Gravity 

While watching an apple fall, Newton realized that the Moon travels in a path around the Earth under the influence of gravity!  It occurred to him that gravity is universal.  

In analyzing the path of the Moon, Newton discovered that the force of gravity is directly proportional to the masses of objects influenced by gravity and inversely proportional to the square of the distances between the objects.

As formulas:  Fg ( m1m2   and    Fg ( 1/d2
Finally:  Fg = Gm1m2/d2

Orbits

In one of Newton’s later books, there is a famous illustration of a cannon on a mountaintop. 

When a cannonball is fired, what is the resulting path?

Why does a cannonball not travel in a straight line as required by Newton’s 1st Law?

At a certain speed, the curved path taken by the cannonball matches the curvature of the Earth and the cannonball never strikes the surface.  The cannonball is placed into an orbit around the Earth.

In 1687 Newton explained how to launch an artificial satellite!

The speed needed to match the Earth’s curvature is called the circular satellite velocity.  This speed is approximately 8 km/s, near the Earth’s surface (17,500 mi/hr).

If this speed is exceeded, the orbit stretches out into a non-circular orbit that may be so long that it intercepts other planets.  

If the launch speed of a spacecraft exceeds 11 km/s (25,000 mi/hr) the orbit will be so stretched out that the spacecraft will never return to Earth.  The spacecraft has reached escape velocity.  Escape velocity is different for every body that is being escaped from, since gravity differs for each astronomical object.

The Discovery of Neptune

Gravity not only creates orbits, it perturbs them as well.

In 1781 William Herschel discovered the first planet not known to the ancients: Uranus

By 1790 the orbit of Uranus had been calculated, and scientists soon recognized perturbations in the orbit.  Perturbations are disturbances or irregularities in an orbit.

Adams in England and Leverrier in France both independently calculated the position of a planet beyond Uranus, based on Newton’s law of gravity.

Adams tried unsuccessfully to convince English astronomers to look for the undiscovered planet, using his calculations

In 1846, Leverrier convinced the German astronomer Johann Galle to search a region of space suggested by his calculations.  Galle soon observed a new planet based on the work of Leverrier.

Today, Adams and Leverrier are both given credit for the discovery of Neptune, along with Galle.

