
he manned exploration of space has so far centerfuge. By making adjustments to the angular 
been limited to the moon and low Earth orbit. velocity of the rotating space ships, the centripetal TDuring missions that last only a few weeks or acceleration can simulate Earth gravity (1G) within 

months, the adverse effects that weightlessness these space ships.
has on the human body are not a huge annoyance. 
However, once mankind ventures beyond the moon 

The strength of the simulated gravitational force to destinations like Mars, the length of time humans 
generated by the centrifuge system depends on the would be exposed to zero gravity increases 
length of the spin arm and the number of rotations drastically. The consequences of extended exposure 
the system makes per minute. The length of the to weightlessness are undesirable physiological 
spin arm is measured from the center of gravity of adaptations that impede the ability of astronauts to 
the two space vehicles and the outer edge of one of function efficiently upon the return to an 
the space vehicles. If you visualize a circle with the environment with gravity. Although 
cable being the diameter and the circumference countermeasures such as diet and exercise can be 
being the path followed by the two space vehicles taken to fight these physiological adaptations, they 
rotating around the center of mass, then the length are not entirely effective. The perfect solution 
of the spin arm is the radius of that circle. By would be to create artificial gravity, which would 
playing around with these two variables (the spin allow humans to maintain their health in space.
arm length and the number of rotations per minute) 
you can simulate a variety of G-forces within this 
artificial gravity system.

While the concept of simulating gravity in outer 
space has existed in science fiction for centuries, 
artificial gravity systems have only recently become 
a topic of serious scientific investigation. In 1923, 
scientist Hermann Oberth described how two space 
vehicles could be attached together with a strong 
cable and spun around their common center of 
mass. This essentially creates a giant centerfuge, 
with the contents of the centerfuge experiencing 
centripetal acceleration towards the outside of the 
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“ While the concept of 
simulating gravity in space 
ships has existed in science 
fiction for some time, 
artificial gravity systems 
have only recently become 
a topic of serious scientific 
investigation. 

”
Interior sketch of a Stanford Torus. Photo courtesy 
Space Settlement.
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The Stanford Torus is a prototype design for a 
space colony that was the brainchild of a team 
of scientists, university professors and 
engineers that was directed by Gerark K. 
O'Neill. In ten weeks, this team came up with a 
meticulous plan for a futuristic industrial town 
that orbits the Earth. 

The shape and design of the Stanford Torus 
(which bears a remarkable resemblance to a 
cosmic doughnut) is perfect for creating 
artificial gravity. Spinning the torus like a giant 
centrifuge generates centripetal acceleration 
toward the exterior. This centripetal acceleration 
feels just like gravity to the inhabitants of the 
colony. 

Constructing a Stanford Torus today would be a 
nearly impossible project because of the 
advanced technology and copious funds that are 
necessary. Nevertheless, it may only be a 
matter of centuries before the space colonies of 
science fiction become science fact. 
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There are two possible methods of simulating Earth 
gravity in a space ship. One way is to use a high 
speed of rotation and a short spin arm. Although this 
method is cost efficient because less raw material is 
needed to construct such a system, it has a number 
of serious drawbacks. High speeds of rotation are 
extremely uncomfortable for humans. Studies have 
shown that humans can tolerate rotations of 2 rpm 
without much discomfort, but when the number of 
rotations per minute exceeds two, people develop 
debilitating motion sickness (ref. Guedry, et al, 
1964). Another drawback with this design is the 
gravity gradient that is created when a short spin 
arm is used. A gravity gradient is present when the 
pull of simulated gravity at one point is different than 
the pull at another point. Depending on the length of 
the spin arm, people ma-y literally be lightheaded 
because their head will weigh less than their lower 
body.

The other way to simulate gravity in space is by 
using a long spin arm and a slow rotation. This 
design requires a huge space station that would be 
extremely costly, but it is advantageous in that it 
creates a much more Earth-like environment than 
that created by using a fast rotation and a short spin 
arm. Using the ideal rotation of two rotations per 
minute, Earth gravity can be simulated by having a 
spin length of approximately 223 metres. This 
system is superior because humans living in it do not 
experience any disorienting side-effects. A number 
of popular space station designs, such as the 
Stanford torus (see table, images), use this system.

Artificial gravity has already been shown to preserve 
the health of organisms in space. Soviet experiments 
using rats in centrifuges showed that centrifuged 
rats were much healthier than non-centrifuged rats. 
Artifical gravity preserved red blood cells and bone 
density in the rats, two biological areas that are 
negatively effected by weightlessness. The same 
results are likely to be seen in humans, although no 
experimentation with artificial gravity and humans 
has yet been conducted in space. Although the cost 
of implementing an artificial gravity system in a 
space ship is quite high, the price is well worth an 
astronaut’s health. 

The Stanford Torus
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