AM Radio Ionosgﬁere Station

Middle School Grades
Lesson Summary Teaching Time: Long-term project
Students use an AM radio to monitor changes in
the intensity of solar output Materials
* AM radio with tuner knob and volume

Prior Knowledge & Skills control knob
Understanding of: * Paper disk of diameter greater than

¢ The structure of the atmosphere volume knob

* Atomic structures including protons, % Data collection table

electrons, ions Not included

Ability to:

* Make and record observations for several | Advanced Planning

days at dusk and dawn Preparation Time: 20 minutes
1. Review lesson plan

AAAS Science Benchmarks 2. Practice use of AM radio
The Nature of Science 3. Create data table
Scientific Inquiry 4. Identify period of solar activity via
The Nature of Mathematics Internet sites
Mathematics, Science, and Technology
The Nature of Technology Editor’s Note
Technology and Science Although difficult to implement in a formal
The Physical Setting classroom setting, this lesson provides
Energy Transformations interesting extra credit, project, or homework

opportunities.
NSES Science Standards

Science as Inquiry

Abilities to do Scientific Inquiry
Understandings of Scientific Inquiry

Physical Science

Transfer of Energy

Earth and Space Science

Earth in the Solar System

Science and Technology

Understandings about Science and Technology
History and Nature of Science

Science as a Human Endeavor

Mathematics Standards
Measurement
Statistics and Probability

Solar Storms and You! Exploring the Aurora and the lonosphere, pp/ 9-14, NASA EG-2000-03-002-GSFC
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Radio Waves and the
lonosphere

Teacher’s Guide

When AM radio waves travel from transmitter to a receiver far away, they have to
bounce off the underside of the ionosphere to reach a distant receiver. The vaves
lose some of their energy each time they are reflected. Although this is normally a

Introduction

small amount, less than 5%, it can be several times larger than this during a|solar
storm. When solar flares erupt, the radiation arrives at the earth 8.5 minutes latg¢r and
ionizes the D-layer located just below the ionosphere closest to Earth. Radio signals
passing through this layer and bouncing off the ionosphere higher up, have some or

all of their intensity absorbed. If you were listening to a distant radio station, fyou
would hear its signal suddenly ‘fade-out’ for 5-10 minutes.
Students will calculate the ending percentage of radio wave strepgth

Objective

at the receiving station.

Procedure Materials

1) Introduce the concept of radip receiver’s location. —Protractor

waves in the ionosphere. Be sur 5) Discuss the loss of wave strength ~—Calculator (if

to include a discussion about the and how that may affect available)

waves reflecting off of thg communication. Some possible

lonosphere layer and the surfatiresponses may include; mobi € to a fewer number of triangles, instead

of the Earth, and the impact of [a phone connections, AM
solar storm on these waves. [A station signals, and
blank transparency of the Studeh communications.

Page may be helpful for studeft

visualization.

radi
military

This Lesson can conclude after the
2) Explain that the radio waves discussion, or the following
normally lose about 5% each time additional procedure may be
they cross the D-layer just below performed:

the ionosphere. During solgr

storms, the radio waves can l0g¢6) Group the students into pair
as much as 30% with eadh Have them measure the given angl
crossing of the D-layer. Challenge each pair to vary the ang
3) Provide students with the of the bounce to determine if there
examples given, and check for an angle that will provide
understanding. a stronger signal strength. Fq
4) Allow sufficient time for the| example, adjust the angle from th
students to calculate  the transmitter to a smaller degre
percentages, and to determine th creating an isosceles triangle. Th
remaining signal strength at the| will change the number of bounceg

? of the 8 given in the first example. By

decreasing the number of bounces, the
signal strength is stronger at the
receiver’s location. Adjusting the angle
to greater than the original will increase
the number of bounces required, and in
turn decrease the signal strength at the
receiver.

Example for one bounce with two
“passes through the D-layer:

— (D U7

i Normal 5% loss:
100% x 0.95 = 95%
95% x 0.95 = 90% (Final)

W=

Solar Storm 30% loss:
100% x 0.70 = 70%
70% x 0.70 = 49% (Final)

Conclusion

Students should learn about real everyday situations that occur with our radio systems. From their
discussion, they should address that during a solar flare, the radio waves lose a great amount o
strength. Students should realize that solar flares greatly affect daytime long distance communication.
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Teacher Answer Key

lonosphera
D Normal
Layer 5% Loss
Transmitter Recelver

lonosphere

199, Solar Storm

Layer 30% Loss

Transmitter Receiver
lonosphera

Vary
the Angle

Transmitter _ _ _ Example of varying the Recelver
angle to get one bounce

Radio waves travel from the transmitter to the receiver. The sighal bounces from the ground, through a layer
called the D-Layer, and is then reflected from the ionosphere back through the D-Layer to the grdund. The
waves continue to be reflected in this way until they reach the receiver. When the waves pass through the
D-Layer they normally lose 5% of their strength. The loss occurs for evey pass through the p-Layer,
therefore, there is a 5% loss going up, and a 5% loss going down. When a solar storm occurs, the |oss can be
about 30%. The engineers have to adjust the angle that the signal is projected to create maximunp reception
by tilting their ‘satellite dish’. The angle of adjustment must permit the triangles to be isosceles trianrl;les. The
wave bounces should be adjusted so that the final bounce is a direct hit to the receiver’s location. Ifthe signal
is above or below the receiver’s location, or to either side, there will be no reception.
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Name

Date

lonosphere
D Normal
Layer 3% Loss
Transmitter Recelver
lonosphera
D Solar Storm
Layer 30% Loss
Transmitter Recelver
lonosphere
D Vary
Layer the Angle
\ Vary
Transmitter Receiver

Calculate the remaining signal strength for each bounce from the transmitter to the
receiver. Determine the amount remaining at the receiver’s location. Round the
answers to the nearest whole number.
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