Title: Learn what even Newton didn’t know about gravity
Teacher Notes
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Description: We all know that Sir Isaac Newton was brilliant beyond belief. He is the man that we credit with the “discovery” of gravity. He was able to tell a lot about gravity. The old wives tail was that he was hanging out at his uncle’s farm avoiding the Black Death which was then the “in thing” in London. Supposedly he was avoiding doing chores while sitting under an apple tree when the apple hit him on the head. That cranial impact sent him on the way as he supposedly then decided that the force holding the moon at bay was the same as the force acting on the apple that had so recently assalted his head.
While Newton would go on to have several theories and be able to use the idea of gravity to become the king of science, he did have an embarrassing little secret. He really couldn’t tell you what gravity was. He just didn’t know. 
A few years later, Albert Einstein had some thoughts about gravity and even proposed the general relativity theory. He used the idea that gravity was a “dent” in space/time. What Einstein did propose was that light was the speed limit of the universe. This will put him directly in Newton’s grill. Let’s see if this can be explained…
Suppose the sun were to just disappear. Newton said we orbited the sun due to gravity. Einstein said the Earths orbited because we were caught up in the wicked little dent that the sun made in space. But without the sun, would the earth continue to orbit the sun until the light of the sun reaches us 8 minutes later to inform us the sun left? Or would the Earth immediately start into a tangent since there was no more Centripetal force pull from gravity? If you look at Einstein, at the surface, you would have to say the Earth would continue to orbit as there would be no signal that could outrun light to let the Earth know its ok to start its trek to the great unknown. 
To correct this unfortunate side effect of his theory, Al, decided to come up with the idea of “gravity waves”. These are Ripples in the fabric of space. When the sun disappears, the ripples caused by this unfortunate event would spread out like ripples in a pond and hit the Earth, pushing it off course and forever changing the sunrises on Earth. And while they sounded great, the remained theory until something called LIGO.
Time duration: 3 Days
Big Idea: How does gravity behave as a “force at a distance”
Intended audience: High School Physics classes
Cost: You will need at least 1 interferometer kit. Ward’s Scientific sell a Michelson’s Interferometer Set for $195. I-fiberoptics sells a set for $100 (part number 45-942)
LIGO student accounts: If you do not have access, you will need to contact them thru the website to acquire it. You can then get access for your students.

[bookmark: _GoBack]STANDARDS ADDRESSED
Next Generation Science Standards
Disciplinary Core Ideas – Physical Science
	PS2.A: Forces and Motion
	PS2.B: Types of Interactions
	PS3.C: Relationship between Energy and Forces
Science and Engineering Practices
	2. Developing and using models
	4. Analyzing and interpreting data
	5. Using mathematics and computational thinking
	7. Engaging in argument from evidence
	8. Obtaining, evaluating, and communicating information
Crosscutting Concepts
	1. Influences of Engineering and Technology
	2. Cause and Effect: Mechanism and explanation
	3. Interdependence of Science, Engineering and Technology
	4. Systems and system models
Common Core Literacy Standards
Reading
	9-12.4: Determine the meaning of symbols, key terms . . .
	9-12.7: Translate quantitative or technical information . . .
Common Core Mathematics Standards
	MP2: Reason abstractly and quantitatively. :
Indiana State Standards
Standard 5: Vibrations, Waves :Apply Newton’s laws and the concepts of kinetic and potential energy to describe and explain the motion of vibrating objects.

P.5.1
Identify properties of objects that vibrate by using Newton’s laws to describe and explain the vibrational motion resulting from restoring forces, such as Hooke’s Law in the case of spring or gravity in the case of a small amplitude pendulum.
P.5.2 
Describe how vibrating objects can generate transverse and/or longitudinal waves so that energy is 
Transmitted without the transfer of energy. Distinguish longitudinal waves from transverse waves.
P.5.3 
Describe and analyze propagating waves in terms of their fundamental characteristics such as wave speed, wavelength, frequency or period, and amplitude.
P.5.4
Describe and explain the behavior of waves such as transmission, reflection, interference and polarizations. Qualitatively describe and explain the production and properties of standing waves.

Standard 6: Light and Optics: Understand the geometric nature of light propagation and its wave nature as observed in the propagation of light through space and its interactions with and in matter.

P.6.1
Understand the geometric nature of light in reflection and refraction and in image formation by lenses and mirrors. Use that geometric nature to graphically predict the formation of images by lens and mirrors.
P.6.2
Describe the electromagnetic spectrum (i.e., radio waves, microwaves, infrared, visible light, ultraviolet, X-rays and gamma rays) in terms of frequency, wavelength and energy. Recognizethat all these waves travel in a vacuum at the same speed

Standard 7: Modern Physics: Understand how our knowledge of physics has changed during the last hundred years, particularly in the areas of atomic and nuclear physics, quantum theory and relativity. Describe the structure of the atom and the reactions that occur in its nucleus. 


Enduring Understanding: disturbances in the fabric of space produce gravity waves. We can’t see them because we are in the same plain, but they are there.
Learning Objectives: The Students will be able to:
	State what Newton understood about gravity
	State what Einstein proposed about gravity.
	State what a gravitational wave is.
	Put together a laser interferometer from a kit
	Understand how a laser interferometer works
	Be able to state how the LIGO system works.
	Use Data from the LGO e-lab
	Summarize learning in Poster to be shared with class

Background knowledge:
The students need to have a working relationship with Newton’s ideas on Gravity. The students need to be introduced to Einstein and his ideas on Gravity and Space. If the teacher is uncomfortable with this, there are several good videos that can be had to that do a great job of explaining relativity. The students need to be able to interpret graphs.
The instructor needs to be familiar with the LIGO e-lab website. 

Resources:
· You will need to purchase or make an interferometer. Ward’s Scientific sell a Michelson’s Interferometer Set for $195. I-fiberoptics sells a set for $100 (part number 45-942)
· The students need access to LIGO and the e-lab
· There is a Powerpoint to show to the students that is to be used with this activity.
Implementation
Day 1: You need to go over the Powerpoint with the students. This will address Newton and Einstein’s view of gravity, talk about gravity waves and introduce LIGO to the students.
Day 2: Interferometer and LIGO
Setup: This depends on how many interferometer kits you were able to get. If you have enough for each lab group, then hand out the kits and let the kids go at it. You need to remind the kids to be careful with the laser light when they are setting up the reflecting surfaces.
If you only have 1, ask for volunteers and have each group set up a portion of the apparatus in front of the class. 
If you have one 1 set, you can have the students start their tour of the LIGO website while each group works on setting up the apparatus.
Now let the kids go at it. Have them see what happens when they bump of a table. 
Day 3: LIGO and the poster
LIGO: Talk about how LIGO is set up. Use the website, have the kids work their way thru the materials.
At this point, get out of the kids way. The LIGO website is an excellent resource. 
Have the student work their way thru with the final project being the completion of a poster.
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