TAP 402:1 Field Strength – students’ sheet

Data required: G = 6.67 ( 10-11 N m2 kg-2, mass of the Earth = 6.0 ( 1024 kg,

radius of the Earth = 6.4 ( 106 m.

1) 
Treating the Earth as a perfect sphere, show that the field strength at the Earth’s surface 
is around 9.8 N kg-1.

2) 
What is the strength of the gravitational field due to you at a distance equal to the radius of the Earth?

3) 
In view of your answers to the two questions above, your field strength at a distance of 6400 km from you (where the Earth’s centre is) is MUCH weaker than the Earth’s field strength at a distance of 6400 km from its centre (where you are right now). Can you explain why is then that you and the Earth exert the same size of force on each other?

4) 
Assume the Earth has an average density . Rewrite the expression g = GM/r2 to include 
 [The volume of a sphere is given by V = (4/3) r3.] Now, assume that the Moon has the same average density as the Earth. On the surface of the Moon, the gravitational field strength is about 1.6 N kg-1. Use this to estimate the radius of the Moon.

5) 
In fact the radius of the Moon is 1.7 ( 106 m. In view of your answer to question 4, what does this suggest about the average density of the Moon compared with that of the Earth?

Practical advice

Remember that a lot of students have difficulties in using standard form correctly on a scientific calculator. You may need to help them in the use of the EXP button

Answers and worked solutions

1
g = GM/r2 = (6.67 x 10-11 x 6.0 x 1024)/ (6.4 x 106)2 = 9.8 N kg-1
2
What is the strength of the gravitational field due to you at a distance equal to the radius of the Earth?

Each student will have to know/estimate their own mass in kg. The calculation below is based on a student mass of 70 kg.


g = GM/r2 = (6.67 x 10-11 x 70)/ (6.4 x 106)2 = 1.1 x 10-22 N kg-1
Note, that while this is very very small, it is not zero, again showing that the gravitational force falls off quickly with distance, but is always there (infinite in range).

3
Because the actual force acting on an object at a point in a field is the product of the field strength and the mass of the object placed there. This product is the same in both situations mentioned in the question – the product of the Earth’s field (9.8 N kg-1) and the student’s mass (70 kg) is the same as the product of the student’s field (1.1 x 10-22 N/kg) and the Earth’s mass (6.0 x 1024 kg). In both cases this product is 686 N, and this can equally be viewed as the student’s weight in the Earth’s gravitational field, or the Earth’s weight in the student’s gravitational field

4
g = GM/r2, but M =  x V = (4/3) r3.


Therefore g = [G x (4/3) r3/ r2 = (4/3) Gr.

(Thus, for bodies of the same density, the field strength at their surface is proportional to their radius).

The surface field strength of the Moon is (1.6 / 9.8) times smaller than that of the Earth. Therefore its radius must be smaller by the same factor. 


Therefore, radius of the Moon is (1.6 / 9.8) x 6.4 x 106 = 1.0 x 106 m


This could also have been calculated by finding the average density of the Earth 
numerically from g = (4/3) Gr (using g = 9.8 N kg-1), and proceeding from there)

If you have students of high enough ability (and you have enough time!) you might like to ask if g = (4/3) Gr violates the inverse square law. It now looks distinctly like a direct proportion between g and r. Why is this? It’s because we are dealing with the field strength on the surface of a planet. As the radius of a planet increases, its mass increases with the radius3 (for constant density). Looking at g = GM/r2 this r3 dependence of the mass in the numerator will dominate the r2 in the denominator, giving overall a direct proportion between g and r

5
Since g = (4/3) Gr, if the radius is bigger than we expected, the density must be smaller than we assumed. Thus the average density of the Moon is less than that of the Earth. In fact, because the Moon’s radius is 1.7 times more than expected, its average density must be around (1/1.7) times that of the Earth (which is about 60% of the Earth’s density.

