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Effects	of	Chronic	Weightlessness	

•  Fluid	redistribuIon	
•  Fluid	loss	
•  Electrolyte	imbalances	
•  Cardiovascular	changes	
•  Red	blood	cell	loss	

•  Muscle	damage	
•  Bone	damage	
•  Eye	damage	
•  Hypercalcemia	
•  Immune	suppression.		

…	and	others	…	?	



•  Suspended	animaIon	

•  J.	D.	Bernal,	
“three-dimensional,	gravitaIonless	way	of	living”	

AlternaIves	to	Weight	for	
Preserving	Health?	



Weight	&	Gravity,	in	Theory	...	



Fundamental	Forces	(InteracIons):	
	
	Standard	Model	of	Par.cle	Physics	

1.	Strong	Nuclear	(gluons)	
2.	Weak	Nuclear	(W	&	Z	bosons)	
3.	ElectromagneIc	(photons)	
	
4.	GravitaIonal	(?)	



Fg	=	mA	
	
Fg	=	89%	mg0	

and	yet	he’s	
weightless.	



Fg	=	mA	

Fe	=	mA	

Fe	=	mA	



Fe	=	mA	

“a	gravitaIonal	field	
exists	for	the	man	in	the	
chest,	despite	the	fact	
that	there	was	no	such	
field	for	the	coordinate	
system	first	chosen”	

 – Einstein	



Gravity	is	Irrelevant:	
	
It’s	neither	necessary	nor	sufficient	
to	preserve	human	health.	



Gravity	is	Irrelevant:	
	
It’s	neither	necessary	nor	sufficient	
to	preserve	human	health.	

Planet
ary

mostly



All	mechanical	and	
chemical	interacIons,	
including	bio—,	are	
ElectromagneIc.	

hgps://en.wikipedia.org/wiki/File:Stylised_atom_with_three_Bohr_model_orbits_and_stylised_nucleus.svg	



If	weightlessness	
is	the	problem,	
	
then	mechanical	acceleraIon	
is	the	soluIon.	



If	weightlessness	
is	the	problem,	
	
then	mechanical	acceleraIon	
is	the	soluIon.	

maybe



Linear	AcceleraIon:	
±1	g	to	Proxima	Centauri	(4.244	ly):	

A1	 A2	 A3	

V1	 V2	
V3	

Naive,	non-relaIvisIc	calculaIons:	
ttotal		=		4.055	yr	
Vmax		=		2.093	c	



Space	travel	calculator	[N.	Geffen]	



Linear	AcceleraIon:	
±1	g	to	Proxima	Centauri	(4.244	ly):	

A1	 A2	 A3	

V1	 V2	
V3	

RelaIvisIc	calculaIons:	
ttotal_cra9				=		3.541	yr	
ttotal_earth			=		5.870	yr	
Vmax_earth		=		0.9496	c	



		P =mA ⋅V→∞

Linear	AcceleraIon:	
Not	sustainable:	

A1	 A2	 A3	

V1	 V2	
V3	



Linear	AcceleraIon:	
±a	<<	1	g	to	Proxima	Centauri	(4.244	ly):	

A1	 A2	 A3	

V1	 V2	
V3	

Acra9	 ttotal_cra9	 Vmax_earth	

0.001000	g	 128.2	yr	 0.06608	c	
0.001643	g	 100.0	yr	 0.08461	c	
0.000572	g	 169.6	yr	 0.05000	c	



Centripetal	AcceleraIon:	
Sustainable	

A1	

A2	

A3	

V1	

V2	

V3	

			P =mA ⋅V = 0



			

Vtan =Ω×R
Acent =Ω×V

=Ω× Ω×R( )
ACor = 2Ω× vrel

ACor

Acent

= 2
vrel
Vtan

A1	

A2	

A3	

V1	

V2	

V3	



SpinCalc	arIficial-gravity	calculator	



NASA	Langley	Research	Center	
RotaIng	Space	StaIon	Simulator,	1960s	



NASA	Langley	Research	Center	
RotaIng	Space	StaIon	Simulator,	1960s	



Comfort	chart,	Hill	and	Schnitzer,	1962	



Comfort	chart,	Gilruth,	1969	



Comfort	chart,	Gordon	and	Gervais,	1969	



Comfort	chart,	Stone,	1973	



Comfort	chart,	Cramer,	1985	



Comfort	chart	–	composite	



Starship	populaIon	esImates:	

Birdsell	 10	–	100s	
Hodges	 10/ss	×	#ss	
Cohen	&	al.	 100	-	500	
Wachter	 100s	

Maroga	 1,000	–	8,000	
		&	Globus	
Smith	 40,000	
Hein	&	al.	 100,000	



Starship	size	will	be	dictated	
by	populaIon	size,	
	
not	by	rotaIonal	tolerance.	



Dropping	parIcles,	inerIal	view:	h/Rf	



Dropping	parIcles,	rotaIng	view:	h/Rf	

h			=				2	m	
Rf		=		10	m				100	m				1000	m				10000	m	



Hopping	parIcles,	inerIal	view:	v/V	



Hopping	parIcles,	rotaIng	view:	v/V	

Acent				=													1	m/s2	
v									=													2	m/s	
V									=								100	m/s									32	m/s						10	m/s						3.2	m/s	
Rf								=				10000	m							1000	m								100	m										10	m	



Hopping	parIcles,	rotaIng	view:	v/V	

v									=								2	m/s	
V									=					10	m/s	
Acent				=					32	m/s2				10	m/s2				3.2	m/s2								1	m/s2	
Rf								=				3.2	m									10	m										32	m								100	m	



Basketball	in	1-g	AG:	free	throw	

Rf			=			100	m				1000	m				10000	m																							10	m	



Basketball	in	1-g	AG:	under	the	net	

Rf			=			10000	m						1000	m						100	m																					10	m	



Apparent	slope	of	flat	floor	



Apparent	slope	of	flat	floor:	catenary	arch	
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Apparent	slope	of	ladder:	catenary	arch	
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Cross-coupled	rotaIons	



Principal	direcIons:	inside-out	



The	country	and	climate	in	which	we	build	

We’re	not	in	
Kansas	anymore.	
	–	Gale	



Combined	linear	+	centripetal	acceleraIon	

in-plane	 on-axis	


