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Lesson Overview: 
Level: Middle and High School 		Time: two 88 minute class periods
Students will research the cause for aurora and learn the phases of an auroral substorm.  Students will apply what they learned to new pictures of aurora and answer questions about the auroral pictures they see.  Then students will research and make a poster depicting many of the past, current, and future heliophysics missions.  Presentations will be made to the class, students will communicate what was gained or will be gained from these missions.

Educator Background Knowledge
Educators should be familiar with the different substorm phases and Heliophysics missions.

Framework for Heliophysics Education 
NASA Question: What causes the Sun to vary? Big Idea: Energy from the Sun is created in the core and travels outward through the Sun and into the heliosphere.

NGSS Performance Expectations
· HS-ESS1-1

Common Core Standards for Mathematical Practice
CCSS.MATH.PRACTICE.MP1
CCSS.MATH.PRACTICE.MP3
CCSS.MATH.PRACTICE.MP8

Targeted STEM Skills
· Analyzing and interpreting data 
· engaging in argument from evidence 
· obtaining, evaluating, and communicating information

Learning Goal
To learn more about aurora, how they form, and the different phases they go through as they propagate.  Another goal in this unit is to learn about several heliophysics missions.

Learning Objectives
Students will:
· Complete research on aurora and auroral substorm phases and answer several questions from their research.
· Apply the knowledge gained during their research on aurora to new pictures of aurora they have not seen.  
· Describe the substorm phase observed and the location of the observer.
· Give a description of the aurora using terminology found in their research.
· Compare the substorm phase observed to the latitude of the observer.
· Conduct research on 1 heliophysics mission and complete a poster depicting several facts about the mission.
· Communicate what was gained from their research to fellow classmates.  

See Handouts following the lesson
· Aurora reading
· Aurora questions
· Aurora substorm phases lab
· Student heliophysics mission poster

Links to Digital Resources for Students
· Aurora Image Gallery
· Aurorasaurus

Key Vocabulary
Aurora, substorm, phases of an auroral substorm



Materials
· Heliospheric mission decal cards to hand out to student groups. See examples in the Handouts session. See all the missions here:  Heliophysics Missions Poster
· Access to Canva or other tool

Material Preparation:
· Make and laminate the heliophysics mission cards students are going to research (optional)
· Make copies of the handouts or have them do the work digitally using the links above. (aurora pictures must be in color to correctly assign substorm phases, I made colored copies and then laminated them for classroom use.  Or have them use a computer to view them)
· Locate a youtube video of aurora to engage student interest.
 
Steps
Day 1
1. Begin class by asking the students if they have ever seen the Aurora Borealis?  Also discuss the southern lights, Aurora Australis.  Show the students footage from aurora from youtube.  
2. Explain to them what a substorm is and that the substorm progresses in a set of phases, have them read the article on aurora substorms and answer the questions  (see Handouts). When completed, discuss what they learned about the phases of a substorm.
3. Now, students will complete the aurora substorm phases lab and answer the questions (see handouts.  When completed take time to go over with the students, especially the questions at the end of the lab.  Refer students to the website Aurorasaurus https://www.aurorasaurus.org/ 
Day 2
1. Review what was done on Day 1 –aurora, the substorm phases, and the cause for aurora. Pass the heliophysics mission cards out, one for each student. Using the handout linked above, have the students research the heliophysics mission they were assigned. Students can use an app like Canva, to make a poster highlighting their heliophysics mission.
2. When students have completed their poster, they present it to the class.  Students should jot down some notes in their science notebook for each mission.
3. The substorm phases (still pictures) and basic information on heliophysics missions will be included in the unit test.

5E Steps
Engage
Student engagement is attained by the initial discussion of the sighting of aurora and the youtube video on aurora.

Explore
Students explore and research aurora and learn the terminology for an auroral substorm by looking at still photographs as well as gifs of aurora.  

Explain
Group discussion and notes on auroral substorms for a check for understanding.

Elaborate
Students apply knowledge gained during their research on still photographs of the aurora from around the world which they have never seen.  

Evaluate
An evaluation of this lesson will be on the unit test.

Handouts
Aurora Substorms reading
[image: ]
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[image: ]Questions about Aurora after reading
1. What causes the light that we see when we observe the aurora?
2. What is an auroral substorm?
3. What are the four phases of an auroral substorm?
4. What are arches and arcs? What color are they? Do they move? What phases are they found in? 
5. What occurs during the growth phase of an auroral substorm?
6. What is a curtain or drape? Do they move? What color are they? What phase are they associated with?
7. What is a substorm onset?
8. What is a corona? What phase are they associated with?
9. What are diffuse glows? What color are they?
10. Do the aurora give off sound?

Electromagnets and the Earth's Magnetic Field 
1. What is an electromagnet? 
2. Set up the electromagnet using the materials you are given. 
3. How much weight can the electromagnet hold before it breaks? 
4. Describe how a compass needle reacts when it is brought near the electromagnet. 
5. Explain how the magnetic field of the earth is generated now that you know how an 
electromagnet works. Make a simple motor using the materials you have been given. 
6. How does the world's simplest motor work? 

Magnetism and the Magnetic Field around a bar magnet
Materials: White poster board, Bar magnet, Transparent compass 
1. What types of materials interact with magnets?
2. What happens when you bring a compass near a magnet?
3. Draw what you hypothesize the magnetic field will look like around the single bar magnet.  Include arrows that point in the direction the compass points north.
4. Procedure
5. Draw how it looks from your measurements with the compass?
6. How does the magnetic field vary far from the magnet?  Why do you think this occurs?

Examples of Mission Decal Cards
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Heliophysics Quiz
Name: 
____________ 1. A type of aurora that is observed when an active curtain passes over an observer's zenith. 
_____________2. Occurs when the auroral oval changes shape in a specific pattern. 
_____________3. Metals that are attracted to a magnet. 
_____________4. The Earth's magnetic poles vary in strength and move over time. 
_____________5. The most energetic solar storm occurred in September of 1859, it is an event known as the …
_____________6. A rapid release of heat and light located close to the sun's surface is 
called a …
_____________7. The strongest class of solar flare is given the letter 
_____________8. The sun's magnetic field and the earth's magnetic field come in contact with each other at the 
_____________9. The letters CME stand for 
_____________10. The sun's magnetic field is called _______when it is out near 
the planets. 
_____________11.  protects us from harmful particles from the sun. 
Heliophysics Exam: You may use your notes and other classroom materials on this portion of the exam. 
1. Explain the following statement: Our star, the Sun, is a dynamic object having effects on our planet beyond just providing light and heat. 
2. Explain how the strength of the Earth's magnetic field has changed over the last 800,000 years. 
3.. How does the “normal” solar wind vary from the “stormy" solar wind? 
4. List the sequence of events that would and could occur if an Earth directed CME left the sun at 10:30 central standard time. Write a scenario of what could occur if this CME had the strength of the Carrington Event of 1859, occurring today. (You should list eight events that could be triggered by this geomagnetic storm) 
5. What is depicted in the picture to the right? Define. [image: ]
6. Answer the questions about the pictures below:

[image: Chart

Description automatically generated with medium confidence]
6a. What are the black dots on the sun? 
6b. What causes them to form? 

[image: A close up of a person's eye

Description automatically generated with low confidence]
7a. What event is occurring on the sun? 
7b. Why is its shape significant? 
8. Explain the significance of the data below 
IMF Biotal: 23.1 nT Bz: 20.3 nT south 
 
9. Explain the significance of the colors in the picture below
[image: A picture containing chart
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10. Calculate the Kp using the magnetometer signature below. Scale 1mm=4nt
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11. Using the data on pp. 2,3,4  make a prediction as to the likelihood of seeing aurora in Shawano Wisconsin. Explain. You should address the 5 bits of data, and then make your prediction 

12. State the sub-storm phase and describe the features in the following auroral photographs.
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Answer keys 
Heliophysics Quiz:
____________ 1. A type of aurora that is observed when an active curtain passes over an observer's zenith. corona
_____________2. Occurs when the auroral oval changes shape in a specific pattern. auroral sub storm
_____________3. Metals that are attracted to a magnet. iron, cobalt, nickel
_____________4. The Earth's magnetic poles vary in strength and move over time. true
_____________5. The most energetic solar storm occurred in September of 1859, it is an event known as the …Carrington event
_____________6. A rapid release of heat and light located close to the sun's surface is 
called a …flare
_____________7. The strongest class of solar flare is given the letter,   X
_____________8. The sun's magnetic field and the earth's magnetic field come in contact with each other at the magnetopause
_____________9. The letters CME stand for coronal mass ejection
_____________10. The sun's magnetic field is called _______when it is out near 
the planets. interplanetary magnetic field
_____________11.  protects us from harmful particles from the sun. magnetosphere

Electromagnets and the Earth's Magnetic Field 
1. What is an electromagnet? when an electric current flows through a wire, it creates a magnetic field
2. Set up the electromagnet using the materials you are given. 
3. How much weight can the electromagnet hold before it breaks? it varies
4. Describe how a compass needle reacts when it is brought near the electromagnet. it goes crazy, pointing to the north pole of the magnet which is produced
5. Explain how the magnetic field of the earth is generated now that you know how an 
electromagnet works. Make a simple motor using the materials you have been given. the outer core of the earth is in motion (rotates).  Anytime you have electrons in motion (electric current) it sets up a magnetic field.
6. How does the world's simplest motor work? when electricity is passed through a wire coil, you create a magnetic field.  This magnetic field pushes the coil away from the magnet.  When you give the coil a spin, since one side of the wire is insulated, you break the circuit briefly, so the coil continues to rotate using its momentum.  When the circuit is complete again, the magnetic field once again repels the coil, so it keeps spinning.
 
Magnetism and the Magnetic Field around a bar magnet
Materials: White poster board, Bar magnet, Transparent compass 
1. 	What types of materials interact with magnets?  iron, nickel, cobalt
2. 	What happens when you bring a compass near a magnet?
3. 	Draw what you hypothesize the magnetic field will look like around the single bar magnet.  Include arrows that point in the direction the compass points north.
4. 	Procedure
5. 	Draw how it looks from your measurements with the compass?
6. 	How does the magnetic field vary far from the magnet?  Why do you think this occurs? The compass starts to pick up the earth’s magnetic field instead of the magnet’s field
Heliophysics Exam: You may use your notes and other classroom materials on this portion of the exam. 
1.  Explain the following statement: Our star, the Sun, is a dynamic object having effects on our planet beyond just providing light and heat. Students should mention something like the sun has an 11-year cycle of activity, they may talk about solar max and solar min.
2.  Explain how the strength of the Earth's magnetic field has changed over the last 800,000 years. It has increased and decreased over time, but it has never reached zero.
3.. How does the “normal” solar wind vary from the “stormy" solar wind? the stormy solar wind is denser and moving at a faster velocity
4. List the sequence of events that would and could occur if an Earth directed CME left the sun at 10:30 central standard time. Write a scenario of what could occur if this CME had the strength of the Carrington Event of 1859, occurring today. (You should list eight events that could be triggered by this geomagnetic storm) 
· The radiation (x rays and gamma rays) would reach the earth in 8 minutes traveling at the speed of light. 
· The particles (protons and electrons, plasma) would reach the earth in around 1 to 2 days) which would cause aurora at the northern latitudes.
·  	Increase in solar wind speed
·  	Increase in solar wind density
·  	Distortion of magnetosphere
·  	Black outs, power surges
·  	Cell phones out, tv out
·  	Naviation, GPS out
·  	X,Y,Z vectors disrupted in the magnetogram
·  	Kp indices above 5[image: ]
5. What is depicted in the picture to the right? Define. Auroral oval, an oval of auroral light that surrounds the north and south pole of earth 
6. Answer the questions about the pictures below:[image: ]
 
6a. What are the black dots on the sun? Sunspots 

6b. What causes them to form? They are caused by kinks or loops of magnetic field extending through the lower atmosphere of the sun.  These areas of concentrated magnetic field repel hot material trying to rise from the sun’s interior, so the section of the sun under the knot cools off and darkens. [image: ]
 
7a. What event is occurring on the sun? A halo coronal mass ejection
7b. Why is its shape significant? It is significant because its shape tells me that it is earth directed.

8. Explain the significance of the data - IMF B total: 23.1 nT Bz: 20.3 nT south
The earth’s magnetic field points north at the magnetopause.  If the Interplanetary magnetic field points south (Bz south) at the magnetopause, the two can cancel each other out.  The earth is not protected from incoming plasma, and this can lead to an influx of plasma to the earth. 
 
9. Explain the significance of the colors in the picture below
[image: ]
 
Red, yellow on the spectrograph means a disruption in the earth’s magnetic field.
 
10. Calculate the Kp using the following magnetometer signature below. Scale 1mm=4nt
 
Kp of 5
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	K index
0
1
2
3
4
5
6
7
8
9
	nT diff.
0-5
5-10
10-29
20-40
40-70
70-120
120-200
200-330
330-500
>500



 
11. Using the data on pp. 2,3,4  make a prediction as to the likelihood of seeing aurora in Shawano Wisconsin. Explain. You should address the 5 bits of data, and then make your prediction 
·  	Aurora may occur due to the Kp of 5, the auroral oval located over Wisconsin, the halo CME directed at earth, the Bz south vector, and the many sunspots on the sun.
[image: ]
12. State the sub-storm phase and describe the features in the following auroral photographs.

Recovery phase, Diffuse glow
[image: ]
Expansion phase; corona
[image: ]
Recovery phase, diffuse glow 
[image: ]
Expansion phase, curtains with rays
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A brief e)_(glanation of the Aurora:

About 90% of the time, most of the light from the aurora comes from 100-250 km
altitude. Electrons from space follow Earth’s magnetic field lines down to Earth’s
upper atmosphere near the magnetic poles. These electrons move very fast and
Wwhen they collide with the gas in the upper atmosphere, mostly N2, 02, and O, they
excite the gas. When the gas relaxes, it gives off light. This is the light of the
aurora we can see. This light is found in an oval band around Earth's magnetic
poles. Sometimes this oval moves and changes shape in a specific pattern, known

as an auroral substorm.

Exploring Magnetism on Earth

Aurora  photographed
by the US Air Force
DMSP  satellite on
November 6, 2003.
Note the sharp southern
edge, defining the
equator-ward edge of
the auroral oval as it
passes over Montana,
the Great Lakes, and
New England. At an
elevation of 300 km,
observers as far south
as Georgia saw a.
spectacular display
looking north.

Aurora observed by
Space Shuttle crew.
Note the height of the
aurora is plainly seen in
this ‘3-d" oblique view
from an altitude of 250
km. Also note the color
changes from green-
blue at lower altitudes
to reddish at highest
altitudes.
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Basic Shapes:

Exploring Magnetism on Earth

Arches and arcs are long ribbons of' light
extending from horizon to horizon without
structure. Sometimes these arcs tum in forms
called folds. Arcs are often green, somellmgs
with red above the green and sometimes with
purple below the green. Arcs mostly remain
motionless in the sky and are always present,
usually at very high latitudes (such as far north).
This is the type of aurora one can usually see
during the quiet phase of the aurora. During
the growth phase of an auroral substorm, this
arc slowly moves lengthwise in the direction of
the equator. For an observer in the North, this

would mean the arc moves slowly towards the
South.

Bands are arcs with structure. When seen on the
horizon, bands often have rays and are called
curtains or drapes. An auroral arc curling in its
length-wise direction from horizon to horizon
causes these curtains. These curls can be seen
from below. Sometimes shooting rays will quickly
flow down the curtain to lower altitudes, and
‘trains’ of these rays may flow eastwards or
westwards along the curtain. Other times bands
will rapidly move across the sky. Bands are often
green, sometimes with red above the green and
sometimes with purple below the green. These
forms make their appearance during the
substorm expansion phase, also known as the
substorm break-up phase. The transition from a
slowly moving arc in the growth phase to quickly
moving aurora in the form of curtains and rays is
known as substorm onset.

Corona are seen during the Expansion Phase
whenever an active, rayed curtain passes over
the observer's zenith. Geometric perspective
effects make it look as though the auroral rays are
coming from a ‘vanishing point' and flowing to the
horizon in all directions. The top of an auroral
curtain may be over 350 km above the ground,
and the rays are only a few kilometers wide,
giving a spectacular visual effect.
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Diffuse glows are the most easy to see at the
end of an auroral display during the Recovery
Phase. At high latitudes, the displays are
usually greenish. At lower latitudes during
intense storms, red diffuse aurora are
commonly seen. Diffuse aurora are produced
by lower-energy particles streaming down
magnetic field lines from the magnetotail
region.

Above images courtesy Jan Curtis
(hnp://cl.imate.gi.a]askaedu/C\mis/aumra/aumra.h!nﬂ)

Evolution :

For Northern Hemisphere observers, an auroral substorm display begins with the
appearance of an auroral arc above the northern horizon during the Quiet Phase. Over
the course of 30 minutes, this arc may move up the sky towards the zenith (Growth
Phase) and resolve itself into folds of light extending from horizon to horizon in the
northern sky. It will also grow in brightness exceeding that of the full moon, with a white or
pale green color. From ground, the Onset Phase begins suddenly within seconds. This is
followed by the Expansion or Break-up Phase. The auroral arc breaks into many moving
arcs dancing wildly across the sky both to the North and South. This is From space, this
activity is seen as the Auroral Oval over the observer thickens along its north-south
extent. Within minutes, the auroral arcs will resolve into rays of light streaming down the
developing curtain, which now surge westwards. From space, the Auroral Oval's substorm
brightening region begins to expand westward, dissolving into numerous individual
structures, which we see from the ground as individual curtains. As a curtain passes
directly overhead, the rays flowing down the curtain look like a meteor shower raining
down the sky from a central point — an effect of perspective. Within 30 minutes, the
activity begins to slow and fade, and retreat northwards during the Recovery Phase.
Pulsating aurora may be visible ,which brighten and fade within seconds. The aurora is
now a diffuse glow, but it may erupt into another auroral display if a new substorm event is
triggered by disturbances in Earth’s magnetotail region.

Sounds:

Observers from many countries claim, rather steadfastly, that they sometimes hear
sounds from aurora, such as crackling or swooshing. This subject is an interesting one for
students to explore. Are people just imagining the sound because aurora LOOK so much
like fires in the sky? For decades, scientists have looked into this subject but have not
been able to capture any sound on tape.

One thing we do know: Direct observations show that aurora never occur closer than
about 60 km above the ground where the air is nearly a vacuum. There is no gas to carry
pressure waves that could make our ears sense sound. This has caused some scientists
to look into indirect ‘sympathetic’ causes. Some of these are psychological (like the
famous Moon lllusion). Others may involve powerful electrical currents flowing in the
ground that cause electric ‘crackling’ discharges on sharp objects near the observer (pine
needles, etc). These currents are well-known to exist at the latitudes where sounds are
reported.

Exploring Magnetism on Earth 39
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