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Name: ______________________________________
Date: ________________________

Gizmo Activity: Comparing Gravity and Electromagnetism
[Note to teachers and students: The first two pages of this activity require students to use two Gizmos™: Gravitational Force and Coulomb Force (Static).]

Learning goals
After completing this activity, you will be able to … 

· Compare the magnitude of gravity and the electromagnetic force in several situations.
· Use the universal law of gravitation and Coulomb’s law to calculate the gravitational and electrostatic forces between two objects.
· Explain why gravity is not a very important force within the atom.
Prior knowledge questions (Do these BEFORE using the Gizmo)
There are four fundamental forces in nature: gravitation, electromagnetism, the strong nuclear force, and the weak force. Although all of these forces are important, we only experience gravity and electromagnetism on an everyday basis.

1. Give an example of how you experience gravity every day. __________________________

_________________________________________________________________________

_________________________________________________________________________

2. Give an example of how you experience electricity and/or magnetism every day. _________

_________________________________________________________________________

_________________________________________________________________________
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Gravitational force
First, compare the strength of gravity and electromagnetism in an everyday situation, with objects located about 1 meter apart. Open the Gravitational Force Gizmo. The Gizmo shows two masses labeled A and B. Turn on Show distance and Show grid. 

Move mass A to -5 and mass B to +5 so they are exactly 10 meters apart. Check that the mass of each object is 10.0 × 105 kg, or 1,000,000 kg (about 1,100 tons or 2,204,622 pounds).
1. Turn on Show vector notation for each mass. What is the magnitude of the gravitational force on each mass?
|FA| = __________


|FB| = __________

2. What do you notice about the magnitudes of each force? ___________________________

_________________________________________________________________________

Electrostatic force
Now open the Coulomb Force (Static) Gizmo. This Gizmo has a similar format, but allows you to manipulate the object’s charges rather than their masses. Turn on Show distance and Show grid. As you did before, position objects A and B so they are 10 meters apart. Check that the charge of each object is 10.0 × 10-4 coulombs (C).
1. Turn on Show vector notation for each mass. What is the magnitude of the gravitational force on each mass?

|FA| = __________



|FB| = __________

2. What do you notice about the magnitudes of each force? ___________________________

_________________________________________________________________________

3. Compare the magnitude of the electrostatic charge to the magnitude of the force of gravity you measured on the previous page. What do you notice?
_________________________________________________________________________

_________________________________________________________________________

4. Is this really a fair test of the relative strength of gravity and electromagnetism? Explain why or why not.
_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________
Universal gravitation and Coulomb’s law
[image: image6.emf]The equations for the force of gravity and electrostatic force are very similar:
Universal gravitation
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G = gravitational constant
m1 and m2 = masses 1 and 2 (kg)

r = distance (m)
Coulomb’s law
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ke = Coulomb constant
q1 and q2 = charges 1 and 2 (C)

r = distance (m)
1. What do the equations for universal gravitation and Coulomb’s law have in common?
_________________________________________________________________________
_________________________________________________________________________

2. The value of G is 6.67259 × 10-11 m3/kg·s2 and the value of ke is 8.98755 × 109 N·m2/C2. 
A. What is the gravitational force between two 1-kg objects separated by a distance of 1 meter? _______________
B. What is the electrostatic force between two objects with equal 1-coulomb charges separated by a distance of 1 meter? _______________
C. How many times greater is the electrostatic force between two 1-C objects than the gravitational force between two 1-kg objects? _______________
3. The chart below summarizes the properties of protons and electrons. In a hydrogen atom, the distance between a proton and an electron is about 5.3 × 10-10 m.
	Particle
	Mass (kg)
	Charge (C)

	Proton
	1.67 × 10-27 kg
	1.60 × 10-19 C

	Electron
	9.11 × 10-31 kg
	-1.60 × 10-19 C


A. What is the gravitational force between a proton and an electron? _______________
B. What is the electrostatic force between a proton and an electron? (Note: Ignore the sign of the electron’s charge.) _______________
C. How many times greater is the electrostatic force between a proton and an electron than the gravitational force between a proton and an electron? _______________
Wrap-up questions
1. Why don’t physicists tend to take gravity into account when they are studying the forces within an atom?
_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________

2. In spite of the fact that gravity is the weakest of the four fundamental forces, it is the most significant force between large objects. Why do you think gravity affects the motions of moons, planets, stars, and galaxies more than electromagnetism?

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________
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