
Newton’s apples and orbits
Isaac Newton and the Apple
You may have heard of a scientist named Isaac Newton. Almost 400 years ago, Newton was a student at
Cambridge University when an outbreak of the deadly bubonic plague forced all the students to leave school
and shelter at home. Newton was bored at home, so he spent his break solving some of the greatest
questions of his time, like what is light? And, what is gravity? Newton was a very ambitious student!

The story goes that while at home, Newton was sitting under an apple tree gazing at the Moon when he
noticed an apple fall to the ground. This caused him to wonder, why does the apple fall and the Moon does
not? Nobody knows if this story is true, but Newton himself told people that this is what happened. Some
people say the apple hit him on the head and Newton suddenly understood gravity. This is probably not true.

Before Newton, most Western scientists thought that whatever rules governed the motion of objects on
Earth must be fundamentally different from the rules that governed objects in space like the Moon. In other
words, while gravity always makes things fall on Earth, gravity just didn’t apply to the Moon.

Stop and Chat #1
Take a moment to talk with your group about the following questions: Why do you think Western scientists
assumed that the rules were different in space than on Earth? Do you think that objects like the Sun, Moon,
and stars move the way they do as a result of different mechanisms than how objects move on Earth?

To Newton, this didn’t make sense. He wanted to know more about why the rules in space appeared to be
different than the rules on Earth. Newton began by considering what he already knew about gravity.

Stop and Chat #2
Think back to your investigations in Lesson 5. You used a simulation to explore how changing certain factors
about the Earth-Moon system could make the Moon fall like an Earth rock. What were the factors you
changed to get the Moon to fall? Take a moment to talk with your group about this.

Now let’s flip our thought experiment. We figured out what we needed to do to make the Moon fall like a
rock. What ideas do we have about how we could get a rock to float like the Moon? Take a moment to talk
with your group about this and/or record your ideas in your science notebook.

Newton thought about this question and decided to use a thought experiment to help figure it out. A thought
experiment is what scientists do when they cannot examine a system firsthand to experiment on it. Newton
could not go to the Moon and change things. He also did not have computers to simulate the system. So he
tried to solve the problem using the power of human imagination.
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To understand Newton’s thought experiment, start by thinking about two apples. One apple gets dropped and
one gets thrown horizontally (parallel to the ground). Both apples start at the same height and are dropped
and thrown at the same time.

Stop and Chat #3
Which apple do you think will hit the ground first? Take a moment to talk with your group about this and/or
record your ideas in your science notebook.

Figure 1: From the same height and at the same time, one apple is dropped and one apple is thrown
horizontally. Which one will hit the ground first?
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Galileo’s Experiment
Before Newton was even born, another scientist named Galileo Galilei did an experiment to figure this out.
We can do the same experiments right here in the classroom.

Stop and Chat #4
Try out Galileo’s experiment in your group with two pennies. To be sure that one penny is “thrown” (or flicked)
parallel to the ground (not upwards) at the exact same time and height as a second penny gets dropped,
follow the directions in the Figure 2 caption. You may want to record your observations in your
notebook. Safety: Be aware of your surroundings and other people when launching the pennies.

Figure 2: Replicating Galileo’s experiments. Line up one penny so it’s just hanging over the corner of your table or desk. Line up the
second one so it will push the hanging penny just a bit sideways when you flick it off the edge of the table. The penny that you
flick will be launched horizontally while the penny it pushes will fall straight down. Which one will hit the ground first?

You might be surprised to find that the pennies hit the ground at the same time. Galileo was also surprised,
and his experiment became famous.
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Newton was very interested in Galileo’s experiment. He realized that the apple that is dropped and the apple
that is thrown are both falling because of gravity. For both apples, that force is downward, toward the center
of Earth. So even though one apple is moving horizontally and the other is not, they are pulled down vertically
by gravity at the same rate.

Newton wondered what would happen if he changed the system a little. He wondered what would happen if
he threw both apples horizontally at the same height, but threw one faster than the other.

Stop and Chat #5
What do you think will happen if one apple is thrown faster? Why? Take a moment to talk with your group
about this and/or record your ideas in your science notebook.

Figure 3: From the same height and at the same time, two apples are thrown horizontally, one at a faster speed than the other.
Why does the apple with the faster speed travel further?
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Newton’s Cannon
So, Newton wondered, if we can throw an apple hard enough, how far could we get it to go? Since our arms
are only so strong, Newton imagined an apple shot horizontally from an extremely powerful cannon on top of
a tall mountain.

Figure 4: A Civil War cannon on a ridge in Chickamauga & Chattanooga National Military Park in Tennessee. Newton’s imagined
cannon would be much higher and larger than this.

Finally, let’s imagine what will happen when we take into account the fact that Earth is round. This is
important because if you can shoot the apple far enough with the cannon, it will land beyond the horizon that
we can see.

Stop and Chat #6
Using Newton’s Apple Cannon Experiment, work with your group to sketch out the trajectories (or pathways)
that you think an apple would take after being fired from Newton’s cannon at different speeds. Sketch these
elements: (1) a slow speed, (2) a medium speed, (3) a fast speed, and (4) a very fast speed. (Keep in mind that
the gravity force on the object will always be toward the center of Earth. Discuss with your group: How will
increasing the speed of the cannonball apple change the shape of its path?

When you are done with these sketches, share them with another group. Be ready to justify your predictions.
Take a look at the other group’s predictions. How are they different? Make any changes to your group’s
sketches that you want to make.
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