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Remote Sensing Teacher’s Guide
The Principal Objectives:

· Construct and/or use devices that simulate remote sensing satellites.
· Use data collected to construct representations of landscapes.

Examples of National Science Education Learning Standards:
· As a result of their activities in grades 5-8, all students should develop an understanding of the transfer of energy.

· Energy is a property of many substances and is associated with heat, light, electricity, mechanical motion, sound, nuclei, and the nature of chemical energy. Energy is transferred in many ways. (Page 155)

· Light interacts with matter by transmission (including reflection), absorption, or scattering (including reflection). (Page 155)
· Electrical circuits provide a means of transferring electrical energy when heat, light, sound, and chemical changes are produced. (Page 155)
· As a result of their activities in grades 9-12, all students should develop an understanding of the conservation of energy and increase in disorder.
· Electromagnetic waves result when a charged object is accelerated or decelerated. Electromagnetic waves include radio waves (the longest wavelength), microwaves, infrared radiation (radiant heat), visible light, ultraviolet radiation, x-rays, and gamma rays. The energy of electromagnetic waves is carried in packets whose magnitude is inversely proportional to the wavelength. (Page 180)

The STEM Context

· The measurement of the intensity of reflected visible and near infrared light using remote sensing devices is a powerful analytical tool.  NASA satellites detect electromagnetic radiation reflected or emitted from a landscape to determine the health of vegetation, types of precipitation, seasonal changes in landscapes, etc.
· Most of what we know about matter from the atomic to the galactic scale is based on an understanding of relationships among the wavelengths, frequencies, and energies of electromagnetic radiation.  The classic “flame test” activity in physical science and chemistry classes is an example of how an analysis of the color of emitted light serves as an analytical tool.
· Many textbooks and multimedia presentations include remote sensing images. In addition, many televised weather reports and weather web sites often include remote sensing images.

· Inquiry based experimentation provides opportunities for students to construct data collecting devices and to design and conduct scientific investigations.
· Designing and building an effective model of a remote sensing satellite would engage students in the engineering design process and would help students apply or develop an understanding of the behavior of light and electric circuits.
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Materials and Equipment for the Activity:

Directions for assembling are provided as a separate document.  The type of multimeter or voltmeter will determine the type of wires and devices required to connect the LED to the meter.  
· A multimeter or voltmeter with a 0 to 200 millivolts and a 0 to 2 volt range.

· Packages of LEDs are available at electronics supply stores.  As an example, Radio Shack has packages of 12 assorted LEDs for $2.98.

· Packages of 500 assorted LEDs cost $24.95 if ordered from Jameco at www.jameco.com. There are also packages of 100 LEDs for $6.95 (Item # 18041). The URL for 500 LEDs from Jameco (item # is 18323) is:

http://www.jameco.com/webapp/wcs/stores/servlet/ProductDisplay?langId=-1&storeId=10001&catalogId=10001&pa=18323&productId=18323
· Infrared and UV LEDs are available at Radio Shack and can also be purchased in bulk from online suppliers such as http://www.futurlec.com/LEDInfrared.shtml 

· LEDs with attached lead wires are available from suppliers like www.allelectronics.com and www.plasmaled.com/5mm8mmled.htm
· 2-Position Barrier Strips are available at electronics supply stores.  As an example, Radio Shack has packages of two barrier strips for $2.98.
· 2-Position dual row barrier strips are available from online suppliers. An example would be: http://www.allelectronics.com/make-a-store/item/TS-202/2-POSITION-DUAL-ROW-BARRIER-STRIP-20-AMP/-/1.html
· Paper beverage cups.

· Connecting wires suitable for connecting to a multimeter or voltmeter.

· Different colors of construction paper.

· Rulers.

Additional Optional Materials and Equipment Include:

· Light sources  (heat lamp and/or visible light source)
· Ring stand and clamps

· Stop watch

· Metersticks and Protractors
· Project STAR Spectrometers are available from suppliers such as Wards Scientific at: http://wardsci.com/product.asp?pn=IG0009252&Project+STAR+Spectrometer&bhcd2=1230850403
Illumination Options


Many classrooms have sufficient overhead lighting and natural light so that the electric signal generated by LEDs in the model of a remote sensing satellite can be used to distinguish between different colors of construction paper. 

The model of a satellite can be used to evaluate the uniformity of the illumination of their work area by moving the model satellite over their work area.  Similar electrical signals should be received as they evaluate a number of points above their work area.

Other sources of light can be used to supplement overhead lighting. The data table on page three indicates the results that can be anticipated if insufficient overhead or natural lighting is insufficient.

Electrical Connections


The lead wires of LEDs are so thin that the alligator clips do not cling securely to the lead wires of LEDs. As a result it is advisable to use devices like the barrier strip that is illustrated in the directions for the activity.
Sample Data

The following sample data was collected using a full spectrum desk lamp in a room with very little natural light.  The approximate angle of incidence of the light shining onto different colors of construction paper was 45º. The model satellite was held at a distance of 40 cm from the construction paper.

Trials 1 and 2:  Large red bulb LED from Radio Shack

Trials 3 and 4:  Small green bulb LED from Radio Shack

Trials 5 and 6:  Small red bulb LED from Radio Shack

Trials 7 and 8:  Small red bulb LED from Jameco

Trials 9 and 10: Small yellow bulb LED from Jameco

(number of millivolts)

	Paper

Color
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Red
	8.0
	8.1
	6.2
	6.1
	10.5
	11.1
	31.4
	34.3
	7.5
	7.9

	Orange
	11.5
	11.2
	9.3
	9.9
	15.5
	15.3
	44.8
	47.1
	11.8
	12.8

	Yellow
	10.7
	10.4
	20.2
	20.0
	14.5
	14.4
	40.3
	47.1
	24.7
	24.4

	Green
	3.7
	3.7
	12.9
	12.9
	5.9
	5.5
	12.3
	12.5
	14.9
	14.8

	Blue
	3.4
	3.3
	9.9
	10.2
	5.8
	5.5
	13.0
	13.3
	11.9
	11.2

	Black
	2.6
	2.3
	2.6
	2.3
	5.4
	5.7
	4.6
	4.7
	6.2
	6.3

	White
	10.4
	10.2
	25.7
	25.8
	14.9
	14.8
	9.0
	9.0
	30.7
	30.8


Inquiry Strategies: 

In addition to using use voltmeter data to map the changes in color of a landscape, this activity provides many opportunities for students to design and carry out additional investigations.  Those opportunities include evaluating the affect of changing the 
· Type of light sources used.

· Angle of incidence of light shining on a landscape.

· Distance between the light source and the landscape.

· Surface area of the colored paper.

· A variable selected by students.


These additional investigations also provide opportunities for students to build their understanding of dependent, independent, and controlled variables. 
Activity Extension
:

Groups of students can exchange data.   Each group of students can then be asked to construct a false color image of another group’s landscape using the other group’s signal, time, and distance data.
Discussion Topics

Precision and Accuracy


Students need to have confidence that a model of a remote sensing satellite will produce repeatable results as light is reflected from different colors of paper and transformed into an electrical signal. 


A precise scientific instrument makes the same (or very similar) measurement each time it is used. More than one trial is required to determine the precision of a model. 


An accurate scientific instrument makes a correct measurement during repeated trials.  Many variables affect the performance of a model of a remote sensing satellite. Because students will not know what electrical signal should be produced by an LED, they will not be able to determine the accuracy of a model of a remote sensing satellite.
Energy Transformations:  

It may be useful to conduct a discussion of energy transformations either before or after this activity. One example is a photovoltaic cell that transforms visible light into electrical energy. You may also wish to discuss the units of energy used to describe electricity and visible light.  
Volts as a unit of electrical energy:

By definition, voltage is a measure of the difference in electric potential between two points in an electric circuit. Voltage is also defined as the number of Joules of energy per coulombs of elementary charges. Students may be familiar with the measurement of energy in Joules. Therefore, an alternative (and somewhat oversimplified) definition of voltage is that a voltmeter measures the amount of energy that is transformed from one form into another. 
The energy of photons of light of different colors:

The electron volt (eV) is a unit used to measure the energy of photons of electromagnetic radiation.  Spectrometers use a diffraction grating or a prism to separate the different wavelengths of visible light. The Project Star STAR Spectrometer shown below provides two scales that indicate the wavelengths (in hundreds of nanometers) and energies (in electron volts) of photons of different colors of visible light. 
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Source: http://home.comcast.net/~mcculloch-brown/astro/spectrostar.html

