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Solar Storms: When the Sun Sneezes and
Earth Catches a Cold

Lesson Overview

This lesson explores the dynamic relationship between the Sun and Earth’s atmosphere. Students will
investigate solar phenomena—such as sunspots, solar flares, and Coronal Mass Ejections (CMEs)—and
analyze how these "space weather" events impact our modern technological world, from GPS navigation
to power grids.

Learning Objectives

¢ Identify the primary types of solar activity (Solar Flares, CMEs, and Solar Wind).

¢ Explain the mechanism of Earth’s magnetosphere and how it protects (and reacts to) solar
radiation.

¢ Analyze the real-world risks solar storms pose to satellite communications, aviation, and
electrical infrastructure.

¢ Interpret real-time space weather data to predict potential geomagnetic impacts.

Materials Needed

Computer or tablet with internet access.

Access to the NOAA Space Weather Prediction Center (SWPC) website.
Notebook or digital document for data logging.

Two magnets and iron filings (optional for physical demonstration).

"The Grid Manager’s Scenario" worksheet (detailed in the 'You Do' section).

. Introduction: The Hook (10 Minutes)

The Carrington Event

Imagine it is 1859. Suddenly, telegraph machines start sparking, setting offices on fire. The Northern
Lights are so bright in Cuba that people can read the newspaper at midnight. This wasn't a movie; it was
the Carrington Event—the largest recorded solar storm in history.

Discussion Question: If a storm of that magnitude hit today, in a world run by fiber optics, GPS, and a
delicate power grid, what do you think would happen to your daily life for the next 48 hours?

The Objective: Today we are moving beyond "the sun is a hot ball of gas" to understand the Sun as a
magnetic engine that dictates the "weather" of our entire solar system.

Il. Body: Content & Practice (40 Minutes)
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1. 1 DO: The Anatomy of a Solar Sneeze

The instructor (or student via research) explains the three main culprits of space weather:

Solar Wind: The constant stream of charged particles flowing off the Sun.

Solar Flares: Sudden flashes of brightness (light/radiation). These reach Earth in 8 minutes. They
can black out high-frequency radio.

Coronal Mass Ejections (CMEs): Huge bubbles of plasma and magnetic field. These are the
"cannons." They take 1 to 3 days to reach Earth and cause geomagnetic storms.

The Shield: Earth’s Magnetosphere. Explain how our magnetic field funnels particles toward the
poles, creating the Aurora Borealis.

2. WE DO: Decoding the Data

Navigate to the NOAA Space Weather Prediction Center (swpc.noaa.gov). Together, look at the
following metrics:

e The Kp-Index: A scale from 0 to 9 used to characterize the magnitude of geomagnetic storms.
(Kp 0-3 is quiet; Kp 7-9 is a major storm).

¢ X-Ray Flux: Used to detect solar flares in real-time.

¢ The Aurora Forecast: Look at the current "probability of visible aurora" map.

Guided Practice: Based on the current Kp-index on the screen, would a cross-polar flight from New York
to Hong Kong need to worry about radiation or radio blackouts right now?

3. YOU DO: The Grid Manager’s Dilemma (Simulation)

The Scenario: You are the Lead Technician for the North American Power Grid. A massive "X-Class"
solar flare has just been detected, followed by a fast-moving CME headed straight for Earth. Data
suggests a Kp-9 event arriving in 14 hours.

Your Task: Create an "Emergency Action Plan" addressing the following:

Satellites: What instructions do you give to satellite operators? (e.g., put satellites in "safe
mode").

Aviation: What happens to flights currently over the North Pole?

The Power Grid: How will you handle the "GIC" (Geomagnetically Induced Currents) that can
melt transformers?

Communication: Draft a 3-sentence public service announcement (PSA) for the general public
explaining why their GPS might be glitchy or why the power might be intentionally cycled.

I1l. Conclusion: Recap & Reflection (10 Minutes)

Summary of Key Points

e Solar weather is a result of magnetic activity on the Sun's surface.

¢ Flares affect us at the speed of light; CMEs give us a day or two of warning.

¢ Our technological dependence makes us more vulnerable to space weather than our ancestors
were.
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Final Recap Question

"Why is it that a solar storm causes the Aurora at the North and South poles, but usually not at the
Equator?" (Answer: Earth's magnetic field lines guide the particles toward the poles).

Assessment Methods

¢ Formative (During Lesson): Check for understanding during the NOAA data dive. Can the
student correctly identify if the Sun is currently "Quiet" or "Active"?

e Summative (End of Lesson): Evaluation of the "Grid Manager’s Dilemma" plan. Success is
defined by the student correctly identifying which technologies are at risk and providing
scientifically sound mitigation strategies.

Success Criteria

¢ Ability to differentiate between a Solar Flare and a CME.

¢ Correct interpretation of the Kp-index scale.

¢ Logical application of solar science to infrastructure protection in the simulation.
¢ Clear communication of complex scientific risks in the PSA task.

Adaptability & Differentiation

¢ For Advanced Learners: Research "The Parker Solar Probe." Explain how this mission is
changing our ability to predict the "speed" of the solar wind and why that matters for early
warning systems.

¢ For Visual/Kinesthetic Learners: Use a bar magnet and a compass. Move the magnet near the
compass to simulate how a CME "shakes" Earth's magnetic field (magnetic reconnection).

¢ Digital Context: Use NASA’s "Eyes on the Solar System" web app to view a 3D model of the
Sun’s current state.
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