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Content Objectives

Imagine an advertisement that states: “Today fresh bananas that took one million years to make are only
$0.29 a pound!” When considering the origins of photons from the Sun that are captured by plants to make
sugar and release the vital byproduct of O2, this headline is fact, not exaggerated fiction. This unit for high
school biology of any level explores photons and photosynthesis.

Entering my 16th year of teaching biology, I have found the least amount of time to teach specific concepts
that stray from core curricular concepts. I teach in the city of Philadelphia at the Philadelphia High School for
Girls. With Pennsylvania state and Philadelphia city standardized tests driving much of the biology pacing,
there is not a lot of room for curricular creativity in a required subject like biology. As a magnet all-girls public
school, the Philadelphia High School for Girls attracts girls from throughout the sixth largest city in the United
States who are academically driven and passionate learners. The rigorous course work, including a
requirement for four years of science, demonstrates to the students that science is important. In ninth grade
they take biology, which is connected to Philadelphia Benchmark testing given four times a year and a
Pennsylvania Keystone test they are required to pass in biology to graduate. Because of the pressures to
teach to very specific concepts on these exams, time for anything beyond the standard curriculum is at a
premium.

My students certainly deserve a deeper dive into the inner workings of biological energy production like
photosynthesis than what is generally afforded based on the curriculum and testing requirements. In addition
to this, Earth and space science is not offered at all in high school. It is lightly glossed over in Environmental
Science, but its absence is a glaring hole in their schooling. With this, they lack fundamental knowledge of the
Sun. With its vital connection to life as we know it, photosynthesis and the sunlight necessary for it can be a
catalyst for another rarely taught attention-grabbing topic: life on other planets. This curriculum unit, The Sun
and Photosynthesis: From Photons to Astrobiology, unites these concepts.

Photosynthesis is one of the key metabolic concepts taught in high school biology. As a chemical reaction and
one of the few entry points into plants that most students receive in grades 9–12, it is both intuitive and
abstract. The majority of students understand what is needed to make sugar: CO2, H2O and sunlight. And while
there is a general comprehension of where the two chemical compounds commonly come from – the
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breathing of other organisms and precipitation – sunlight is the easiest to know. The Sun is in the sky, raining
sunbeams down on us and the rest of Earth. Plants absorb this sunlight to help power photosynthesis. But to
know something deeper about the origin of every photon of sunlight is outside of the boundaries of biology,
whether it be the version every student gets or a higher-level AP or IB course.

This curricular unit will pull back the curtain on the production of photons by our local star and reception of
photons by plants while also looking at the possibility for life elsewhere in the universe using the photon
journey and photosynthesis as a guide to life possibilities. In the first part of the unit the origin of photons in
the core of the sun and their journey to the earth will be revealed in lectures, student research and labs. The
second part of the unit will engage students in researching and presenting how interruptions or dilution of
sunlight reception by plants via occurrences on Earth can affect photosynthetic output. The final section of the
unit will turn students into fledgling astrobiologists who investigate possibilities for life throughout the galaxy
and share their findings with the class.

The following are the overarching individual objectives for each piece of the unit’s main content.

Students will understand how a photon journeys from the Sun to a vital part of producing sugar and O21.
in photosynthesis.
Students will understand how disasters can impact the atmosphere and consequentially the ability for2.
photons to reach plants so photosynthesis can occur.
Students will understand how astrobiology can identify potential habitable planets where photons from3.
the nearest star could participate in photosynthesis.

Photon Journey and Photosynthesis

In order to understand the place of a photon in the process of photosynthesis, there needs to be an
understanding of where the photon comes from, how long it takes to get out of the Sun, how long it takes to
get here, how it enters photosynthesis and how it is used in photosynthesis. The story begins in the Sun’s
core. A middle-aged yellow dwarf star that is around 4.5 billion years old, the Sun has a core that can reach a
temperature of around 15 million degrees Celsius. The Sun generates about 4 x 1026 watts of energy through
thermonuclear fusion. This fusion combines four hydrogen nuclei into one helium nucleus through the proton-
proton chain. As a result of this, a gamma ray photon is emitted. And it is this photon’s journey we are going
to focus on.

There are many hurdles for this photon on its journey. To begin with, the Sun’s core is dense at 150 g/cm3 .
The other layers of the Sun cause compression due to gravity, leading to the immense heat and density in the
core. The core is so packed with the hydrogen, which provides the protons necessary for thermonuclear fusion
and helium that is produced in the reactions, that an emitted gamma ray can only travel a tenth of a
millimeter to a centimeter in the core before being absorbed and re-radiated by another atom. These short
distances do not generally follow a straight path either. When a photon is re-radiated by an atom, it has the
potential to go in any direction. This is called the “drunkard’s walk.” If there are normally 10 movements to
get from point A to point B, it would take 102 or 100 movements to get from A to B because of the
randomness of movement.

Thousands upon thousands of years pass before the gamma ray photon reaches the radiative zone of the Sun
(see Figure 1). This zone extends to 496,000 km from the center of the Sun and is cooler than the core at 7
million degrees Celsius. Energy travels by radiation in this zone, with the photon being radiated at longer
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wavelengths after each absorption and re-radiation. The photon then enters the convective zone where
energy is carried by moving matter through convection. The photon heats the gas in this zone, which is
around 2 million degrees Celsius. Even with this heat it is not hot enough to re-radiate energy from the
photon. Instead, the heated gases in the convective zone rise, carrying the photon with it. As the photon
moves with these processes through the Sun, the photon loses energy at each step of the process.

Figure 1 Shown here are a photon's first two points on its journey, the core and the radiative zone.1

The last step in the Sun’s structure for photons is the photosphere. To get here from the core of the Sun takes
between thousands and millions of years, depending on how the drunkard’s walk goes. In the photosphere,
which is much cooler at 5800 degrees Celsius, granules and supergranules cover the surface. They are like
giant cells that carry hot gas in many directions: towards the surface, sideways, and back down. Within the
supergranules are smaller granules, millions of which cover the Sun’s surface. The granules are like hot
bubbling gas cells that last 8-10 minutes. In this time, photons are radiated into space.

The Sun is 94.5 million miles from Earth. A photon that originated in the core of the Sun has taken between a
few thousand years to millions of year to reach this point of traveling to Earth. Photons travel at the speed of
light and they are passing through the vacuum of space to get from the Sun to Earth. Currently lacking any
information about what kind of photon it was because of becoming thermalized, this photon, which was
birthed so long ago, takes 8 minutes and 20 seconds to reach Earth.

When a photon enters the Earth’s atmosphere, its wavelengths could be in the infrared, ultraviolet, or visible
light range of the electromagnetic spectrum (see Figure 2). Just as humans see the visible light spectrum,
which is between wavelengths of 380 nm and 700 nm, plants also rely on this part of the spectrum for
photosynthesis. When a photon comes into contact with a plant, it passes through the outermost layer of a
plant leaf, the epidermis. Below the epidermis is the mesophyll layer of a leaf. Here the palisade parenchyma
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is found, which is the leaf layer with cells that have chloroplasts, the structures responsible for photosynthesis.
The photon passes into the chloroplast and interacts with one of the chloroplast’s pigments. The two major
chlorophyll pigments are chlorophyll a and chlorophyll b. Chlorophyll a absorbs blue and red visible
wavelengths the most, while chlorophyll b absorbs blue and red-orange the most. There are also accessory
pigments, the carotenoids, which absorb blue-green the most.

Figure 2 Shown here are the wavelengths of light among the electromagnetic spectrum.2

When this single photon strikes chlorophyll, an electron in the chlorophyll is excited, beginning the first stage
of photosynthesis, the light-dependent reactions. This occurs in photosystem II, a multiprotein complex in one
part of a chloroplast membrane known as the thylakoid membrane. When the excited electron leaves, a
molecule of water splits, releasing an electron back to the chlorophyll, resulting in oxygen and hydrogen ion
formation. The electron originally released by the chlorophyll in photosystem II travels through an electron
transport chain in the thylakoid membrane until it is accepted by a chlorophyll in another multiprotein
complex known as photosystem I. The energy lost from this electron helps to pump hydrogen ions into the
interior of the thylakoid of the chloroplast. When in photosystem I, the electron is reenergized by the
absorption of another photon. As a result of this absorption of another photon, an electron is sent to enzyme
cofactor NADP+ to form its reduced form, NADPH, which will be useful in the Calvin cycle of photosynthesis. As
a byproduct of the movement of these electrons from multiple photons, the hydrogen ions form a
concentration gradient inside a thylakoid of a chloroplast and pass through the ATP synthase in the thylakoid
membrane to aid in the catalyzation of ATP. The NADPH and ATP move onto the Calvin cycle. In order to get a
single molecule byproduct of O2, eight photons are needed in the light-dependent reactions.
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CO2 enters the equation in the Calvin cycle of photosynthesis. In order to fulfill the entirety of the
photosynthesis equation, Light + 6CO2 + H2O → C6H12O6 + 6O2, six CO2 molecules need to go through the
Calvin cycle. In order to make the C6H12O6 with the six CO2 and six O2 molecules, a minimum of 48 photons
need to be absorbed in the light-dependent reactions. 48 different photons, that have already existed for
thousands to millions of years will be used to make one molecule of sugar needed by plant for energy in
aerobic cell respiration and needed by other organisms that require the sugar when eating the plant itself.

Photon Journey and Photosynthesis Objectives:

Students will understand how photons are produced in the Sun and how they get to the Earth.1.
Students will understand how photons are vital to photosynthesis reactions and the resulting products.2.

Interference with Photosynthesis

If something impedes the reception of photons, photosynthesis can be impacted. 66 million years ago an
asteroid struck Earth in what is now the Yucatán Peninsula, creating the Chicxulub crater. This led to the
extinction of more than 75% of Earth’s species at the boundary of the geologic Cretaceous and Paleogene
periods. The asteroid impact created the 150 km Chicxulub crater, which lacked sulfur that should have been
in the rock. Abundant in surrounding rocks, upwards of 325 gigatons of sulfur instead was released into the
atmosphere. The sulfur would have created a haze that blocked photons from reaching Earth. The impact of
the asteroid created shockwaves generating upwards of magnitude 9 earthquakes across Earth. Such
shockwaves would have led to volcanic eruptions around the planet, ejecting particles that would have
blocked photons. These particles in the atmosphere might have lasted a decade or longer. In addition,
asteroid impact ejecta, which is material forced out due to an asteroid impact, superheated the atmosphere.
This heat radiated to the ground, possibly raising surface temperatures 100s of degrees, causing wildfires to
occur throughout the planet. Such fires would have caused soot to reach the atmosphere, further blocking
photons. The immediate collapse of photosynthesis is met with a longer term positive. The rock in the ground
where the asteroid hit was also rich in carbonate. The impact sent carbon dioxide into the atmosphere. Most
certainly causing global warming in the immediate aftermath of the impact, carbon dioxide would have
lingered in the atmosphere potentially long enough to be used by plants when photons more regularly
reached the surface, leading to greater ability for photosynthesis after the massive die-offs and extinctions.
So, there were positives mixed in with all the negatives for photosynthesis found in this devastating event.  

On April 5, 1815, the volcano Mount Tambora located in Indonesia became active. The volcano exploded over
the following four months. This largest and most destructive of volcanic explosions in recorded history, the
Mount Tambora eruption released around 150 cubic km of ash, pumice, other rocks and aerosols, including 60
megatons of sulfur, into the atmosphere. All of these substances prevented great amounts of photons from
reaching the planet’s surface and reduced average temperatures by up to 3 degrees Celsius. All of this led to
weather catastrophe a year later in 1816, the “year without a summer.” Frost events killed crops during the
summer in North America and Europe. This occurrence shows how volcanic eruptions can have lasting impacts
in other parts of the world when there is a reduction of photons being collected by plants for photosynthesis.

Not all volcanic eruptions lead to the same photosynthetic catastrophes. Much was studied after Mount
Pinatubo erupted in the Philippines in 1991. Solar radiation decreased by around five percent, while direct
radiation decreased by as much as 30%. With these changes, plants still could photosynthesize. Constant
direct sunlight can lead to chloroplasts being saturated by photons, leveling off photosynthesis. Diffuse photon
levels can actually be better in the long run. More carbon (up to two times as much) can be absorbed by the
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atmosphere in diffuse light, leading to an overall positive outcome in volcanic eruption occurrences.

When nuclear radiation or nuclear bombs affect an ecosystem, the damage to photosynthesis is only partially
understood. Studies of plant life in Chernobyl post 1986 meltdown and the 1999 NATO bombing of Serbia with
depleted uranium, some possible effects have been revealed. Photosynthetic pigment production is inhibited,
which would limit the absorption of photons. Close to the epicenter of the meltdown or bombing there was
high mortality of plants, stopping photosynthesis altogether. And as for nuclear bomb detonation, other than
over the short term when the bomb exploded, there is no clear evidence of any long-term effects on photons
getting through the atmosphere to plants below.

With wildfires in the news every year, they on their own should also be considered in how they affect photon
absorption by plants. Consider the Australian wildfires that lasted from June 2019 until March 2020. Sunlight
and, consequentially, photons had a reduced ability to reach Earth’s surface through the smoke of the fires.
Satellite data showed that smoke aerosols formed a smoke cloud three-times larger than anything previously
recorded globally, blocking sunlight from reaching the Earth. This led to a decrease in temperature of cloud-
free areas of seas in the Southern Hemisphere by 1 Watt per square meter. There is a future upshot for
photosynthesis after the wildfires. Plants will reappear in fire scorched areas through ecological succession
and thus have access to increased CO2 in the atmosphere from the fires, leading to increased rates of
photosynthesis. This shows how these disasters are nuanced in their effects on sunlight reaching Earth and
the subsequent photosynthesis processing by plants.

Interference with Photosynthesis Objectives:

Students will understand how natural disasters like asteroid impacts, volcanic activity and fires can1.
impact photon delivery to photosynthetic organisms.
Students will understand how man-made disasters like nuclear weapon explosions or nuclear reactor2.
meltdowns can impact photon delivery to photosynthetic organisms.

Astrobiology and Photosynthesis

Astrobiology studies how life in the universe originated, evolved and is distributed. It does this by first looking
at how life works on planet Earth. Astrobiologists then apply what is know about the characteristics of life to
other places in the universe to predict where life could exist. The understanding of life begins with a baseline
of requirements: having cells, genetic material, the ability to reproduce, the ability to evolve, the ability to
respond to the environment, homeostasis or a stable internal environment, the ability to grow develop and
metabolism. Metabolism is where photosynthesis and photons come into the picture, as the processing of
energy through photosynthesis is vital to the vast majority of organisms’ survival. And then there is water,
which is a substrate necessary for all life.

Water is thought to be used to show life can exist on a planet. And the thinking had been that water can only
be found on planets in habitable zones or Goldilocks zones around a star. This is determined by a planet’s
proximity to a star. If the planet is too close water could not exist because it would be too heated, while if it is
too far away it would be solid ice and never allow for life. Being just the right distance lines up with the
concept of Goldilocks. Just having water is not enough to say life exists, though, as Jupiter’s moon Europa,
shows. It does have water. But there is no proof of life we have found. Water has been found in lakes hidden
under Mars’ surface, but there is no proof that there is life. As we look to the rest of the universe, water is part
of what is necessary for life.
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Another way to tell if a planet is potentially habitable with photosynthetic life is to look for O2. This is a key
biosignature, or chemical signature of life, because it is usually produced by photosynthetic life, can be found
in detectable levels in the atmosphere, and has a spectral signature wavelength that astronomical
instruments can detect. O2 has wavelengths detectable from ultraviolet to infrared from itself, O3 or O4. O2 is
also mixed throughout different layers of the atmosphere, making it more readily found by astronomical
instrumentation. The detection of O2 is not fool proof for finding life, though. It can be produced abiotically
when H2O is photolyzed outside of photosynthesis via interaction with photons. O2 and its close relatives have
been found in atmospheres in the solar system. Mars and Venus have small amounts of O3 from photolytic
reactions with CO2 while Neptune can accumulate O2 because of its distance from the sun and not being in the
habitable zone.

Looking for H2O and O2 is not a surefire way to determine if a planet is habitable, but it is a start. Looking for
the light spectrum of water in different climate states will make this data even more helpful in discovering
alien life. Cold, warm and the very warm “runaway Greenhouse” climate, which can cause oceans to
evaporate and lost to space, all have different amounts of H2O vapor in their atmospheres. So, by looking at
spectra from planets that can be detected, the type of atmosphere present can be determined. The challenge
is being able to examine planets near to certain stars. M and K stars are fainter than the Sun (a G2 star), but
they are more common and hence people are fixated on planets near them. The temperatures of these stars
are much cooler than the Sun, with the effective temperature of M stars being 2,300-3,900 degrees C and K
stars being 3,900 to 5,200 degrees C versus the Sun’s effective temperature of 5,780 degrees C. So the
habitable zones will be closer to the stars, allowing for the possibility for life. With the cooler temperatures,
different wavelengths will be emitted, with more emissions in the larger wavelengths. So photosynthesis as is
known now would have to differ on possible life-bearing planets or not occur at all. On the other hand, there
are greater dangers of increased UV and Xray bombardment, which would inhibit life as we know it (see Figure
3).
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Figure 3 Star types M, K, and G are compared here in habitable zone size, x-ray irradiance, relative
abundance, and longevity.3

Let us consider some potential habitable exoplanets. Kepler-186f is about 500 light-years from Earth in the
Kepler-186 system, which resides in the constellation Cygnus. The star it orbits is an M dwarf, which is cooler
than the Sun and is about half the size and mass of the Sun. Kepler-186f is Earth-sized, most likely rocky and
is in the habitable zone, so it has the ability to have liquid water that pools on the surface. Kepler-452b is also
a candidate for a life-supporting planet. Sixty percent larger in diameter than Earth and only five percent
further from its parent star, Kepler-452b is tantalizing in its potential to harbor life. Another potential life-
providing planet is TRAPPIST-1d. It is Earth-sized, rocky and in the habitable zone. Only around 40 light-years
from Earth, it orbits a red dwarf. There is a good change it has liquid water as well. Both Kepler-186f and
TRAPPIST-1d are good candidates for carrying life and therefore having photosynthesis.

Of course, we know of life only on Earth. But what if there is another way to do photosynthesis that could
evolve on a different planet? One consideration of binary and multiple-star systems. These systems are
dominated by M and G stars. One of the issues becomes how would organisms, if they existed, evolve to adapt
to different types of wavelengths coming from the two stars. One star would be closer and one further away. It
is hypothesized that infrared and ultraviolet wavelengths could be emanating from the stars. Cyanobacteria
can use infrared light to perform photosynthesis. And despite damaging internal photosynthetic machinery
like photosystem II, ultraviolet light could also be beneficial for some forms of photosynthesis in the short
term. Using these possibilities for binary and multiple star photon production, the potential for photosynthetic
life to thrive elsewhere has increased greatly.  

Astrobiology and Photosynthesis Objectives:
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Students will understand astrobiology and its applications.1.
Students will understand how to use data about distant planets and their accompanying stars to2.
determine if the planet could be habitable or not.

Teaching Strategies

Photon Journey and Photosynthesis

In the beginning of this part of the unit direct lecture and notes will be given. Students need to be taught the
information about the photon development in the Sun, its travels to Earth and its interactions in
photosynthesis. This unit is about photons and photosynthesis, so when photosynthesis does not need
photons anymore, further discussion of photosynthesis will not occur because all the main parts of the process
will have been described by that point anyway. Lecture will be given through Power Point or Google Slides.
Students will have questions to answer in writing in their notebook from each slide as well as sketches to
make. By putting this information in writing, students will have a first part of retention that they will then go
back over later when reviewing and/or rewriting notes.

Another key strategy for this part of the unit is visualization of information. In order for students to best
understand the timing of photon development as well as distances travelled, visualizing them will give
students a better grasp on the topic. To engage students with thinking about large time scales and distances
in a visual manner, students will have more concrete ways then just some numbers to consider the concepts
of photon development and subsequent travel from the Sun to the Earth.

A third strategy used in this part of the unit will be an inquiry-based lab. This portion of the unit will integrate
the two concepts of photons and photosynthesis that has been developed. Students should have questions
ready to ask based on the notes taken and the visualizations created. By allowing students to inquire about
their own interests with a testable question, they will deepen the understanding of the photons and
photosynthesis. Furthermore, this will be a summative assessment for this part of the unit. Their
comprehension of each part of this unit segment will be shown in their reporting and analysis of the
experiment and its results.

Interference with Photosynthesis

This part of the unit will revolve around student-led classroom experiences. Students will do independent
research on how disasters can potentially lead to photosynthetic interference through blockage of photons
reaching the Earth. Students will then teach the class about what they learned. Such a strategy of having
students responsible for teaching the topic to the rest of their peers will increase interest in the content and
enhance understanding of the topics since students have authority over the research of ideas presented. The
completion of this activity by each student or groups of students (depending on class size) will also be a
summative assessment for this portion of the unit. Students will show how much they comprehend about the
concepts of photosynthesis productivity and how it may and/or may not be impacted by environmental
conditions.
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Astrobiology and Photosynthesis

This final part of the curriculum unit will first involve a notes jigsaw. Students will be assembled into groups to
discover parts of astrobiology concepts that they will share with their whole group. Students will benefit from
learning from each other in a group setting. By interacting with texts and visual resources first on their own,
students are owning the content and concepts. Tasked with sharing with other students in a small group
format forces each student to be knowledgeable about the topic they have researched. And then to synthesize
the concepts of each other group member will further develop the understanding of the astrobiology content.

Astrobiology and Photosynthesis will conclude with inquiry-based instruction. Students will choose an
exoplanet to study. Using information learned in this part of the unit about photons, photosynthesis and what
determines if something is alive, students will use data collected to determine the habitability of the
researched planet. This will be a summative assessment for this portion of the full unit. As has been a theme
with teaching strategies, students will be synthesizing multiple concepts learned throughout the larger unit, as
they have been building on each other in each part, and in this unit specifically. With choice involved in
inquiry, students are deciding how all the parts work together to suggest something that is still not known: if
their chosen exoplanet can have any lifeforms. Throughout the unit students have had many different hats to
wear: listener, writer, researcher, experimenter, group worker, and presenter. In teaching students how to
integrate all of these into a cohesive whole is the key to the unit’s success.

Classroom Activities

Photon Journey and Photosynthesis

In the beginning of this part of the unit direct lecture and notes will be given. These will be provided with
Power Point or Google Slides. Students will take notes in written and sketch form about photon creation,
movement within the Sun, movement from the Sun to Earth and movement within the chloroplast for
photosynthesis. In order for students to best understand the timing of photon development as well as
distances travelled, students will use the classroom or the hallway to visualize time elapsed and distance
traveled. They can visualize the time elapsed of a photon escaping the Sun, scaling it onto an image of a clock
representing 24 hours. And they will take the actual distance traversed and do a scaled down representation.

A third strategy used in this part of the unit will be an inquiry-based lab. Students will be given many options
to explore: acquisition of CO2 through stomata of different plants or the same plant with changes to the
stomata, growing plants with and without photon exposure, and seeing how different plants respond to the
same environmental light exposure. Students can own their learning here, choosing a lab they are most
interested in and making a lab report based on the results to be shared in a poster session with everyone in
the class.

Photosynthesis Interference

The student-led classroom experiences for this part of the unit will engage students with independent
research and presentation skills. Students will choose a disaster of their choice of to study: dinosaur-killing
asteroid, volcano that caused a year without a summer, a nuclear blast or forest fires. Students will use
information collected through independent research to determine how these disasters can impact photon
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diffusion to plants for photosynthetic processing. Based on their findings, they will present to the class how
these events have classically worked based on the data, whether or not the event hurts the rest of life on the
planet in the same way as it hurts plants and how we can better prepare for and prevent or cause (depending
on whether or not the event helps or hurts photosynthesis) this to occur in the future.

Astrobiology and Photosynthesis

For the jigsaw that starts this final part of the curriculum, students will be in home groups of 3-6 and divide up
to read about specific aspects of astrobiology that will then share with each other. This will be the background
information for the inquiry-based research. Students will then choose one exoplanet to study from a vast list.
They will investigate all known data about it, which can include some or all of the following: parent star(s),
mass, diameter, biosignatures, rocky or not, and water-bearing or not. Students will then do a Claim Evidence
Reasoning paper where they will make a claim about whether or not the planet can be habitable based on
evidence that exists and reasoning about what is needed for life. Students will put this information on poster
paper so students can do a gallery walk of each other’s claims and write on Post-It Notes put on the posters
whether or not they agree with the claims and why.

____________________________________________________

1 Found in "Mysteries of the Sun," NASA.

2 Found in "Tour of the Electromagnetic Spectrum," NASA.

3 Found in "The Search for Life," NASA.
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and its Earth-like characteristics.

Kring, David A. and Jake Bailey. Impact Generated Wildfires,
https://www.lpi.usra.edu/science/kring/epo_web/impact_cratering/enviropages/wildfiresweb.html (accessed
August 11, 2021). This site discusses how cratering events can cause wildfires.

Kruszelnicki, Karl S. “Sun Makes Slow Light,” ABC, last modified April 24, 2012,
https://www.abc.net.au/science/articles/2012/04/24/3483573.htm. This article explains how photons are made
in the Sun.

Lomax, Barry, David Beerling, Garland Upchurch, and Bette Otto-Bliesner. “Rapid (10-YR) Recovery of
Terrestrial Productivity in a Simulation Study of the Terminal Cretaceous Impact Event,” Earth and Planetary
Science Letters 192, no. 2 (2001): 137–44. https://doi.org/10.1016/s0012-821x(01)00447-2. This article looks
at how the Chicxulub impact event impacted life on Earth.
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Meadows, Victoria S. “Reflections on O2 as a Biosignature in Exoplanetary Atmospheres,” Astrobiology 17, no.
10 (2017): 1022–52. https://doi.org/10.1089/ast.2016.1578. This article discusses the value of oxygen as a
biosignature.

Miller, Cole. “The Habitable Zone,” University of Maryland, https://www.astro.umd.edu/
~miller/teaching/astr380f09/lecture14.pdf. This document describes what is meant by “the habitable zone.”

National Research Council. Effects of Nuclear Earth-Penetrator and Other Weapons. The National Academies
Press, 2005. https://doi.org/10.17226/11282. This source provided information on how nuclear radiation from
weapons could affect life.

O'Malley-James, J.T., J.A. Raven, C.S. Cockell, and J.S. Greaves. “Life and Light: Exotic Photosynthesis in Binary
and Multiple-Star Systems,” Astrobiology 12, no. 2 (2012): 115–24. https://doi.org/10.1089/ast.2011.0678. This
article explores how photosynthesis would work in a system with more than one star.

Szilárd, András, László Sass, Zsuzsanna Deák, and Imre Vass. “The Sensitivity OF Photosystem II to Damage
by UV-B Radiation Depends on the Oxidation State of the Water-Splitting Complex,” Biochimica et Biophysica
Acta (BBA) - Bioenergetics 1767, no. 6 (2007): 876–82. https://doi.org/10.1016/j.bbabio.2006.11.020. This
article examines how UV-B radiation impacts photosynthesis.

Thompson, Avery. “A Photon's Million-Year Journey from the Center of the Sun,” Futurism, last modified August
26, 2015. https://futurism.com/photons-million-year-journey-center-sun. This article explains a photon’s
journey from the Sun to the Earth.

Wright, Laura. “In Aftermath of Volcanic Eruption, Photosynthesis Waxes, Carbon Dioxide Wanes.” Scientific
American, last modified March 28, 2003, https://www.scientificamerican.com/ article/in-aftermath-of-volcanic/.
This article discusses how photosynthesis and carbon dioxide levels fluctuate after volcanic activity.

Yeung, Jessie. “Australia's Wildfires Released as Much Smoke as a Massive Volcanic Eruption, Study Finds.”
CNN, last modified March 18, 2021,
https://www.cnn.com/2021/03/18/australia/australia-wildfires-smoke-volcano-intl-hnk-scn/index.html. This
article details smoke impacts on the environment from the Australian wildfires.

“Antenna Complexes for Photosynthesis.” Photon Absorption for Photosynthesis,
http://hyperphysics.phy-astr.gsu.edu/hbase/Biology/antpho.html (accessed August 11, 2021). This site
explains how the structure of photosynthetic pigments in chloroplasts are arranged.

“Chicxulub.” Earth Impact Database, http://www.passc.net/EarthImpactDatabase/
New%20website_05-2018/Chicxulub.html (accessed August 11, 2021). This site provided important
information about the Chicxulub crater.

“Chicxulub Impact Event: Global Effects.” Lunar and Planetary Institute,
https://www.lpi.usra.edu/science/kring/Chicxulub/global-effects/ (accessed August 12, 2021). This site looks at
how Earth was affected by the Chicxulub impact event.

“Europa,” NASA, last modified July 19, 2021.
https://solarsystem.nasa.gov/moons/jupiter-moons/europa/in-depth/. This website has in depth information on
Europa.
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“How Volcanoes Influence Climate.” UCAR Center for Science Education,
https://scied.ucar.edu/learning-zone/how-climate-works/how-volcanoes-influenceclimate#:~:text=The%20gas
es%20and%20dust%20particles,the%20characteristics%20of%20the%20eruption (accessed August 11, 2021).
This article discusses how volcanic activity affects the climate.

“Exoplanet Catalog: TRAPPIST-1 d.” NASA, https://exoplanets.nasa.gov/exoplanet-catalog/5502/trappist-1-d/
(accessed August 12, 2021). This webpage discusses exoplanet TRAPPIST-1 d.

“Mysteries of the Sun.” NASA, https://science.nasa.gov/heliophysics/mysteries-of-the-sun (accessed August
11, 2021). This is a valuable text resource on the Sun.

“The Search for Life.” NASA, https://exoplanets.nasa.gov/search-for-life/ (accessed August 11, 2021). This is a
valuable resource on astrobiology.

“Tour of the Electromagnetic Spectrum.” NASA, https://science.nasa.gov/ems/ (accessed August 11, 2021).
This is a valuable text resource on the electromagnetic spectrum.

Reading List for Students

Eggebrecht, John and Julianne Zedalia. Biology for AP Courses. OpenStax, 2017. Text provided useful
information for descriptions of photosynthesis.

Fox, Karen. “NASA Viz: Origin of Light,” NASA, last modified October 4, 2012. https://svs.gsfc.nasa.gov/11084.
This article provides visualizations for photon creation in the Sun.

Franknoi, Andrew. Astronomy. Openstax, 2016. Text provided extensive information for unit.

Kaufman, Marc. “NASA Astrobiology,” NASA, https://astrobiology.nasa.gov/about/ (accessed August 12, 2021).
This is an introduction to astrobiology.

Krulwich, Robert. “Sunshine's Crazy Sloppy Path to You,” National Geographic, last modified May 3, 2021,
https://www.nationalgeographic.com/science/article/sunshines-crazysloppy-path-to-you. This article explains a
photon’s journey from the Sun to Earth.

Wei-Haas, Maya. “Last Day of the Dinosaurs’ Reign Captured in Stunning Detail,” National Geographic, last
modified May 3, 2021,
https://www.nationalgeographic.com/science/article/last-day-dinosaurs-reign-captured-stunning-detail. This
article provides helpful information on the extinction of dinosaurs.

“Mount Tambora and the Year without a Summer.” UCAR Center for Science Education,
https://scied.ucar.edu/learning-zone/how-climate-works/mount-tambora-and-year-without-summer (accessed
August 12, 2021). This article is about the Mount Tambora volcanic eruption and its worldwide effects.

“Our Sun.” NASA, last modified August 9, 2021, https://solarsystem.nasa.gov/solar-system/sun/overview/. This
is an in-depth website about the Sun.

“Photons.” EDP-Sciences, https://www.radioactivity.eu.com/site/pages/Photons.htm (accessed August 11,
2021). This webpage provides vital information on photons.
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“Pigments.” The Biology Project, last modified November 27, 2001, http://www.biology. arizona.edu/
biochemistry/problem_sets/intro_photosynthesis/pigments.html. This is a solid resource for discussing
photosynthetic pigments.

List of Materials for Classroom Use

“Biology Terms - Glossary of Biology Terms and Definitions.” Biology Wise, last modified October 9, 2009,
https://biologywise.com/biology-glossary-of-terms-definitions. Teachers and students alike will need extensive
vocabulary for this curriculum and this will be essential for the biology terms.

“Glossary.” Space Telescope Science Institute, https://hubblesite.org/glossary (accessed August 11, 2021).
Teachers and students alike will need extensive vocabulary for this curriculum and this will be essential for the
astronomical terms.

Appendix on Implementing District Standards

NGSS Standards

*HS-ESS1-1: Earth’s Place in the Universe – (PS3.D: Energy in Chemical Processes and Everyday Life) Nuclear
fusion processes in the center of the sun release the energy that ultimately reaches Earth as radiation.

*HS-LS1-5: From Molecules to Organisms: Structures and Processes – (LS1.C: Organization for Matter and
Energy Flow in Organisms) The process of photosynthesis converts light energy by converting carbon dioxide
plus water into sugars plus released oxygen.

Common Core Standards

*CCSS.ELA-LITERACY.RST.9-10.1: Cite specific textual evidence to support analysis of science texts. Students
will be doing research on topics in this unit that require textual evidence.

*CCSS.ELA-LITERACY.RST.9-10.3: Follow precisely a complex multi-step procedure when carrying out
experiments. Students will be doing a lab in the first part of this unit on photons and photosynthesis and will
have to follow scientific experimentation procedures that they identify for the experiment.

*CCSS.ELA-LITERACY.RST.9-10.7: Assess extent to which the reasoning and evidence in a text supports the
author’s claim. Students will be doing a Claim Evidence Reasoning paper and will be required to determine
what the evidence and reasoning is to back up their own claims.
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