
and
Newton’s Universal Law of 

Gravitation



Summary of Angular Variables
Displacement s = r θ Angular Displacement (theta)
Velocity v = r ω Angular Velocity (omega)
Acceleration a = r α Angular Acceleration (alpha)

When arclength s
equals the radius r

Possible units are:
Radians/sec, rpm (revolutions/minute), 
degrees/second etc.



Centripetal
Acceleration

∆s

Direction: inward



Laboratory centrifuge: separate 
blood cells from plasma

Centrifuge used to train pilots at sustained 
levels of high gravity (simulated)

“Aluminum tubes”: centrifuges 
to separate 235U from 238U



Shockwave: Six Flags Over Texas





Col. John Stapp
(1954)
43 G’s

Need stronger 
body harness



Isaac Newton
A Treatise on the System of the World (1687)



Cavendish apparatus: torsion balance measures 
gravitational attraction of two masses in the laboratory



Lagrange Points: Gravitational forces cancel 
allowing orbit with a fixed relative position.

L4 and L5 are stable equilibrium and stuff 
(asteroids) tend to accumulate there.











S2:
closest approach = 17 light-hours
speed: 5000 km/s

Black hole:
2.6±0.2 million × mass of Sun









ISS altitude 
is 354 km





Claudius Ptolemy





Epicycles: successfully used to describe planetary 
motion (such as retrograde) in earth-centered system.



Nicolas Copernicus



Tycho Brahe

Mixed geocentric+heliocentric.

More epicycles! 



Johannes Kepler











Star Trails

Point camera at sky, leave lens open

What would a geosynchronous 
satellite look like among star trails?


