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Class 3 : 
Newtonian Gravity 



RECAP 

!  Newton’s 1st law – V = constant if F = 0 
!  Newton’s 2nd law – F = Ma 
!  Newton’s 3rd law – for every action there is 

an equal and opposite reaction. 
!  Galilean Transformation – the “usual” 

velocity addition/subtraction rule for changing 
frames of reference. 

!  Galilean Relativity – the idea that the laws 
of nature are the same for a moving observer 
as for a stationary observer. 



Today’s class 

!  Newton’s Law of Gravity 
!  Gravitational and Inertial Mass 
!  Free fall & the Weak Equivalence Principle 
!  Escape velocity (and Newtonian Black 

Holes) 



I: Newton’s Law of Universal 
Gravitation 

Newton’s law of Gravitation: A particle 
with mass m1 will attract another 
particle with mass m2 and distance r  
with a force F given by 

!  “G” is called the Gravitational constant (G 
= 6.67×10-11 N m2 kg-2 in mks units) 

!  This is a universal attraction. Every 
particle in the universe attracts every 
other particle! Gravity often dominates in 
astronomical settings. 



"  Newton’s Law of Gravitation defines the 
“gravitational mass” of a body 

"  Using calculus, it can be shown that a spherical 
object with mass M (e.g. Sun, Earth) creates the 
same gravitational field as a particle of the same 
mass M at the sphere’s center. 
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II : Inertial and gravitiational mass: 
the weak equivalence principle 

Newton’s 2nd law says: 

Newton’s law of gravitation says: 

So, acceleration due to gravity is: 

So, if the ratio (mG/mI) varies, the rate at 
which objects fall in a gravitational field will 
vary… 

mI=inertial mass 

mG=gravitational mass 



At the end of the last Apollo 15 moon walk (July 1971), Commander David 
Scott performed a live test of mI/mG for the television cameras. 



https://www.youtube.com/
watch?v=E43-CfukEgs 



Equivalence of inertial and 
gravitational mass 

!  Experimentally, if all forces apart from gravity 
can be ignored, all objects fall at the same 
rate (first demonstrated by Galileo) 

!  So, mI /mG must be the same for all bodies 

!  And we can choose the constant “G” such that 
mI = mG, and a = GM/r2 

!  This is the weak equivalence principle 



“Weightlessness” 

Apollo 10, in orbit (May 18-26, 1969) 



Weightless, or free-fall? 

!  Space Station orbits about 500km above 
Earth’s surface.  Radius of Earth is 6300km. 

!  Newton’s inverse square law: 
#  Gravitational acceleration at location of 

space station is 86% of what it is on the 
Earth’s surface! 

!  So, why do the astronauts feel weightless? 
#  The astronauts “fall” toward Earth at the 

same rate as the space station – another 
example of the equivalence principle. 



III : Escape Velocity 

!  What goes up must come down.   Arh, actually… 

!  Suppose we are on the surface of a planet with 
mass M and radius R.  Then there is a critical 
speed above which we can leave the surface and 
never fall back.  This is the escape velocity. 

!  Using Newton’s Laws and a little calculus, we find 
that 



!  Some numbers… 
#  G=6.67x10-11 Nm2kg-2 

!  The Earth 
#  MEarth=6.0x1024kg 
#  REarth=6.4x106m 

!  The Sun 
#  MSun=2.0x1030kg 
#  RSun=7.0x105km 

Vesc=11.2km/s 

Vesc=617km/s 



Rev. John Mitchell (1784) 

!  If there should really exist in nature any bodies, whose 
density is not less than that of the sun, and whose diameters 
are more than 500 times the diameter of the sun, since their 
light could not arrive at us; or if there should exist any 
other bodies of a somewhat smaller size, which are not 
naturally luminous; of the existence of bodies under either of 
these circumstances, we could have no information from 
sight; yet, if any other luminous bodies should happen to 
revolve about them we might still perhaps from the motions of 
these revolving bodies infer the existence of the central ones 
with some degree of probability, as this might afford a clue to 
some of the apparent irregularities of the revolving bodies, 
which would not be easily explicable on any other hypothesis; 
but as the consequences of such a supposition are very 
obvious, and the consideration of them somewhat beside my 
present purpose, I shall not prosecute them any further. 



Laplace (1798) 

!  A luminous star, of the same density as the 
Earth, and whose diameter should be two 
hundred and fifty times larger than that of the 
Sun, would not, in consequence of its 
attraction, allow any of its rays to arrive at us; 
it is therefore possible that the largest 
luminous bodies in the universe may, through 
this cause, be invisible. 


