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Exercise 1 Use ALTA Reflectance Spectrometer 

 

1. Purpose of the exercise: 

Use ALTA Reflectance Spectrometer, is to understand basic remote sensing processes. This 

exercise introduces the students to the ALTA Reflectance Spectrometer. It is meant to be an 

exploration of the buttons, lamps, and readout of the spectrometer. The students will learn most of 

what the spectrometer does through hands-on investigation. They should discover that the 

coloured buttons on top of the spectrometer turn on corresponding lamps on the bottom; the 

switches coloured black and grey do not appear to turn on any lamps; the numbers in the 

spectrometer's display window change with different lighting; and  the display goes mostly blank 

in very bright lighting. The students will take simple measurements with the ALTA spectrometer 

and show that their ordering of materials by the lightness of their colour corresponds closely to the 

reflectance numbers from the ALTA. 

 

1.1. Required knowledge  

The ALTA Reflectance Spectrometer measures how much light, of different colors or 

wavelengths, reflects off objects. This kind of measurement is reflectance spectroscopy, and is a 

basic technique in most environmental studies of the Earth and studies of the planets. In reflection 

spectroscopy, the light does not originate on the object you are sensing; it comes from somewhere 

else. Emission spectroscopy of heat radiation is sometimes used in environmental studies. 

Measurement of light that passes through objects is called absorption spectroscopy, which the 

ALTA cannot do well. Absorption spectroscopy is used to study relatively transparent things, like 

the Earth's atmosphere. Our knowledge of ozone abundances and holes in the Earth's upper 

atmosphere comes from absorption spectroscopy. When light hits an object, some of it reflects off 

and into our eyes or the ALTA spectrometer. But not all the light will reflect off — some of it may 

be absorbed by the object, and some of it may be transmitted through it. These three processes 

should account for all the light: light of source = reflected light + absorbed light + transmitted 

light. This equation is part of the Conservation of Energy principle of physics, which says that 
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energy cannot be created or destroyed (remember that light is a form of energy). The ALTA 

Reflectance Spectrometer can only measure how much light is reflected from an object. All the 

light that isn't absorbed by the object must reflect (or scatter) off it. So, the way light is absorbed 

by an object usually dictates what its reflected light looks like. For instance, if an object absorbs 

no light, whatever hits the object reflects (or scatters) off. Our eyes see objects like this as white. 

On the other hand, if all the light that hits an object is absorbed, there is no light left over to reflect 

off and come to our eyes or the ALTA spectrometer.  

 

Hand out the ALTA spectrometers (one per group). The students turn the spectrometer on (by 

pressing the switch on the keypad), and explore what the ALTA does. Students should quickly 

discover that the coloured switch pads turn on lamps on the underside of the ALTA, that the black 

and grey buttons do nothing obvious, and that the display numbers on the ALTA face change. The 

students have to explore what makes the numbers change — for example, the student should 

answer the next question why important point the bottom hole of the spectrometer at a lamp and 

then cover the hole up with their hand. The student should perform and evaluate the following task 

to put the spectrometer flat down on their desk (or table) and to note how the display number 

changes as they push the different buttons. 

Student should all know that the coloured buttons turn on lamps of the corresponding colour, that 

the display number is higher when more light gets in the bottom of the ALTA, and that the display 

shows only a “1” with bright light (i.e., overload). They also may have discovered that pushing the 

black and grey buttons may make the display number increase, even though they cannot see any 

lamps light up with their eyes.  If some students may be able to see red light from the IR1 lamp 

have to negotiate the reason with the group.  

Student should complete the next exercises. 

 Remind the class what the spectrometer does. Remind them that the switch pads turn on 

little LED lamps, and that the number on the front measures how much light hits the 

spectrometer's light sensor, which is in the centre of the LED lamps on the underside of the 

ALTA. 



  

  

 

5 

 Discuss the concepts of visible colour and wavelengths of light reflected from a surface 

(see Introduction). 

 Assign each group of students a colour (e.g., red, blue, yellow). Give each group a set of 

objects of that colour, including very bright (or light) and very dark shades. 

 Ask each group to arrange their objects in order of increasing brightness or lightness. List 

the objects in order of brightness on the attached data sheet. 

  

  For each coloured object, measure its brightness using the ALTA spectrometer. 

 Place the ALTA spectrometer on the object, with the keypad and display facing up and the 

hole pointed toward the object. 

 Press and hold down the switch pad on the ALTA that turns on the lamp of the group's 

colour (e.g., red, blue, and yellow). 

 On the data sheet with the list of objects in order of brightness, write down the display 

number (with the switch held down) for the object on the same line as the name of the 

object. 

  Make a bar graph of your results. Each group should graph its results on the attached graph 

template (or something similar). 

 First, write in the names of each object, in order of increasing brightness or lightness, in 

the spaces along the bottom of the graph. 

 Then, for each object, make a bar that extends up as far its display number reading that you 

wrote on the data sheet. 

End the end should be written a report about the results and answer why do lighter-coloured 

objects show higher numbers (greater reflectance) as measured by the ALTA?  why does the 

ALTA measure the same kind of “lightness” as your eyes? 

 

Exercise 2 Evaluation visible and infra EM spectrum 
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2. Purpose of the exercise: 

The students will observe that there is “light” that is not visible to the human eye. In general, this 

exercise will show that all sensor systems (eyes or electronic) have limitations. This lesson 

assumes that the students have used the ALTA spectrometer; if not, they should start with Lesson 

 

2.1. Required knowledge  

The most students are acquainted in practice with invisible light, although they may not make a 

full connection between it and the visible spectrum. Ultraviolet light, with wave-lengths shorter 

than violet light, is invisible. Students are probably familiar with ultraviolet light as the cause of 

sunburn. Ultraviolet light from the Sun has been in the news as a cause of skin cancer and is more 

abundant now than in the past because of ozone depletion in the upper atmosphere. Infrared light, 

with wavelengths longer than red light, is invisible. Student should complete the next exercises. 

 

 Darken the room (the darker, the better) and project the rainbow onto the whiteboard, 

paper, or wall. 

 Have each student look at the rainbow and, using the ruler, record (on the attached data 

sheet #1) the ruler or meter stick distance at the first visible red light, the boundary 

between red and orange, the boundary between orange and yellow, and so on, to the limit 

of visible purple light. Also on data sheet #1, have them note the ruler distance that seems 

the brightest to them. 

 Talk with your class about where the boundaries of the colours are. Students may see the 

boundaries in different places. The students may differ in locating the colour boundaries, 

particularly between green and blue. 

End of this exercise the student should be written an essay about the limits of human vision. 

Students may see the limits of vision in different places (depending on their overall visual 

acuity and on physiological factors). 
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2.2. Required knowledge - Quantifying infrared wavelengths 

Using the spectrum you projected on the wall and a ruler, it is possible to calculate light 

wavelengths in the infrared portion of the spectrum and thereby make quantitative 

measurements of the ALTA spectrometer's responses to different wavelengths. This exercise 

relies on the fact that prisms and diffraction gratings spread light out (disperse it) linearly with 

respect to light wavelength: wavelength = (constant #1) + (constant #2) x (measured distance 

along the ruler). 

Here, students have to determine the values of the two constants, and so teachers will need to 

have a calibration for light wavelengths in regions where they cannot use visual colour as a 

guide to wavelength. 

 On the rainbow on the wall, measure the positions distances of the centre’s the green, 

yellow, and orange colours. These positions should correspond to light wavelengths of 

~555, 585, and 635 nm (nanometers) respectively. Make a graph of your data, with 

ruler position on the vertical and light wavelength on the horizontal. The ruler position 

axis should span the positions of the whole visible rainbow, plus a little extra beyond 

the position of red; the wavelength axis should extend from 300 to 1200 nm. 

 Plot your data on this graph — the three data points (green, yellow, and orange) should 

mark out a straight line. Draw a line through the three data points and extend it to the 

limits of the wavelength axis (300-1200 nm). This graph is now a calibration for your 

visible spectrum — from a position you measure on the rainbow, the graph allows you 

to get the wavelength of the light there. Ask the students: Does your calibration fit with 

published spectra as to the limits of visible red and purple? What about to the 

boundaries between red and orange, green and blue, etc.? 

 ALTA sensitivity to infrared light. Repeat earlier step in the laboratory procedure 

above, but starting in the far red and moving toward the position of 1200 nm with 

many positions, perhaps 10 or so. Keep the ALTA viewing hole pointed toward the 

rainbow projector when you take the light-intensity measurements. Graph your data as 

ALTA display number versus light wavelength. Where in the spectrum is the ALTA 

most sensitive? 
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 Library research. How much light does an incandescent bulb emit in infrared 

wavelengths? Is it brighter in infrared than in visible? 
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Exercise 3. Spectral properties of vegetation  

 

3. Purpose of the exercise: 

 

This exercise uses a green leaf as the target and focus on remote sensing of vegetation. The ALTA 

spectrometer gives spectra that are quite similar to those from professional laboratories.  

 

3.1. Required knowledge  

 Hand out the spectrometers, data sheets, and one large green leaf per group. Place each 

spectrometer, lamp side down, on a green leaf so the lamp/sensor array is over the leaf. Note the 

display number (in millivolts) when no ALTA lamps are on; record this on the data sheet as the 

“dark voltage.” Starting with the blue lamp, turn it on by pushing the blue switch pad on the 

ALTA face and holding it down. The display number will change from its “dark” value and will 

become constant (except for random variations in the last few digits) within a few seconds to a 

minute. When the display number remains nearly constant, record it on the reflectance calculation 

worksheet (either “simple” or “better”) in the “blue” row and the “SAMPLE” column. Using the 

same procedure, work through the rest of the lamp colours on the ALTA, recording the display 

number on the data sheet. 

Graph these raw results on the excel worksheet “ALTA Display Number vs. Color” or “ALTA 

Display Number vs. Wavelength.” Does this graph make sense for a green leaf? Sometimes, the 

number for yellow or blue is larger than the number for green. Some-times also, the voltage graph 

shows unexpected bumps, like red being much larger than orange or deep red. There are two 

reasons for these “anomalies”: the coloured lamps are different brightnesses and the ALTA's light 

sensor is very sensitive to red and infrared light and barely sensitive to violet light. 

Standardization. Take a poll among the students for what their display numbers for green and 

infrared-3 were. We will find a lot of variation, even though the leaves should be nearly identical. 
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This variation comes from the ALTA spectrometers. Because of variations in the manufacture of 

the electrical components, lamps, and light sensor, each ALTA has its own unique sensitivity to 

light (within limits, of course). 

 To correct for these differences between instruments and to move the measurement closer 

to what happens to the light, measurement of light reflectance is given as the percentage or 

proportion of light (for each wavelength or colour) that reflects from the leaf. The display 

number measurements indicate how much light (of each color) has reflected from the leaf, 

but how much light hit the leaf to start with? 

 One way to measure how much light hits the leaf, and how much is reflected, is to take 

reflectance measurements of a standard material — something from which we think we 

know how much light is reflected. Good standards for this experiment are heavy white 

paper or white poster board, which reflect almost all of the light that hits them, about 85%. 

White photocopy paper is not ideal — it is thinner than construction paper and allows 

some light to pass through it.  

 To measure the reflectance standard, put the spectrometer on your piece of white paper and 

again measure the spectrometer's output voltage for each lamp. Write these numbers in the 

worksheet in the column labeled “Standard White Paper.” 

 With the “Standard” data, we can now calculate the percentage of light reflected by the 

leaf. For each color, simply divide the display voltage number for the leaf by the display 

voltage number for the white paper and multiply by 100. This value is called the 

reflectance.  

 % Reflectance = [(Display number for sample) + (Display number for white paper)] x 100. 

 For data of students, calculate the percent reflectance and write them in the table on the 

worksheet. 

 If your student lab is using the “better” quality worksheet, follow this procedure: The 

spectrometer display number is usually not zero when there is no light on the sensor. The 

display value is usually between zero and 150 — this is called the “dark voltage.” It comes 

entirely from the sensor, not from light hitting the sensor. To get a real reflectance value, 
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you should subtract the dark voltage from the measured voltages, and then divide the 

sample by standard and convert to a percent value. % Reflectance = (Display voltage for 

sample - dark voltage) x 100 

 Graph your standardized reflectance data (as proportions) on suitable graph paper (either 

the “Reflectance vs. color” or “Reflectance vs. light wavelength” templates). This graph is 

a reflectance spectrum. 

End of this exercise student should be written an essay about spectra of different leaves. Not all 

leaves are the same colours: different kinds of plants have different hues of green; young leaves 

are different colours from mature leaves; and dying leaves are different from mature leaves. 

Collect a variety of agricultural crops leaves and measure the reflectance spectrum of each. What 

are the differences among different kinds and ages of leaves? Why might leaves have different 

colours? How might a plant benefit by having dark leaves rather than light-coloured leaves? 

Take reflectance spectra on different materials. Some materials that can be used include rocks (flat 

surfaces are best); soils(black chernozjem, yellow sand). 

 

Exercise 4. Spectral Data validation  

 

4. Purpose of the exercise: 

Students will understand some of the interpretations and uses of Earth observation satellite 

imagery by taking reference “ground truth” reflectance spectra of common land surface covers; 

This exercise focus on learning the importance of near-infrared spectral bands in Earth 

observations; and experimenting with false-colour infrared imagery. 

 

4.1. Required knowledge  

Images of Earth from space have had a profound influence on the way people think about our 

hydrological cycle. From those high vantage points, it's easy to understand the interconnections 

among atmosphere, land, ocean, and different water bodies (surface water and groundwater). 
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Views from the “high ground” of space are now essential to understanding Earth's environments. 

Our views from space come mostly from Earth observation satellites, which now include a huge 

range of sensors that let us observe weather, water in the atmosphere, vegetation, heat emissions, 

ocean temperature, ocean topography, and even military targets. 

In this lesson, students will explore the reflectances of many types of land surface covers, as 

“ground truth” for interpretation of satellite imagery. This lesson can provide a strong background 

for interpretation of spacecraft imagery, especially of false-color imagery, that could be used in a 

broad range of environmental studies. 

Most sensors in Earth observation (EO) satellites are imaging spectrometers, which means that 

they collect images or photographs of the Earth's surface in a number of different light 

wavelengths. An imaging spectrometer isn't limited to visible light or to three colors. For instance, 

the LANDSAT satellites have an imaging spectrometer called TM (for thematic mapper) that 

records three wavelength bands of visible light and four bands of invisible infrared light. For each 

spot in the scene (each pixel of the final image), TM measures the intensities of light in these 

seven wavelength bands. Besides LANDSAT TM, there are many other satellites and sensor 

systems used in remote sensing. Newer satellites are usually measured in multiple channels than 

older ones. The next shows how the ALTA Reflectance Spectrometer wavelengths compare to the 

color bands of some of these imaging spectrometers. 

 

 Approximate Equivalents 

ALTA Color 
Wavelength 

(nm) 
LANDSAT 1-3 MSS 

LANDSAT 4,5 

MSS 

LANDSAT 4,5 TM, 

7,8 SPOT 

Blue 470     

Cyan 525   Band 1  

Green 560 Band 4 Band 1 Band 2 Band 1 

Yellow 585     

Orange 600     

Red 645 Band 5 Band 2 Band 3 Band 2 

Deep Red 700     

IR-1 735 Band 6 Band 3   

IR-2 810   Band 4 Band 3 

IR-3 880    Band 3 
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IR-4 940 Band 7 Band 4   

 

The data from an imaging spectrometer is stored in a computer as a digital image, and it can be 

shown in colors that are different from those in the original scene. For instance, you could take the 

intensities of red light and show them as blue on your computer screen or paper. This type of 

image, with colors deliberately changed, is called false color. 

False color is an important way of representing the brightness of infrared light, which of course 

does not have visible colors. Probably the most familiar type of false-color image shows a near-

infrared wavelength (like 880 nm) as red, real red as green, and real green as blue. Real blue is not 

shown, and appears black. This false color is useful because vegetation is very reflective (bright) 

in near-infrared wavelengths. 

 

 The students have take ALTA reflectance spectra of different types of vegetation, 

including, at a minimum, a deciduous fruit leaf, green grass, and conifer needles (pine, fir, 

or spruce) winter wheat, sunflower, potato. Arrange masses of the grass blades and conifer 

needles so they completely cover a black surface and use the ALTA on the masses of 

blades or needles. Have the students record their data (including dark voltage), calculate 

reflectances, and graph the reflectances of the different types of leaves on a single graph. 

What are the differences among the reflectance spectra of different leaf types? Are there 

any clues in the visible colors of the leaves that would hint at the differences in their 

infrared reflectances? For each of the leaf types have the students prepare a bar graph 

showing reflectances of the leaves in the wavelength bands that LANDSAT TM would see 

Table. How could you use the results to distinguish different ground covers from orbit, 

such as a grass farm from a Christmas tree farm from a woodlot? Why might leaves have 

different colors? How might a plant benefit by having dark leaves rather than light-colored 

leaves? [LANDSAT TM images and other multispectral images can be seen on the Internet 

at http://svs.gsfc.nasa.gov/ among many others.] 

 Have the students record their data (including dark voltage), calculate reflectances, and 

graph the reflectances of the different types of materials (dirt, common rocks, asphalt, 
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concrete, and roofing shingles) on a single graph. What are the differences among the 

reflectance spectra of these different surface covers? What wavelengths of light are best for 

distinguishing these types of surface cover? What wavelengths of light are best for 

distinguishing living plants from these “mineral” surface covers? For each of the surface 

types, have the students prepare a bar graph showing reflectances of the surfaces in the 

wavelength bands that LANDSAT TM  or Landsat 8, Sentinel 2 would see. 

 Studies of vegetation, crops, and land cover typically use a false-color representation of the 

scene where reflectance in the near-infrared light (880 or 940 nm) is shown as red, while 

green and blue reflectances are shown as green and blue. In this false-color set (or 

transformation), what colors would the leaves and other ground cover appear to have? 

How would they look in this transformation: 430 nm as red, 635 nm as green, 880 nm as 

blue? 

End of this exercise student should be written an essay about what happens to the energy in the 

light that is absorbed? To find out, do the quick experiment of placing pieces of black and white 

construction paper in the sun (or under a bright lamp). After 15-30 minutes, feel how hot they are. 

What does this discovery suggest about why cities tend to be hotter than the farms and forests 

around them? In the summer, you've probably noticed that it is cooler in the shade of a tree than it 

is on concrete or asphalt. Also, you may have noticed that it is hotter in a city than outside the city 

in fields and forests. Part of these temperature differences comes from how much light is absorbed 

by leaves compared to concrete, asphalt, roof shingles, etc. For each of the leaf and surface cover 

types, calculate the average light reflectance (in visible and near-infrared light). On average, do 

leaves reflect more or less light than other cover types? 

Also, explain the following phenomenon the eaves change colour as they age, and this change can 

be used to tell (from a satellite in orbit) how quickly crops are maturing. Collect new, mature, and 

dying leaves from a plant (or plants). What are the differences? Often, the reflectance at about 700 

nm (barely red) shows the most change. Is this the case for your leaves? This change (if you see it) 

is supposed to come from changes in the chlorophyll molecules in the leaves (old chlorophyll does 

not absorb the same wavelengths of light as new chlorophyll). 
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Exercise 5. Remote measurement of soil water content. 

 

In this lesson, the students will gain hands-on experience in the remote measurement of soil water 

content. This remote sensing measurement, done from aircraft or satellite, is one of the common 

predictors of crop success and so has widespread and important environmental value. The students 

will measure the reflectance spectra of a single soil sample at various moisture levels, compare the 

spectra, and generalize from these a tool for using reflectance spectra as a measure of soil 

moisture.  

5.1 Required knowledge 

This lesson assumes that the students have used the ALTA spectrometer in previous lessons and 

focus on develop laboratory standard spectra for a soil with differing water contents, calculate the 

water content of real soil, track the water content of real soil through time on a from saturation to 

diurnal and measuring soil moisture and thereby predict crop water requirement. 

 

5.1. Purpose of the exercises 

Soil moisture is one of the prime predictors of crop growth. As a result, there has been 

considerable effort to use satellite imagery to understand soil moisture and predict crop success. 

This effort aims not only to assist farmers, but also to assist grain traders and speculators. 

Collect samples of a soil, preferably from different soil types near the classroom so the students 

can visit it to take spectra in place (i.e.,  in situ undisturbed or disturbed soil sample). Collect 

about a kilogram disturbed sample for 10 samples of ~50 grams subsample each with plenty left 

over, and spread it out to dry for a day or two on trays inside your lab. After drying, the soil 

should be crumbly or sandy, and should not ooze water when squeezed. Put the dried soil in a 

water-tight container for use in lab. 

Measure current soil humidity have to take a sample of the dried soil (~50 grams), weigh it, and 

record the weight. Put the sample in the oven, spread out in an aluminum pie pan or other surface, 

and bake it at ~105 C° for an hour. This will dehydrate the soil (well enough for this exercise). Let 

it cool, and reweigh it. The weight loss is all water. The percentage weight loss from the original 
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is the percentage of water in the original soil; soil water is commonly 5-20% . This soil moisture 

content will be used in your students' calculations. Save the dehydrated soil in a watertight 

container to measure its reflectance spectrum. 

Locate and collect satellite or airplane images of farmland that show variations in the color of the 

soil (image from a remote sensing or agriculture book or journal). The local agriculture extension 

agent may be able to help in securing these materials. 

Each student/group will weigh their soil sample and take a standardized reflectance spectrum of it. 

Then, each group will add a different amount of water to their sample, mix it thoroughly, and 

again take a standardized reflectance spectrum. Using the water content of the base soil, each 

group will calculate the water content of their mixed soil. All the groups will compare their results 

and graph reflectance versus soil moisture content for each wavelength. 

• Have students collect the soil and spread it out for drying. Have students dehydrate a 

sample of the soil and calculate the moisture content of the dried soil. Distribute the dried soil to 

students/groups, in masses of about 50 grams each. Have each student/group obtain and calculate a 

standardized reflection spectrum for their soil sample. 

• Have each student/group add a different amount of water to their soil sample — e.g., 0.5 

gram for group 1, 2 grams for group 2, etc. Each should mix the water thoroughly into their soil 

sample and obtain a standardized reflectance spectrum of the moistened soil. 

• Each group should, using the percentage of water in the dried soil, calculate the percentage 

of water in their moistened sample. 

• Each of your groups has obtained a reflectance spectrum of the same dried soil. Compare 

the reflectance measurements of all the groups. Even though they measured the same material, 

they will undoubtedly have slightly different results. Discuss why the results might not all be the 

same. Soil brightness vs. wavelength and water content: best light wavelength. On a single graph 

on the board or overhead, plot each group's data reflectance spectrum for their moistened soil 

(horizontal = wavelength, vertical = reflectance; excel worksheet), and label each as to its 

percentage of water. At which wavelength(s) does the reflectance of the soil change the most as its 

water percentage changes? (In other words, which wavelength of light shows the greatest 

difference in brightness between wet and dry soils?) Does a single wavelength show the most 
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change over the whole range of water percentage, or does reflectance at some wavelength change 

a lot with the driest soils, but little for wetter soils? 

• Select the wavelength of light where reflectance changes the most with changing water 

content to calibration of soil water. For that wavelength alone, collect the groups' data and make a 

graph of reflectance in that wavelength (vertical) vs. percentage of water in the soil (horizontal). 

Describe how the brightness at that wave-length varies with water content (increases or decreases? 

linear or not?).  

• Take the class and spectrometers out to the site where you collected the soil sample to in-

place measurement.. Have the students take reflectance spectra of the soil in its place on the 

ground. Referring to their calibration graph constructed in the laboratory, what is the water content 

of the soil in place? 

• Show the class images of farmland with variations in the colour of the soil (image from a 

remote sensing or agriculture book or journal) to compare with remote sensing. How would they 

use images like this to estimate the water content of soil? How would they use imagery like this to 

plan what crops to plant? How would they use it to know when to plant the crops.  

 

Exercise 6. Water quality measuring 

 

6.1. Purpose of the exercise:  water turbidity 

This exercise is a demonstration of measuring water turbidity, using a model of the standard 

method. It can be adapted for use by small groups, but is presented as a demonstration because it 

requires a large volume of water and careful control of room lighting. The precise control of room 

lighting is a good lesson on the importance of careful experimental conditions, without careful 

controls, variations in room lighting can skew the data you want to measure. Here, the ALTA is 

used only as a light meter; its own coloured lamps are not used. This practise assumes that the 

students are acquainted with the ALTA spectrometer. 
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6.2 Required knowledge 

An important measure of water quality is its turbidity, or the amount of small particles suspended 

in the water. The particles could be dirt, clay, or other mineral materials, which might make the 

water look nasty and taste bad. The particles might be little drops of oil, like an emulsion, which 

would probably make the water dangerous to drink. Or the particles might be algae or bacteria, 

which would very likely make the water dangerous to drink. Measuring water turbidity is also 

important for other uses of water — the particles in turbid water hurt machinery by clogging small 

pipes, sticking to the insides of boilers, and wearing down water pumps. 

There are many ways to measure water turbidity, but the standard method recommended by 

relies on the fact that light is scattered by particles in water. The more particles are present, the 

more light is scattered. The standard method, which we replicate here, involves shining a beam of 

light into water, and detecting how much of its light is scattered into a detector aimed at right 

angles to the light beam. 

Set up the fish tank (bottle), lamp, and spectrometer. The lamp should shine straight into the fish 

tank along its long end. The ALTA should be placed near the lamp end of the fish tank, with its 

light entry hole (on the bottom) at the same level as the light beam from the lamp. In this way, 

light from the lamp that scatters from particles in the water can enter the ALTA and be detected. 

The lamp and ALTA should be held firmly in place against the fish tank glass (use small boxes, 

books, and tape), because moving the light beam or the ALTA will affect the measurements. 

Ensure that the cardboard box lined with black paper fits over the fish tank, lamp, and ALTA . 

The cardboard box is a shield to keep room light out as much as possible. 

Follow the  next procedures. 

 Before the lesson. Fill the tank with a measured amount of clean water and write that 

amount in the data sheet. Turn down the room lights. 

 Background Measurement 1. With the room lights low, turn the ALTA on, but leave the 

lamp off. Record the display number on the data sheet. This number includes the dark 

voltage of the ALTA plus a response to the room light that gets into the box and around to 

the ALTA's light sensor. Have students and objects move around the room a couple of 

times and record the ALTA display number each time, to see how sensitive the 
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experimental setup is to the positions of people and things. The number should change a 

lot as shadows fall on the ALTA and as light reflects into the ALTA. 

 Background Measurement 2. Place the cardboard box over the tank, ALTA, and lamp. Keep 

the lamp off and the ALTA on. Record the ALTA number on the data sheet. Have a 

student stand in front of the box's opening, and see if the display number changes — it 

likely will because the student will either block out light from the room or reflect light into 

the box. Record display numbers with students at various places around the room, to see 

how sensitive the experimental setup is to the positions of people (and things) in the room. 

Decide on standard places for people and things that will be repeated in each of the follow-

ing steps. 

 Background Measurement 3. With students and objects in their standard positions, turn on 

the lamp and record the ALTA display number on the data sheet. This is the response of 

the system (ALTA, lamp, and box) to clear water; it is higher than the background of part 

2 because some light from the lamp reflects around in the tank and box and eventually into 

the ALTA. 

 Turbid water. Add a teaspoon (a few milliliters) of milk to the fish tank and stir until mixed. 

With all people and things in their standard positions, record the amount of milk added and 

the ALTA display number. Repeat this procedure, adding milk and recording the number. 

If teaspoons seem to go too slowly, feel free to add more at a time. Continue adding milk 

and recording data until you cannot see through the tank. 

Follow the  next procedures.to study. Interferences. 

 Compare the ALTA readings you took for Background Measurements 1 and 2. On 

average, are backgrounds 1 or 2 higher? Was the cardboard box useful in blocking out 

room light? 

 What was the range for Background Measurement 2, from highest to lowest? What was the 

range of ALTA readings for milky water (from part 3 above)? How much milk in the tank 

would it take to give the same number as the highest background measurement from part 

1? From part 2? So, how important was it to have blocked out room light and to have 

controlled shadows and reflected light from the room? 
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Follow the  next procedures: Turbidity. 

 On the data sheet, subtract the Background Measurement 3 (lamp on, everyone and 

everything in standard position) from each of the ALTA measurements of milky water. 

Write these differences in the proper column on the data sheet. These numbers are 

measurements of how much light scattered from the milk in the water into the ALTA. 

 On the data sheet, fill in the column “Cumulative Quantity of Milk.” Be careful to convert 

all your measurements to the same units. For higher math levels, also fill in the column 

“Concentration of Milk,” in units like “teaspoons milk per gallon water” or “liters milk per 

liter water.” 

 Graph your results on the attached sheet, with “turbidity value” on the vertical (y) axis and 

amount or concentration of milk on the horizontal axis (x). Choose the scales for the axes 

to fit your data. 

 The graph should show that the ALTA turbidity value increases as the amount of milk 

increases, up to a point. If someone put some milk in your fish tank (starting with the same 

amount of water you did), how could you use this graph to tell how much milk was added? 

 At higher amounts of milk, your graph should become flat or even go back down to lower 

ALTA turbidity values. Why is this so? Look at the beam of light in the milky water, and 

see if it gets dimmer away from the lamp.  

 Invention. The design of the demonstration (fish tank or bottle in a darkened room) here 

would not work well in real world situations, such as trying to measure water turbidity in a 

stream or lake. Try designing a system (with a lamp and a sensor at right angles to the 

lamp) that could be used to measure water turbidity in the outside environment. The 

system should not be sensitive to water, should work in bright sunlight, and should be able 

to measure turbidity just at the water surface and to water depths of at least 20 feet. 

Please writte a short essay about next questions. What kinds of drinks are turbid? [Orange juice, cider, 

some sodas, coffee, some beers. How does their turbidity affect how you think about them? For example, 

what would you think of crystal clear orange juice? Would you drink turbid bottled water? How could a 

fruit juice or spring water company use turbidity measurements to help in manufacturing? 

Shine a light through some milk. What color is the light after it passes through the milk? What happened to 



  

  

 

21 

the light that didn't pass through the milk? 

  Repeat the experiment with the ALTA and fish tank using first a red filter (like cellophane) over 

the lamp and then using a green filter over the lamp. Which color is scattered more by the milk — 

red or green? 

Take a survey of students (or others), asking why the sky is blue and why sunsets are red. Tabulate 

the answers. How many mentioned scattering of light in the air? 

 

 

Exercise 7. Water quality measuring 

 

7.1. Purpose of the exercise:  water turbidity 

This practise is modelled on one of the cloud-detection experiments carried on the Galileo Probe. The 

concept of this lesson, scattering of light by small particle (Water Turbidity), but the arrangement of the 

light source and the detector is more realistic for most applications (see Background and Extensions). The 

lesson is written as a classroom demonstration exercise because it requires a large experimental setup and 

careful control of room lighting. The influence of room lighting is a good lesson on the importance of 

experimental conditions: without careful controls, variations in room lighting can swamp the data you want 

to measure. The ALTA spectrometer is used only as a light meter; its own coloured lamps are not used. 

 

7.2 Required knowledge 

Measuring the abundance of particles in the air is useful in many aspects of science and everyday 

life. The particles might be droplets of water vapor (clouds and fog), dust, or soot and other 

hydrocarbons (smog or pollen). The environmental implications of air particles are obvious — 

they can affect our health, the quality of our lives, our safety while driving or flying, etc. This 

experiment doesn't use fog (as from dry ice) because it is difficult to quantify the thickness of the 

fog. 

To detect clouds in Earth's atmosphere, the Experimental Probe shot a laser beam out and 

measured how much of its light was reflected back. The light detector was near the laser, which is 
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how the lamp and ALTA are arranged in this lesson. The Probe was designed to measure the 

heights and abundances of particles of the topmost cloud layers, before the probe was crushed by 

the pressure of Earth's deep atmosphere. What we see of other planet is all clouds, but they are not 

all made of water droplets like Earth clouds — some are made of harsh chemicals like frozen 

ammonia (NH3) and frozen ammonium hydrosulfide (NH4SH).  

Cover the hole on the back of the ALTA with clear tape or plastic. This will keep smoke out of the ALTA. 

Set up the box, lamp, and spectrometer as shown in Fig. 2. The lamp should shine straight into the 

box along its long end. The ALTA should be placed on the same end of the box as the lamp, with 

the lamp as close to the ALTA photodetector as possible. The lamp and ALTA need to be held 

firmly in place against the box (use small boxes, books, and tape), because moving the light beam 

or the ALTA will affect the measurements. The cardboard box is to contain the smoke and to keep 

room light out as much as possible. 

To make “clouds” or “fog”: Choose an area of the room away from smoke detectors. It will 

probably be useful to open a window or have a fan handy to dissipate smoke safely. 

Using canned smoke, candles, long fireplace matches, or something similar, begin to put smoke 

into the box in gradual steps (i.e., by spraying small puffs of canned smoke, or by lighting a candle 

or match for a short period of time and blowing it out in the box). Repeat this step as 

measurements are made, trying to introduce about the same amount of smoke each time. If 

additions make little change in measured readings, increase the amount of individual smoke 

additions, recording the time in the “Smoke Additions (time)” column on excel data sheet 1. 

 Background Measurement 1. With the room lights low, turn the ALTA on, but not the 

lamp. Do not use the ALTA colored buttons — this exercise does not use the ALTA's own 

lamps. Record the display number on the data sheet. This number includes the dark voltage 

of the ALTA plus a response to the room light. Have students and objects move around the 

room a few times and record the ALTA display number each time. The ALTA number (the 

amount of light entering the spectrometer) should change as shadows fall on the ALTA 

and as light reflects into it. These changes demonstrate the importance of experimental 

design on the results of an experiment. 
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 Have a student stand in front of the box's opening, and see if the ALTA display number 

changes — it likely will because the student will either block out light from the room or 

reflect light into the box. Record display numbers with students at various places around 

the room, to see how sensitive the experimental setup is to the positions of people (and 

things) in the room. Decide where people and things must stay for the following 

measurements, so their movement will not affect the results. 

 Background Measurement 2. With people and things in their standard places, turn on the 

lamp and record the ALTA display number on the data sheet. This is the response of the 

system (ALTA, lamp) to the empty box. If the background reading here is high (>300 or 

so), adjust the flashlight's beam direction and beam width to give a lower reading. 

 Smoke. With all people and things in their standard places, add a set amount of smoke to 

the tank. Record the ALTA display number. Repeat this procedure, adding smoke and 

recording the number. If additions of smoke make little change in the display number, puff 

in a little more canned smoke at a time or burn the candle or match a little longer per 

measurement. Continue adding smoke and recording data.. 

 Interferences: What was the range of Background Measurements 1, from highest to 

lowest? How many smoke additions would it take to give the same number as the highest 

Background Measurement from part 1? From part 2? How important was it to have 

controlled shadows and reflected light from the room? 

 Turbidity .On the data sheet, subtract the Background 2 measurement (lamp on, everyone 

and everything in standard places) from each of the ALTA measurements on smoky air. 

Write these differences in the proper column on the data sheet. These numbers provide a 

measure of how much light scattered from the smoke particles in the air into the ALTA, or 

the turbidity of the air. 

 On the data sheet, fill in the column “Cumulative Number of Smoke Additions.” 

Abundance would usually be measured as “particles per cubic centimeter” or “particles per 

cubic meter,” but we can't count the particles directly. 
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 Graph your results on the attached sheet, with turbidity value (part 2a above) on the 

vertical (y) axis, and the cumulative number of smoke additions on the horizontal axis (x). 

Choose the scales for the axes to fit your data. 

 The graph should show that the ALTA turbidity value increases as the amount of smoke 

increases, up to a point. If someone put some smoky air in your box, how could this graph 

let you quantify how smoky the air was? 

 With very high amounts of smoke, your graph (part 2c) ought to become flat or even go 

back down to lower ALTA turbidity values. Why might this happen? For instance, how 

might black soot in the air be different from white powder? 

  Detecting fogs or dusts has many practical applications. Based on what you have learned from the 

design of this experiment, how would you make: 

A fog detector for tractors that automatically turns on fog lights when the fog is thick enough. 

Make sure the sensor won't blind the driver. 

A sensor that activates a tractor' s windshield wipers when they are covered by raindrops. Make 

sure the detector won't blind the driver. 

Target materials. What kinds of material might the reddish dust be like? Brainstorm a list of 

reddish materials, including ones that might make tropical zone. Write all the suggestions down. 

You will likely get responses like apples, tomatoes, blood, rust, makeup, red rocks, paint, etc. 

Collect the ones in your classroom already, along with whatever red/orange colored materials you 

may have on hand. Assign students to bring in the items you do not already have. 

Assign each group a red material and have each obtain a reflectance spectrum of the material 

(definitely including standardization, and possibly including dark-current subtraction if the class is 

at that level of sophistication). Have each group tabulate and graph their results, and compare their 

reflectance spectrum with the iron spectrum of the bright lateral soil. Have each group present its 

results to the class (this should only take a minute or two) saying whether their material is possible 

or likely on Earth’s different surface. The group should comment on both the shape of the 

reflectance spectrum and the overall brightness (reflectance) of the spectrum. Post all the spectra 

on the board. 
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