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Purpose 
To understand the complexities of radar imaging, this series of activities will cover some basic concepts 
of the electromagnetic spectrum.  Students will then be introduced to ideas about how light travels as a 
wave which, in turn, can help students understand how radar works and relating that to the Mini RF 
instrument. 
 

Timeframe 
Two, 40 min class periods.  Areas where you see bold italic type indicate places you may want to help 
students.  It also indicates answers to questions in the Student Guide. 

Materials 
 Polarized glasses (examples include 3D glasses (not the red and blue ones), or purchase from 

Rainbow Symphony:  http://www.rainbowsymphony.com/) 

National Science Standards  

This activity addresses the following National Science Standards as established by the National 
Science Education Standards: 

 Science as Inquiry 
o A1--Abilities necessary to do scientific inquiry 
o A2—Understanding about scientific inquiry 

 Physical Science 
o B6—Interactions of energy and matter 

 Earth and Space Science 
o D3—The origin and evolution of the Earth system 
o D4—The origin and evolution of the Universe 

 Science and Technology 
o E2—Understandings about science and technology 

http://www.rainbowsymphony.com/
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Background/Mission connection 
The Lunar Reconnaissance Orbiter (LRO) is the first step in returning to the moon with both unmanned 
spacecraft and a human presence.   This unmanned mission will create a comprehensive atlas of the 
Moon's features and resources necessary to design and build a lunar outpost. LRO follows in the 
footsteps of the predecessors to the Apollo missions - missions designed in part to search for the best 
possible landing sites (such as the Ranger, Lunar Orbiter and Surveyor missions). However, building a 
lunar outpost implies extended periods on the lunar surface and so the goals of LRO go beyond the 
requirements of these previous missions. LRO focuses on the selection of safe landing sites, 
identification of lunar resources, and the study of how the lunar radiation environment will affect 
humans. 
 

What will LRO be doing? 
LRO is collecting detailed information about the lunar environment. The LRO payload, comprised of six 
instruments and one technology demonstration, will provide key data sets to enable a human return to 
the Moon: 

1. Cosmic Ray Telescope for the Effects of Radiation 
The Cosmic Ray Telescope for the Effects of Radiation (CRaTER) characterizes the lunar radiation 
environment and determine its potential biological impacts. CRaTER also tests models of 
radiation effects and shielding, which may enable the development of protective technologies. 

2. Diviner Lunar Radiometer Experiment 
The Diviner Lunar Radiometer (DLRE) provides orbital thermal mapping measurements, giving 
detailed information about surface and subsurface temperatures (identifying cold traps and 
potential ice deposits), as well as landing hazards such as rough terrain or rocks.  

3. Lyman Alpha Mapping Project 
The Lyman Alpha Mapping Project (LAMP) maps the entire lunar surface in the far ultraviolet. 
LAMP also searches for surface ice and frost in the polar regions and provide images of 
permanently shadowed regions illuminated only by starlight.  

4. Lunar Exploration Neutron Detector  
The Lunar Exploration Neutron Detector (LEND) creates high resolution hydrogen distribution 
maps and provides information about the lunar radiation environment. LEND is used to search 
for evidence of water ice on the Moon's surface, and provides space radiation environment 
measurements useful for future human exploration.  

5. Lunar Orbiter Laser Altimeter 
The Lunar Orbiter Laser Altimeter (LOLA) measures landing site slopes, lunar surface roughness, 
and generate a high resolution 3D map of the Moon. LOLA also identifies the Moon's 
permanently illuminated and permanently shadowed areas by analyzing lunar surface 
elevations.  

6. Lunar Reconnaissance Orbiter Camera 
The Lunar Reconnaissance Orbiter Camera (LROC) retrieves high resolution black and white 
images of the lunar surface, capturing images of the lunar poles with resolutions down to 1m, 
and imaging the lunar surface in color and ultraviolet. These images provide knowledge of polar 
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illumination conditions, identify potential resources & hazards, and enable safe landing site 
selection.  

7. Mini-RF Technology Demonstration 
The Mini-RF technology demonstration's primary goal is to search for subsurface water ice 
deposits. In addition, Mini-RF will take high-resolution imagery of permanently-shadowed 
regions.  

How Mini-RF sees the surface 
Using visible light, we are able to see variations in colors that allow humans to make observations about 
their surroundings.  For example when looking at Earth’s surface from orbit, sometimes we can only see 
the cloud tops, or the tree tops, but we know that there may be much more below those surface 
features that we can’t see.   
 
Similarly, on the Moon, there are areas that are hidden from view either by a layer of dust, or 
completely hidden from view, such as permanently shadowed craters.  Mini-RF, a radar imaging device 
onboard the Lunar Reconnaissance Orbiter (LRO), is searching for not only hidden geologic features 
obscured by dust (hidden parts of craters and old lava flows) but also areas where no sunlight ever 
reaches the surface.  In these permanently shadowed craters, there may be water ice!  Mini-RF’s radar 
instrument images in wavelengths of 4.2 cm and 13 cm, which fall in the microwave region of the 
electromagnetic spectrum which is beyond what our eyes are capable of seeing.  
 
In this series of activities we will be looking at images taken using a radar instrument to image the 
surface of a planet in the microwave region of the electromagnetic spectrum.  By imaging the surface of 
a planet in other wavelengths of energy other than visible, scientists can gain a better understanding of 
what the composition of the surface is and possibly how that planet may have formed.  Scientists can 
also use this information to view surface features that are completely obscured to visible light, such as 
permanently shadowed craters to look for hidden surface features, or even water ice. 

 
Erlanger crater as seen in the visible wavelength (left image) and with Mini-RF (right image) 
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 Preparation 
Use the following information to lead the students from the basics of the electromagnetic spectrum, 
through how photons (energy) travel in waves.  Have the students define the vocabulary terms on their 
sheets, and sketch what that vocabulary term represents. By preparing students ahead of time by giving 
them the vocabulary, and associating that with an image, the students are more likely to remember the 
vocabulary than if they simply read it.  

Pre-lab: The Electromagnetic Spectrum 

Brainstorming (10 min) 
What I Know:  Using the space below, describe what you know about the electromagnetic spectrum: 
Students may or may not know what the electromagnetic spectrum is.  Take a few minutes to have 
students brainstorm what they think the electromagnetic spectrum is.  Remind them that at this point, 
they are just putting their ideas down on paper. 

 

 

 

Vocabulary Term Definition Sketch 

Radiation The emission of energy as 

electromagnetic waves or as 

moving subatomic particles 

 

Show an example of 

radiation from the sun in 

terms of it entering our 

atmosphere, or even 

radiation from a radar dish, 

or microwave transmitter. 

Photon A particle representing a quantum 

of light or other electromagnetic 

radiation. A photon carries energy 

proportional to the radiation 

frequency but has zero mass. 

While a photon does not 

have mass, it can still be 

represented by a wavy line to 

represent the frequency of a 

particle of energy. 

Electromagnetic 

Spectrum 

The range of wavelengths or 

frequencies over which 

electromagnetic radiation 

extends. 

Any example of the 

electromagnetic spectrum 

will do 
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Give examples of sources of electromagnetic radiation: 

1. Radio:  Home radio, car radio, hand held radios for communication, etc. 
2. Microwaves:  Radar, microwave ovens, microwave transmitters for TV stations, etc. 
3. Infrared:  Remote controls for TV’s, heat lamps, etc. 
4. Visible:  The human eye can detect visible radiation, sunlight, flashlights, etc. 
5. Ultraviolet (UV): The sun, fluorescent black lights 
6. X-ray: The sun, x-ray machines, etc. 

 

Frequency 
The rate at which something 
occurs or is repeated over a 
particular period of time or in a 
given sample 

Any example of frequency 

will do: 

 

Wavelength  The distance between successive 

crests of a wave, esp. points in a 

sound wave or electromagnetic 

wave. 

  

Any example of a wavelength 

will do: 

 

Amplitude 
The maximum extent of a 
vibration or oscillation, measured 
from the position of equilibrium. 

See the above picture that 
shows amplitude as well. 

Remote Sensing 
observing the surface of a planet 
from a distance 
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As the wavelength of energy on the electromagnetic spectrum gets shorter, it increases in frequency.  
When energy has a high frequency, then it also has higher energy.  Energy sources such as Ultraviolet, X-
ray and Gamma rays all have high frequencies and are dangerous to humans.   
 

 
 
How are radio waves different from visible light waves? 

Radio waves 

 Have a longer wavelength  

 Cannot be seen with the human eye 

 Can be used to carry information and 
data 

Visible light waves 

 Wavelengths are much shorter 

 Can be seen by the human eye 

 Different wavelengths show different 
colors 

 
Why is it dangerous to get too many x-rays?   
X-rays have a shorter wavelength and are easily absorbed by human tissue.  They can penetrate the 
cells in your body and can cause damage to their structures. 
 
How does the wavelength and frequency of an x-ray make it more dangerous than a radio wave? 
Waves with long wavelengths are not easily absorbed. Radio waves are classic examples of waves 
with long wavelength. On the other hand short wavelength waves are absorbed quite readily. Because 
they can pass through matter so easily, short wavelength waves are considered more dangerous to 
humans. X-rays can pass through matter, but are absorbed by human bones  
 
What I learned about the electromagnetic spectrum:  Using the space below, describe something new 
that you learned about the electromagnetic spectrum.  Look back at your ideas in the “What I Know” 
section.  How many more things can you add?  Did any of your ideas change? Accept any reasonable 
answers.
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What is radar? 
Radar (which stands for Radio Detection and Ranging) is a device that can send and receive microwaves.  
You are probably familiar with microwaves.  Microwaves have wavelengths that can be measured in 
centimeters. The longer microwaves, those closer to tens of centimeters in length, are the waves which 
heat our food in a microwave oven.  Because of their long wavelengths, compared to the visible and 
infrared, microwaves have special properties that are important for remote sensing. Longer wavelength 
microwave radiation can penetrate through cloud cover, haze, dust, and all but the heaviest rainfall as 
the longer wavelengths are not susceptible to atmospheric scattering which affects visible light.   
 
Two types of remote sensing using radar instruments are passive and active.  Passive devices measure 
the natural microwave radiation that is emitted by objects on the surface of a planet.  Active devices 
actually emit their own energy and illuminate surface objects.  When the energy then bounces off the 
objects on the surface, scientists can then measure the distance to the object and how rough or smooth 
it is.  These details can give scientists a better understanding of objects that can be hidden beneath 
clouds, vegetation, in darkness and even just below the surface of a planet. 
  

 What does radar stand for?  
a. Radio Detection and Ranging 

“Seeing” through the haze 

Because microwaves can penetrate haze, light rain, snow, clouds and smoke, these waves are good for 
viewing the Earth from space: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Mt. Pinatubo, the Philippines as seen from 
space.  Clouds and vegetation obscure 

surface features 
 

Mt. Pinatubo, the Philippines as seen 
with a radar instrument.  Radar sees 
through the clouds and vegetation.  

False colors reveal lava flows and mud 
flows seen in orange 
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Activity:  Polarization 

Microwaves can be reflected off any surface back to a radar receiver, where scientists can determine 
certain aspects of a surface (such as the roughness of the surface, or the floor of a dark crater) that can’t 
normally be seen in visible images.  The Mini-RF instrument uses not only microwave energy, but it can 
also measure the polarization of the microwave energy as it is reflected off of a surface.  By measuring 
how the signal is reflected back to the instrument, scientists can gain valuable data as to the surface of a 
planet.  To understand how polarization works, we will do a few activities that help explain what 
polarization is.  
 
Brainstorming (10 min) 
What I Know:  Using the space below, describe what you know about polarization: 
Students may or may not know what polarization is.  Take a few minutes to have students brainstorm 
what they think polarization is, and help them identify familiar objects that they may know (i.e. 
Polaroid camera, polarizing sunglasses). Remind them that at this point, they are just putting their 
ideas down on paper.  You may also want to review that radar is a device that measures microwave 
energy. 
Using the table below, write down the definition of each term, and make a sketch that represents what 
that term means 

Vocabulary Term Definition Sketch 

Polarization 
Polarization is the term used to 

describe the way in which the 

electromagnetic wave oscillates as it 

travels along 

A sketch of a waveform will 

work for this example. 

Circular polarization 
A wave of energy that oscillates in a 

circle as it travels 
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Teacher Discussion: 
Another important property of electromagnetic energy is their polarization. Polarization is the term 
used to describe the way in which the electromagnetic wave oscillates as it travels along. 
 
For example, a vertically polarized wave will oscillate up and down as it moves forward; a horizontally 
polarized wave will oscillate from side to side. These two polarizations are illustrated below:  

 
 
Other types of polarization are possible, for example circular polarization in which the wave oscillates in 
a circle as it moves along (Demo:  You can use a slinky, long spring, or rope to emphasize these points). 

 
It is possible to “screen” different polarizations, using a screen of very thin lines arranged either 
vertically or horizontally. A screen or a filter of closely spaced vertical lines will allow a vertically 
polarized wave to pass through, but horizontally polarized waves will bounce off it. This is the principle 
which is used in polarized sunglasses to reduce the amount of light entering the human eye. 

 
In fact, you can look at polarizing filters as if 
they were a picket fence.  When the pickets of 
both fences are aligned in the vertical direction, 
a vertical vibration can make it through both 
fences: 

 
 

When the pickets of the second fence are 
horizontal, vertical vibrations which make it 
through the first fence will be blocked.  

 
 

To demonstrate the idea of polarization screening, we will be using polarizing lenses to demonstrate 
what can be seen when looking at an object.
  

What I Learned About Polarization 
Describe something new that you learned about polarization and how we can use filters to view objects.  
Look back at your ideas in the “What I Know” section.  How many more things can you add?  Did any of 
your original ideas change?  Accept any reasonable answers. 
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Activity:  Polarizing Lenses 

Part 1 

Materials 
 Polarized glasses:  For the first part of this activity, you will need a set of polarizing filters.  For 

our activity, we will be using the 3-d glasses that are used in theatres.  Another option is to 
order a classroom set of glasses through a company such as Rainbow Symphony 
(http://www.rainbowsymphony.com/3d-polarized-glasses.html).   

 
Working with a partner, look through the lenses of one pair of glasses to see how they reduce the 
amount of light passing through. 
 
Describe what you see—accept any reasonable answer.  Mainly students might note that it is darker, 
less glare off surfaces, etc.   
 
Next, use a second set of glasses, and put the lenses on top of each other and look through both 
together. Rotate one lens by 90 degrees.  The light passing through the two screens should be zero (i.e. 
students should see nothing).  
 
Describe what you see—Students should now notice that when they rotate the glasses, they can no 
longer see through the lens.   
 
What is happening:  both horizontal and vertical components of the light have been screened out so 
that neither the horizontal, nor the vertical travelling wavelengths are able to travel through the filter. 
 

http://www.rainbowsymphony.com/3d-polarized-glasses.html
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Part 2  

For the second part of this activity, you will need to go outside and look at the reflected light off of a car 
windshield, leaves, etc.  By looking at the reflected light off a car windshield, you can see certain aspects 
of the glass that you can’t normally see without a polarizing filter. 
 
Using polarized glasses you will observe 2 things: 

1. How light can be reflected to show stress or strain in windows 
2. How using a polarizer can affect the reflection of light off an object. 

 
Materials 

 Polarized glasses 

 car windshield 

 
Procedure 
CAUTION:  Please do not look at the sun under any circumstances.  Viewing the sun can cause 
permanent damage to your eyes. 
 
Before we begin looking at the reflected light from the car window, put the glasses on and look at the 
sky, trees or any other object.   
 
What do you see?  Accept any reasonable answers. 
 
Next, take the polarized glasses off and look at the windshield of a vehicle.   
Do you notice anything unusual?  Describe what you see.  Accept any reasonable answers. 
 
Now put the polarized glasses on, while looking at the car windshield.  What has changed?  Accept any 
reasonable answers 
 
Do you notice any unusual patterns on the windows?  Accept any reasonable answers 
 
Does it change when you look at the car’s windshield through a window of another vehicle?  Accept any 
reasonable answers 
 
Describe what you see:  Accept any reasonable answers 
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What’s going on 
The photograph at the right was taken 
through polarizing sunglasses and through 
the rear window of a car. Light from the 
sky is reflected by the windshield of the 
other car at an angle, making it mostly 
horizontally polarized.  
 
The rear window is made of tempered 
glass.   Toughened or tempered glass is a 
type of safety glass processed by controlled thermal or chemical treatments to increase its strength 
compared with normal glass. Tempering creates balanced internal stresses which cause the glass, when 
broken, to crumble into small granular chunks instead of splintering into jagged shards.    
 
Stress in the glass, left from its heat treatment, causes it to alter the polarization of light passing through 
it. Without this effect, the sunglasses would block the horizontally polarized light reflected from the 
other car's window. The stress in the rear window, however, changes some of the horizontally polarized 
light into vertically polarized light that can pass through the glasses. As a result, the regular pattern of 
the heat treatment becomes visible.  

Additional activities 

Materials 
 Polarized glasses 

 Body of water (lake, puddle, etc.) 

 Cell phone 

 Clear plastic (CD cases work well) 
 

Procedure 
Observe reflections elsewhere around you. Using only the glasses, rotate and vary the angle of viewing 
to vary the brightness. Try looking at a reflection from a metallic surface, such as an ordinary mirror.  
Do you notice any difference?  Accept any reasonable answer 
 
When sunlight is reflected off a surface, it typically will be reflected at a certain angle.  When you view 
that reflection through polarized sunglasses, you can filter out either horizontal or vertically polarized 
light, and see things you can’t normally see. 
 

 
 
 
 

http://en.wikipedia.org/wiki/Safety_glass
http://en.wikipedia.org/wiki/Heat_treatment
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What does polarization have to do with Mini-RF? 
As we have seen in previous images, radar allows scientists to view areas of a planet that are covered by 
vegetation and even clouds. If radar allows scientists to see hidden objects, then it can be used to peer 

into dark, unlit regions as well. This is where the Mini-RF 
instrument comes in.  Mini-RF transmits and receives 
microwave energy.  This not only allows scientists to see dark 
regions, but it allows scientists to view features that are 
typically hidden from view (such as the roughness of the 
surface, or the floor of a dark crater).   The Mini-RF instrument 
uses not only microwave energy, but it can also measure the 
polarization of the microwave energy as it is reflected off of a 
surface.  By measuring how the signal is reflected back to the 
instrument, scientists can gain valuable data as to the surface 
of a planet.   
 
Examples of Mini-RF data is in the observation of both the 
north and south poles of the moon that has permanently 
shadowed craters and ejecta patterns near craters that have 
been covered over time with dust.  This data allows scientists 
to look for evidence of water ice at the poles, ejecta patterns 
(patterns of materials that are thrown out of a crater after an 
object impacts the surface of a planet), geologic features and 
the effects of impact craters on the surface of the Moon.  
 
Look at the image to the left which was taken of an area of 

near the south pole of the Moon. Several areas at the south pole never see sunlight and are 
permanently shadowed, like Haworth crater. The long rectangle in the middle is a Mini-RF radar image 
placed over the top of a larger Moon surface image that was taken from an Earth-based telescopic 
image. The Mini-RF image, taken in 2008, reveals a part of the shadowed crater never seen before. This 
type of imaging (using radar) helps scientists explore these permanently shadowed regions.   In the Mini-
RF image strip, bright areas represent surface roughness or slopes pointing 
toward the spacecraft. The data strip covers an area approximately 50 
kilometers (31 miles) by 18 kilometers (11 miles).  
 
Mini-RF sends pulses of microwave energy that are polarized and that 
oscillates in a circle as it moves along (like a slinky or a spring). When the 
microwave energy is reflected from the surface back to the radar instrument, 
it causes the polarization to reverse.  By measuring how much energy comes 
back reversed or the same polarization when it was transmitted, scientists 
can measure how rough or smooth a surface is, and even see into areas that 
are hidden from visible cameras.

10 km 
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Activity Wrap up Questions 

 Discuss how other NASA spacecraft might use other parts of the electromagnetic spectrum: 
o NASA’s Mission page:  http://www.nasa.gov/missions/current/index.html 
o FERMI (http://fermi.gsfc.nasa.gov/)  Gamma ray space telescope 
o Chandra X-Ray observatory 

(http://www.nasa.gov/mission_pages/chandra/main/index.html) 

 What other ways might we use polarized filters? 

 What other kinds of features can scientists possibly see using radar?  Buried geologic features in 
desert regions, surface features below thick vegetation (that is how scientists were able to 
uncover extensive surface features of the ancient civilization of the Mayans beneath the thick 
jungle cover.   

 
Extension 

 Use Google Earth or Google Maps in conjunction with NASA’s “Visible Earth” 
(http://visibleearth.nasa.gov/)  website to conduct additional analyses of images. Once on the 
“Visible Earth” website, follow the steps below to find radar images: 

o Go to “sensor” 
o Scroll down to the bottom and select “Space Shuttle.”  
o From the list of subcategories, choose SIR-C/X-SAR. This will give you a list of the images 

that were taken using SIR-C radar imaging instrument.  Have students identify where 
this image was taken, then locate it via Google Earth or Google Maps.  Have the 
students compare both images and make notes as to what they can see or not see 
comparing radar and visible images of the same location. 

 
Links 

 Mini-RF:  http://www.nasa.gov/mission_pages/Mini-RF/main/index.html 

 LRO:  http://lunar.gsfc.nasa.gov/ 

 Lunar Planetary Institute (LPI) resource page:  http://www.lpi.usra.edu/resources/ 

 Introduction to the electromagnetic spectrum: 
http://missionscience.nasa.gov/ems/01_intro.html 
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