌ	energy	density	in	coordinate	units	ሺassumes	Г	ൌ	1ሻ		
Ug		ൌ		energy	density	in	a	location	with	gravity	ሺГ	൐	1ሻ	
Uu	ൌ	energy	density	in	the	universe	when	Гu	൐	1		
Up	ൌ	Planck	energy	density							Up	ൌ	c7/ħG2	ൌ	4.636	ൈ	10113	J/m3	
Ups	ൌ	energy	density	of	Planck	spacetime	Ups	ൌ	ሺ3/8πሻሺc7/ħG2ሻ	ൎ	5.53	ൈ	10112	J/m3			

Uq	ൌ	energy	density	of	a	rotar			Uq	ൌ	Ei/ߣ௖ଷ	ൌ	ሺωc4ħ/c3ሻ	ൌ	ℙq		
Uu		ൌ		cosmological	unit	of	energy	density	for	Γu	൐	1	
U1	ൌ	cosmological	unit	of	energy	density	for	Γu	ൌ	1	
v	ൌ	velocity	
ve		ൌ	escape	velocity	ve		ൌ	ሺ2Gm/rሻ1/2	
V	ൌ	Volume	
Vr	ൌ	rotar	volume			Vr	ൌ	ߣ௖ଷ	ሺcubicሻ								Vr	ൌ	ሺ4π/3ሻ	ߣ௖ଷ	ሺsphericalሻ	
	ॽ	ൌ	Electrical	potential	
ॽ	ൌ	Voltage	ሺelectrical	potentialሻ	in	Planck	units:	ॽ	ൌ	ॽ	/ॽ	p	
ॽp	ൌ	Planck	electrical	potential	ሺvoltageሻ							ॽp	ൌ		ඥc/4πε୭G	
wd		ൌ	de	Broglie	wave		phase	velocity														wd		ൌ	c2/v	
wm	ൌ	velocity	of	the	modulation	wave	envelope	ሺmoving	resonatorሻ			wm		ൌ	c2/v	
ঘ	ൌ	maximum	displacement	produced	by	dipole	wave	in	spacetime	
z	ൌ	cosmological	redshift	
zeq	ൌ	cosmological	redshift	since	the	radiation/matter	equality	transition	
Гeq	ൌ	Гu	at	the	radiation/matter	equality	transition	
Z	ൌ	impedance	
Zs	ൌ	impedance	of	spacetime																Zs	ൌ	c3/G	ൌ	4.04	ൈ	1035	kg/s		
Zs1	ൌ	cosmological	impedance	of	spacetime	for	Γu	ൌ	1		
Zsu	ൌ	cosmological	impedance	of	spacetime	for	Γu	൐	1								
Ze	ൌ	electromagnetic	impedance	of	free	space			Ze	ൎ	377	Ω	
Za	ൌ	acoustic	impedance									Za	ൌ	ρca	ሺdensity	ൈ	speed	of	soundሻ					
Zoo	ൌ	normalized	impedance	of	free	space	ሺzero	gravityሻ	
Zog	ൌ	normalized	impedance	of	free	space	ሺin	gravityሻ	
Zp	ൌ	Planck	impedance	ሺelectromagneticሻ									Zp	ൌ	1/4πεoc	ൎ	29.98	Ω	
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Greek	Symbols	
α	ൌ	fine	structure	constant	α	ൌ	e2/4πεoħc		ൎ	1/137.036	
β	ൌ	gravitational	magnitude											β	≡	1	–	ሺ1	–	2Gm/c2Rሻ1/2	ൌ	1	–	1/Г	ൌ	1	–	dτ/dt	ൎ	gm/c2r			
βq	ൌ	gravitational	magnitude	at	distance	ߣ௖										βq	ൌ	Hβ2	ൌ	Gm2/ħc	
βu	ൌ	background	gravitational	magnitude	of	the	universe	βu	ൌ1	–	1/Гu	ൌ	1	–	dτu/dt	
Г	ൌ	gravitational	gamma																		Г	ൌ	ሺ1‐2Gm/rc2ሻ‐1/2					
Гq	ൌ	gravitational	gamma	at	distance	of	ߣ௖												ሺГq	–	1ሻ	ൎ	ሺGm2/ħcሻ	
Гu	ൌ	background	gravitational	gamma	of	the	universe			Гu	ൌ	dt/dτuൌ	au/ap	
Гuo	ൌ	the	current	value	of	Гu	where:		Гuo	ൎ	2.6	ൈ	1031	
Гobs	ൌ	Гu	at	the	time	an	observation	of	a	photon	is	made	
Гem	ൌ	Гu	at	the	time	of	emission	of	a	photon	
Гeq	ൌ	Гu	at	the	radiation/matter	equality	transition	
γ	ൌ	special	relativity	gamma								γ	ൌ	ሺ1	–	v2/c2ሻ‐1/2	
ε	ൌ	asymmetry	of	an	object	‐	uniform	sphere	has	ε	ൌ	0,	two	equal	point	masses	have	ε	ൌ	1	
εo	ൌ	permittivity	of	vacuum	
ξ	ൌ	spin	axis	probability	
ξa	ൌ	acoustic	amplitude	ሺparticle	displacementሻ	
η	ൌ	charge	conversion	constant			η	≡	Lp/Qp	ൌ	8.617	ൈ	10‐18	meters/Coulomb						
Θo	and	Θg	ൌ	normalized	temperature	
θ	ൌ	angle	symbol	
λ	ൌ	wavelength	
λ	ൌ	reduced	wavelength:								lambda	bar	ൌ	λ	ൌ	λ/2π	ൌ	c/ω	
λd	ൌ	De	Broglie	wavelength			λd	ൌ	h/mv	
λdd	ൌ	wavelength	of	confined	photon	in	moving	frame	of	reference	ሺrelativistic	contractionሻ	
λm	ൌ	modulation	envelope	wavelength;			λm	ൌ	λoc/v		
λc	ൌ	Compton	wavelength								λc	ൌ	h/mc		
λc	ൌ	reduced	Compton	wavelength								λc	ൌ	ħ/mc	ൌ	λc/2π		
λo	ൌ	original	wavelength	or	wavelength	in	zero	gravity	
λg	ൌ	wavelength	in	gravity	ሺblue	shiftedሻ		
λem	&	λobs	ൌ		wavelength	at	emission	and	observation	respectively	
λγ	ൌ	wavelength	of	confined	light	ሺchapter	1ሻ	
ᆋ ൌ	wavelength	of	light	when	measured	in	units	of	coordinate	length.	
Λ	ൌ	cosmological	constant			
μB	ൌ	Bohr	magnetron	ൌ	eħ/2me	ൌ	9.274	ൈ	10‐24	J/Tesla	
μo	ൌ	permeability	of	vacuum			μo	ൌ	4π×10−7	m	kg/C2	ൌ	1.257	ൈ	10‐6	m	kg/C2			
ν	ൌ	frequency		
νc	ൌ	Compton	frequency		νc	ൌ	mc2/h		
υobs	&	υem	ൌ	cosmological	observed	frequency	&	emitted	frequency	
ρ	ൌ	matter	density	
ρp	ൌ	Planck	density						ρp	ൌ	c5/ħG2	
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σ	ൌ	Stefan‐Boltzmann	constant:					σ	ൌ	5.670373×10−8 W m−2 K−4
	

τ	ൌ	proper	time	–	time	interval	on	a	local	clock	
τd	ൌ	time	indicated	on	the	dipole	clock	
τobs	ൌ	ሺcosmologicalሻ	proper	age	of	the	universe	at	the	time	an	observation	is	made	
τem	ൌ	ሺcosmologicalሻ	proper	age	of	the	universe	at	the	time	of	emission	of	a	photon	
τu	ൌ	ሺcosmologicalሻ	proper	age	of	the	universe	at	arbitrary	time	ሺcosmic	timeሻ		
τuo	ൌ	ሺcosmologicalሻ	current	proper	age	of	the	universe	ሺcosmic	timeሻ		
τu	ൌ	ሺcosmologicalሻ	age	of	the	universe	in	nondimensional	Planck	units	τu	ൌ	τu/tp	
࣮	ൌ	emission	lifetime	
χ	ൌ	distance	in	comoving	coordinates	
Ψ	ൌ	psi	function	
ω	ൌ	angular	frequency	
ωc	ൌ	Compton	angular	frequency	of	a	Particle	ሺωc	ൌ	mc2/ħሻ	
ωc	ൌ	Compton	angular	frequency	in	Planck	units:			ωc	ൌ	ωc/ωp	
ωp	ൌ	Planck	angular	frequency		ωp	ൌ	ඥcହ/ħG			ൌ	1.855	ൈ	1043	s‐1	
Ω	ൌ	a	solid	angle	in	a	spherical	coordinate	system	ሺdΩ2	ൌ	dθ2	൅	sin2θ	dΦ2ሻ	
Ω	ൌ	symbol	representing	electrical	resistance	
ΩM	ൌ	matter	density	parameter		
ΩΛ	ൌ	cosmological	constant	density	parameter		
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