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5.7: Potential
If work is required to move a mass from point  to point , there is said to be a gravitational potential difference
between  and , with  being at the higher potential. The work required to move unit mass from  to  is called the
potential difference between  and . In SI units it is expressed in .

We have defined only the potential difference between two points. If we wish to define the potential at a point, it is
necessary arbitrarily to define the potential at a particular point to be zero. We might, for example define the potential at floor level
to be zero, in which case the potential at a height  above the floor is ; equally we may elect to define the potential at the level of
the laboratory bench top to be zero, in which case the potential at a height  above the bench top is . Because the value of the
potential at a point depends on where we define the zero of potential, one often sees that the potential at some point is equal to
some mathematical expression plus an arbitrary constant. The value of the constant will be determined once we have decided
where we wish to define zero potential.

In celestial mechanics it is usual to assign zero potential to all points at an infinite distance from any bodies of interest.

Suppose we decide to define the potential at point  to be zero, and that the potential at  is then  . If we move a point
mass  from  to , we shall have to do an amount of work equal to . The potential energy of the mass  when it is at  is
then . In these notes, I shall usually use the symbol  for the potential at a point, and the symbol  for the potential energy of a
mass at a point.

In moving a point mass from  to , it does not matter what route is taken. All that matters is the potential difference between 
and . Forces that have the property that the work required to move from one point to another is route-independent are called
conservative forces; gravitational forces are conservative. The potential at a point is a scalar quantity; it has no particular direction
associated with it.

If it requires work to move a body from point  to point  (i.e. if there is a potential difference between  and , and  is at a
higher potential than ), this implies that there must be a gravitational field directed from  to .

 

Figure  shows two points,  and , a distance  apart, in a region of space where the gravitational field is  directed in the
negative  direction. We’ll suppose that the potential difference between  and  is . By definition, the work required to move
unit mass from  to  is . Also by definition, the force on unit mass is , so that the work done on unit mass is . Thus we
have

The minus sign indicates that, while the potential increases from left to right, the gravitational field is directed to the left. In words,
the gravitational field is minus the potential gradient.

This was a one-dimensional example. In a later section, when we discuss the vector operator , we shall write Equation  in its
three-dimensional form

While  itself is a scalar quantity, having no directional properties, its gradient is, of course, a vector.
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∇ 5.7.1

g = −gradψ = −∇ψ. (5.7.2)
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