Lesson Plan Information Sheet
	Author(s)
	Mallie Hunt, activity inspiration from Sara Rivero-Calle and University of Maine’s Ocean Optics course

	Author Affiliation (e.g. UGA, Athens, GA)
	University of Georgia and Skidaway Institute of Oceanography 

	Introduction/Abstract to Lesson Plan (max. 100 Words)
	Satellite observations of color can be used by oceanographers to study different oceanic processes. Understanding how satellites measure color and specific properties of light in the ocean (absorption, reflectance, scatter) is essential to research on ocean color. The color of the ocean is connected to various constituents in the water including phytoplankton, dissolved matter, and sediments which change the optical properties of the water. Linking these constituents to the color of the ocean can help oceanographers track changes in ocean composition and study various oceanic processes. 

	Key Words
	Wavelength, frequency, energy, absorption, reflection, scattering, color, ocean color, satellites

	Key Point
	Wavelength observations by satellites can be used by scientists to study the ocean. 

	List of Standards Addressed
(This should be list of all full standards addressed by the lesson.) 
	SP4. Obtain, evaluate, and communicate information about the properties and applications of waves.
e. Plan and carry out investigations to describe common features of light in terms of color, polarization, spectral composition, and wave speed in transparent media.
—Analyze experimentally and mathematically aspects of reflection and refraction of light waves and describe the results using optical ray diagrams.
—Perform calculations related to reflections from plane surfaces and focusing using thin lenses.


	Materials Required
	Note: These activities can be replaced by a teacher demonstration for Activity 1 and a PowerPoint discussion for Activity 2 (slides provided in PowerPoint) to accommodate limited funds. One activity can also be removed if time is limited. 
· PowerPoint capabilities will be needed
Activity 1:
· White background (could be a wall, dry erase board, large sheet of paper)
· Flashlights with white, red, blue, and green colored lights OR regular flashlights with red, blue, and green filters to put over the flashlight
· Black, white, red, blue, and green colored paper (can choose to add more colors)
Activity 2: 
· Mason jars or any type of clear container
· Yellow/brown CDOM water: Yellow food coloring or tea
· Turquoise coccolithophore water: Turquoise food coloring or add white chalk to blue food coloring
· Green chlorophyll/phytoplankton water: Green food coloring
· Brown sediment water: Dirt + water mixture
· Printed mix and match sheet

	Learning Objectives using Measurable Verbs (what students will be able to do)
	· Explain how wavelength is related to color
· Understand the relationship between wavelength, frequency, and energy
· Understand properties of light including absorption, reflectance, and scatter
· See real life applications of wavelength and color achieved by satellites

	Appropriate Grade Levels
	9-12

	Group Size/# of students activities are designed for
	Ideally groups of 3-4 students

	Setting (e.g. indoors, outdoors, lab, etc.)
	Indoors, classroom, or lab

	Approximate Time of Lesson 
	Intro and Background (10 minutes)
Activity 1 (20 minutes)
Additional background (15 minutes)
Activity 2 (20 minutes)


	Apps/Websites Needed
	Youtube

	Lesson Activity (step by step description of activity)

	Intro and Background:
· Engagement: Ask the class why the ocean is blue, discuss ideas
· Play “Why is the ocean blue?” by It’s AumSum Time on Youtube (https://youtu.be/jUbCoHqB41Y)

· Explain in more detail why ocean is blue using slides
· Explain long and short wavelengths and their energy
· Explain relationships between wavelength, frequency and energy
Activity 1 (this is written for groups, but can be changed to a teacher demonstration): 
· Separate into groups of 3
· Shine the white, red, blue, and green lights through different colored papers
· Have the students write down their observations and why they think different lights appear differently on papers of another color (this can be discussed after activity or handed in at the end of class)
Additional Background: 
· Explain ocean color and what causes changes in ocean color
· Show an example spectrum to prepare for Activity 2
· Explain what satellites measure and what we can learn from these measurements
Activity 2 (this is written for groups, but slides are provided to turn this into a discussion if needed): 
· Separate into groups of 4
· Have the students examine the jars. Ask them to think about what is causing this color and what light they think the water is absorbing and what light it is reflecting
· Ask the students to match the correct oceanic component and spectra to each colored jar
· Discuss results with the groups, have them explain their choices to the class 

	Final Product/Assessment (e.g. quiz, presentation, essay, etc.)
	Report from activity 1 and discussion of spectra matching results



