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For the Teacher  
The first personal computers were designed for electronics hobbyists and were of little use to the general population.  That changed in 1979 with the release of VisiCalc, the world’s first electronic spreadsheet for personal computers.  Although it resembled a traditional accounting ledger, VisiCalc performed operations automatically, based upon formulas entered by the user.  Calculations that would normally take hours could now be performed in seconds.  Immediately, scientists, engineers, and others recognized the potential for personal computers, fueling the personal computer revolution. 

The electronic spreadsheet has stimulated dramatic growth in scientific research by freeing scientists from menial calculations, allowing them to focus their time and efforts generating hypotheses, designing and conducting experiments, and evaluating results.  Modern spreadsheet programs can be used to perform calculations, graph data, and organize information.  They are an essential tool for students of science, as well as scientific researchers. The information in this section is applicable to all common spreadsheet programs, but the examples and downloadable files [sciencesourcebook.com] were made using Microsoft Excel(.  In this chapter, students will learn how to use spreadsheet programs to record, graph, and analyze laboratory data and other scientific information.  Such skills are invaluable to students in the Information Age.  

All of the exercises in this chapter employ scientific data and can be used to teach science concepts.  Although there is discussion regarding spreadsheet mechanics, the emphasis is on using spreadsheets to analyze and interpret scientific data the way scientific researchers do.  Mechanics vary between spreadsheet programs, and between versions of programs.  As a result,  we have not included specific mechanics in this chapter, but rather encourage the student to use the software help menu for program-specific questions.  Search the help menus of your software for the terms and concepts written in italics in this chapter.

Spreadsheet Basics

The activities in this chapter use basic mathematics operations. Note that the keys for addition, subtraction, multiplication, division, exponent, and scientific notation are +,-,*,/,^, and E,  respectively (figure 20.1B). The order of operation (sequence in which calculations are performed within a cell) is algebraic (figure 20.1C). 

Calculations are preceded by an equal sign (=) and functions operate on data enclosed in parentheses or brackets (the argument).  For example, =COS(D5) returns the value for the cosine of the contents of cell D5.  A range of variables is designated by a colon (:) between the beginning and ending cells. For example, =SUM(B4:B12) gives the sum of all values between B4 and B12.   One can also specify a series of values by separating them with commas.  For example, =SUM(B6,B9) delivers the sum of these two cells, while =SUM(B6,B7,B10:B12) delivers the sum of the two individual cells, B6 and B7, and the sum of the range from B10 to B12.  Figure 20.1D lists the most frequently used functions in teaching science.

Spreadsheets allow formulas to be copied to adjacent cells. In general, formulas are copied relatively.  For example, if the formula =B4/B13 is copied down a cell, it will be B5/B14.  Similarly, if it is copied up a cell, it will have the value B3/B12.  If you want part of the formula to refer to a specific cell so the reference does not change when copied, it is necessary to use an absolute reference, indicated by a dollar sign ($).  For example, if the formula =B4/$B$13 is copied down a cell, the first value changes relatively, while the second remains the same,  =B5/$B$13.

Although all spreadsheet programs have the same fundamental capabilities, they differ in mechanics, and as a result we provide only generic instructions.  To plot data, the user must select relevant cells and the desired graph format (bar, line, X-Y, etc).  Once a graph has been made, the user may redefine the source data (location of data series, x-values, y-values), titles (chart title, x-axis title, y-axis title), axes, gridlines, legends and data labels.  In most programs, one can change a feature by selecting it (right or double-clicking on it) and choosing the options that accompany the contextual menu that appears.  

In this chapter, students gain competence developing and interpreting the most common types of tables and graphs used in science (table 20.1). Tables are best when precision is required, while graphs are best when one needs to make quantitative comparisons, or see trends and relationships.   However, if one want to show spatial relationships, it is better to use maps, and if one wants to show non-quantitative relationships, diagrams are best.  Charts can be used for a wide range of purposes.  Spreadsheet programs generate tables, graphs, and charts.

	Table 20.1 Different types of visual representation

	
	table
	graph
	map
	diagram
	chart

	key features
	precision of information
	quantitative comparison
	spatial

relationships
	non-quantitative relationships
	variable

	examples
	frequency table

reference table

spreadsheet

time table
	area graph

bar graph

histogram

line graph

nomograph

Pareto graph

scatter plot
	contour map

demographic map

distribution map

geological map

relief map

weather map


	conceptual diagram

decision chart

flowchart

procedural diagram
	pie chart

proportional chart

ranking chart

tree chart

Venn diagram


20.1 Calculations and Computer Modeling

An electronic spreadsheet, such as Microsoft Excel(, presents data in worksheets (figure 20.1A), documents that can store, manipulate, calculate, and analyze data.  Data is placed in cells formed at the intersection of columns and rows. Cells can hold numbers, formulas, or labels. The address or reference of a cell is the combination of the column and row headings.  For example, the address B5 refers to data found at the intersection of the column-B and row-5. Cells may contain formulas linked to the contents of other cells.  For example, the formula =A5+B5 refers to the sum of the contents of cells A5 and B5.  When the value of a cell is changed, all cells with formulas referring to that cell are updated. Note that the keys for addition, subtraction, multiplication, division, exponent, and scientific notation are +,-,*,/,^, and E,  respectively.

Figure 20.2 is a spreadsheet that shows a variety of calculations common in science.  The shaded boxes on the right side of the spreadsheet reveal the formulas that are embedded in the boxed cells immediately to their left.  The temperature conversion equations convert Fahrenheit to Celsius (figure 20.2A).  To convert, one must first subtract 32 (F, then multiply by 5/9.   The formula in D3 reads =(B3-32)*5/9, where B3 represents the Fahrenheit temperature in cell B3, and * indicates multiplication.  Note that the formulas in cells D4 and D5 parallel D3, referencing the temperatures in B4 and B5.

The formula for calculating the distance an object travels in freefall is d=1/2gt2 , where g is the acceleration due to gravity, and t is the elapsed time (figure 20.2B).  The formula in D9 is =1/2*$B$9*(C9)^2.  Since g (the acceleration due to gravity) does not change, the formulas for D10 (=1/2*$B$9*(C10)^2), and D11 (=1/2*$B$9*(C11)^2), both refer to B9 where the value of g is found.  A dollar sign ($) in a cell reference makes it an absolute reference for the purpose of copying.  If the formula is copied to another cell, $B$9 remains the same, while the other reference (C9) changes to C10 or C11 depending on the row to which it is copied. To calculate the acceleration due to gravity on the moon or another planet, one merely needs to substitute the applicable value for g in cell B9.

In figure 20.2C, the force of gravity on an object at the earth’s surface is calculated using Newton’s Universal Law of Gravitation.    The equation in D15 reads =C15*(C16*C17)/C18^2/  where cell C15 contains the universal gravitational constant, G, C16 contains the mass of the object, C17 contains the mass of the Earth, C18 contains the radius of the earth, and the ^ character indicates an exponent.   By changing the contents of C16, the mass of the object, one can determine the force (weight) of any object.  Note that mass of the Earth (C16, in kg) and the radius of the earth (C17, in meters) are so large that they must be represented in scientific format with exponential notation.  5.97E+24 is the spreadsheet format for 5.97 x 1024 kg, the mass of the Earth, and 6.38E+06 is the spreadsheet equivalent of 6.38 x 106 m, the radius of the Earth. 

Figure 20.3D illustrates some basic statistics.  The values in B22-B28 represent experimental values for the volume of one mole of gas at standard temperature and pressure, measured in liters.  The values in D22 to D26 represent the sum, maximum, minimum, average, and standard deviation of these volumes.  In each case, the statistical function is applied over the range of experimental values (B22:B28).  Changing values in cells B22 to B28 may result in a change in the average molar volume, as well as the associated statistics.   Such statistics are frequently used in laboratory experiments.

In formula in figure 20.2E determines if a projectile going a given speed (the values listed in B32, B33, B34 or B35) will reach escape velocity and leave the Earth’s gravitational field.  Escape velocity is 40,200 km/h.  The formulas embedded in cells  C32 to C35 are logic statements  =IF(+B32>=40200,”yes”,”no”).  If the contents of cell B32 (the velocity of the first craft) is greater than or equal to 40200 km/h, then it will escape the earth’s gravitational field and the formula returns the conclusion, “yes, it will escape”.  If, however, the velocity is less than 40200 km/h, then it the formula returns the conclusion, “no, it will not escape.”  The spreadsheets for this activity are available online at sciencesourcebook.com.

Activity 20.1.1 – Using formulas

Examine the formulas shown in the boxes on the left of figure 20.3 and determine the spreadsheet representation of the formulas embedded in the shaded cells. Remember that the keys for addition, subtraction, multiplication, division, exponent, and scientific notation are +, -, *, /, ^, and E, respectively.

Activity 20.1.2 – Performing calculations

Figure 20.4 compares the speed of a variety of things expressed in miles/hour.  Download the spreadsheet from sciencesourcebook.com and convert the first entry (D3) to the metric equivalent (kilometers/hour) using the formula =C3*1.61 (there are 1.61 kilometers per mile), then copy this formula (in a relative manner) down the column.   The new contents of D4 should read =C4*1.61.  In most spreadsheet programs, a formula can be copied by dragging the cell handle (figure 20.1A) in the lower right corner of the source cell over the destination cells. Compare the speed of the fastest human relative to each item in the list by dividing the speed of the human (35.4 km/h) by the speed of the object.  For example, the formula in E3 should read 35.4/D3. Copy this formula in a relative manner throughout the column.  

(1) How many times faster is the fastest human than the average snail?  

(2) What fraction of the speed of sound can the fastest man run?

Activity 20.1.3 – Making a conversion tool

Virtually all scientists use the metric system when performing measurements and calculations.  Unfortunately, many Americans cannot relate to meters and liters because they have grown up using customary units such as feet and quarts.   In this activity you will make a conversion spreadsheet that will convert metric units to customary units.  Construct a spreadsheet in which one can enter a volume in liters and receive a volume measured in gallons, pecks, pints (liquid), and quarts (liquid). Refer to table 20.2 for conversion factors. Construct a second conversion chart in which one enters a distance in meters, and receives measurements in feet, miles and yards. 

	Table 20.2 Conversion factors

	customary
	metric
	factor

	liters
	gallons
	0.2642

	liters
	pecks
	0.1135

	liters
	pints 
	2.1134

	liters
	quarts
	1.0567

	meters
	feet
	3.2808

	meters
	miles
	0.0006214

	meters
	yards
	1.0936


Activity 20.1.4 – Computer modeling of greenhouse gas emissions

One of the most powerful uses of a “number-cruncher” (spreadsheet) is to answer the question “What if…?”  The spreadsheet allows the user to produce models and predict outcomes.  Ecologists use spreadsheets to make predictions concerning the influence of various chemicals on global warming.  Figure 20.5
 lists the global warming potentials (GWP) of the most common “greenhouse gases”.  The global warming potential is a measure of the estimated global warming contribution due to emission of a kilogram of  the gas compared to the emission of a kilogram of carbon dioxide.  Note that the other gases listed have GWPs substantially greater than carbon dioxide. Suppose Company-X releases 34 kilograms of  Freon, 15 kilograms of nitrous oxide, and 1 kilogram of sulfur hexafluoride, while Company-Y releases 450 kilograms of carbon dioxide, and 120 kilograms of CFC-12.  Which company would contribute more to global warming?  Answer this question by completing the spreadsheet shown figure 20.5 with the appropriate formulas.

20.2 Relating Graphs to Real-World Experiences

Football coaches develop plays based upon the strength and talents of their players and opponents.  A playbook includes many diagrams such as illustrated in figure 20.6.  Each circle represents a player, each diamond an opponent, and each line a planned movement.  Team members must memorize many such diagrams so they can quickly assemble the correct formation when the quarterback calls for a play.   In a similar manner, choreographers develop diagrams to show dancers how to move, and marching band directors develop maps to show how half-time shows will be performed.  Although a football player, dancer, or drum major may comprehend such diagrams, they do not fully understand them until they have put them into action.  In a similar manner, it is difficult to fully understand a scientific graph until you have done the activity it represents.  In this section you will learn motion graphs by doing the motions they represent. 

Activity 20.2.1 – Walking through motion graphs

The instructor will select graphs for you to demonstrate by walking (figure 20.7).  Examine the graph carefully, noting the axes and defining your zero point before beginning.  Classmates should evaluate your movement to see if it correctly reflects the graph.  If available, use a motion detector and associated probeware to compare your movement with the graph (see chapter 22).

20.3 Graphing Stories

In 1958 C. David Keeling
 of the Scripps Institution of Oceanography started recording the atmospheric carbon dioxide levels at the Mauna Loa Observatory in Hawaii. His work was later adopted by the National Oceanic and Atmospheric Administration  (NOAA), which continuously plots carbon dioxide data year-around.  The graph of this data (figure 20.8)
 tells one of the most important stories in science. The spreadsheet of this data is available online [sciencesourcebook.com, or search Mauna Loa carbon dioxide graph]. 

Hawaii is in the middle of the Pacific Ocean, far from other population centers.  It is therefore a good location for monitoring global atmospheric change.  Note that there are predictable seasonal variations (the small teeth on the graph) and a definite trend of increasing carbon dioxide concentration.  In the forty years between 1966 and 2006, the average yearly atmospheric carbon dioxide concentration increased from approximately 320 ppm to 380 ppm, an increase of nearly 20%!  Carbon dioxide is known to capture infrared radiation and retain heat.  The picture in graph 20.8 tells an interesting and worrisome story.  If carbon dioxide concentration continues to increase, and since carbon dioxide traps infrared radiation, then global temperatures can be expected to rise.  The rapid increase in carbon dioxide, and the resulting rapid change in climate may cause great problems for agriculture and natural ecosystems. Figure 20.8 tells the story of the main cause of global warming - the increase in atmospheric carbon dioxide concentrations that results from the burning of fossil fuels (coal, natural gas, and petroleum) and the removal of vegetation which consumes carbon dioxide (deforestation, desertification).  

Figure 20.8 tells a story that is being read by scientists and politicians worldwide. Graph reading and interpretation are an important aspect of literacy.  One cannot understand the financial, weather, or sports sections of the newspaper without being able to interpret statistics and graphs, much less scientific and environmental stories like that told by figure 20.8.  In this activity you will learn how to recognize stories in graphs, and create stories from graphs.  

Activity 20.3.1 – Matching stories with graphs

Examine the graphs in figure 20.9.   Identify the graph that best represents each of the following stories.

(1) A commuter bus stops at a series of major intersections.

(2) A swinging pendulum experiences substantial friction.

(3) A driver cautiously accelerates from a stop sign and enters a freeway.

(4) A rocket engine fires continuously on a spacecraft in orbit around the earth.

Activity 20.3.2 – Creating stories from graphs

Figures 20.10A-D are distance versus time graphs for runners in a marathon.  Write a plausible story for each runner that can explain the corresponding graph.  Figures 20.10E-H plot the water level in a small child’s swimming pool as a function of time on each of three days.  Write a story to explain each.

Activity 20.3.3 – Creating graphs from stories

Draw graphs of each of the following stories.  Analyze the story, select the appropriate x-axis (independent variable) and y-axis (dependent variable), and plot a rough graph.

(1) Dribbling a basketball. 

(2) Traveling up the lift hill and down the first drop of a roller coaster. 

(3) Money is placed in the bank at a constant rate of interest. 

(4) A thermostatically controlled air conditioner is turned on in a warm room. 

(5) The movement of bridesmaids in a wedding march. 

(6) The height of grass of a well-maintained lawn during growing season. 

(7) The radioactive decay of the unstable isotope, uranium-238. 

(8) A trumpet player practicing his or her scales from middle C to high C and back twice. 

(9) The speed of an orbiting spacecraft. 

(10) The population growth of mice introduced to a very small island.  The population is ultimately limited by the food supply.

20.4 Scatter and Line Graphs

Spreadsheet programs offer scientists a variety of ways to graph data, and it is important to understand the nature of the data before one selects a type of graph.  The data to be graphed should be entered in corresponding rows or columns as illustrated in figure 20.11A.  Select the data to be plotted, then use the graphing or charting tool to create the appropriate graph.  Label the axes on your chart.  Note: The instructions in this section are general because the mechanics vary from program to program.  Refer to your spreadsheet help menu for details not mentioned in this section.  Associated spreadsheet files and links may be found on the companion website [www.sciencesourcebook.com]. Initially you may find it easiest simply to change the values in the existing spreadsheets and observe changes in the associated graphs.

Activity 20.4.1 – Displaying data as a scatter (x-y) plot
Perhaps the most common format for plotting experimental data is the scatter plot (x-y plot) that can show a relationship between two variables (figure 20.11B).  The independent variable is placed on the x-axis, and the dependent variable on the y-axis.  The independent variable must represent a continuum, such as temperature, time, or light intensity, rather than discrete points or factors such as blood type,  habitat, or wing design.  For example, there is a continuum between any two times (e.g. one can divide the time between 5.0 and 5.2 seconds ad infinitum… 5.1 seconds, 5.11, 5.111, etc.), but not between blood types (you have either A, B, AB or O, but nothing in between). Figure 20.11B
 is a scatter (x-y) plot of atmospheric ozone concentration in the Los Angeles basin as a function of time for a smoggy day in September 2006.  Although the measurements were made at one-hour intervals, they could have been made at any time in between because time is a continuous variable.  When the data points are plotted, one can see a relationship between time and ozone concentration.  The atmospheric ozone concentration varies throughout the day, regardless of location.  It is highest in the early afternoon and lowest at night.  

(1) Air pollution trends:  Figure 20.11B demonstrates changes in ozone concentration in a 24-hour period in the mountains and valleys of Los Angeles for a given day in September.  Compare this data with that from the same day at the beach by plotting the data from the "beach" column.  Does ozone pollution at the beach show the same daily fluctuations?  Where is ozone pollution the worst?

(2) Air pollution trends in your region. Access the Environmental Protection Agency [epa.gov] website or you local air quality management district website and obtain the values for ozone or other air pollutants for a given day in the closest large city. Record the time in one column and the pollution concentration in the adjacent column.  It is not necessary to have data at even time intervals since time is a continuous variable.  Plot data such that time is on the x-axis (independent variable) and pollution concentration is on the y-axis.  Adjust the y-axis scale so daily variations can be clearly seen.  Plot data for three days on three separate plots and summarize the trends.  

(3) Body size and brain size:  Scientific researchers are always searching for correlations between variables in an attempt to better understand the world around us.  Such studies have lead to many important discoveries, such as the link between smoking and lung cancer, or the link between alcohol consumption and fetal alcohol syndrome.  Figure 20.12A reports data for average body weight and brain size for a variety of animals.  Plot this data such that body weight is on the x-axis and brain weight is on the y-axis.  Does there appear to be a relationship between body weight and brain size?  Add a linear trendline (best fit line) to the chart.  Are humans above or below the trendline? Explain.

(4) Classifying Stars:  Astronomers classify stars according to their temperature and absolute brightness.  A plot of absolute brightness vs. temperature is known as a Hertzprung-Russell diagram and is used to identify stars as main sequence stars, white dwarfs, giants, and super giants.  Figure 20.12B shows the temperature and absolute brightness measures for stars easily seen from earth.  Make a Hertzprung-Russell diagram by creating an X-Y (scatter plot) plot in which temperature is on the x-axis, and absolute brightness is on the y-axis.  Draw a line through the dots that form a trend diagonally across the chart.  These stars are part of the main sequence.  Is the Sun a main sequence star?

(5) Sunspots: A sunspot is a relatively cool region of the photosphere (Sun’s surface) that is characterized by intense magnetic activity.  Figure 20.12C
 records some the major sunspots by year from 1970 to 1999. Plot the number of sunspots as a function of time on an x-y (scatter plot). Describe the pattern you see. 

Activity 20.4.2 Displaying Data with Line Graphs
A line graph is similar to an X-Y plot, except that the independent variable is discrete and evenly spaced.  For example, figure 20.13 shows the relationship of atomic radius to atomic number.  The atomic radius is one of the most important properties of an atom and influences a number of other properties such as boiling point, melting point, and reactivity.  Atomic radius is a continuous variable, but atomic number is a discrete, evenly spaced variable. Atomic number represents the quantity of protons in the nucleus of an atom and therefore can only be represented by whole numbers. There can be two or three protons in a nucleus, but not 2.2 or 2.356.  

Chemistry

(1) Is boiling point a periodic property?  The periodic table of the elements derives its name from the fact that many properties are periodic, or repeating.  Members of a family (column) share similar characteristics, so when a property is plotted as a function of atomic number, one notices repeating patterns.  Notice that atomic radius is periodic (figure 20.13B), with relatively high radii in the first family (elements 3, 11, and 19) and small radii in the Noble gasses (elements 2, 8, 18). Create a line graph of boiling point vs. atomic number for the first 20 elements using the data provided in figure 20.13A.  Is boiling point a periodic property?  Which families have the highest and lowest boiling points?

(2) Is melting point a periodic property? Create a line graph of melting point vs. atomic number for the first 20 elements using the data provided in figure 20.13A.  Is melting point a periodic property?  Which families have the highest and lowest melting points?

(3) Is atomic mass a periodic property? Create a line graph of atomic mass vs. atomic number for the first 20 elements using the data provided in figure 20.13A.  Is atomic weight a periodic property?

(4) Is first ionization energy a periodic property?  First ionization energy is the energy required to remove the first electron from an atom, and is a measure of how reactive an element is. Elements with extremely high ionization energies will not ionize to form ionic bonds. Create a line graph of first ionization energy for the first 20 elements using the data provided in figure 20.13A. Is first ionization energy periodic? Which families have the highest and lowest ionization energies?

(5) Is electron affinity a periodic property?  Create a line graph of electron affinity for the first 20 elements using the data provided in figure 20.13A.  Is electron affinity a periodic property?  Which families have the highest and lowest electron affinities?
Biology

(6) How did life expectancy change during the last century? Life expectancy is defined as the average number of years that a person can be expected to live.  Figure 20.14A
 shows the average life expectancy for Americans born on the years specified.  Create a line graph of life expectancy as a function of birth year and summarize your findings. List the factors that you believe have influenced the trends you see. 

(7) What are the trends in the causes of death? The twentieth century was marked by dramatic improvements in medicine as reflected in the increase in life expectancy (figure 20.14A).  Are people still dying of the same diseases?  Create a line graph of death rate (deaths per 100,000 population) for tuberculosis, cancer, and cardiovascular disease (heart attacks, etc.).  Explain the trends you see.

(8) Rare and endangered species: In an effort to preserve biodiversity, the United States Wildlife service lists species that are threatened or endangered with extinction.  Figure 20.14B shows the number of species that have received this designation between 1980 and 2000.  Figure 20.14C
 plots the trends for mammals, birds, and amphibians.  Plot the values for reptiles, fish, and plants on a similar graph and summarize your findings.

20.5 Column and Bar Graphs

Spreadsheet programs allow users to plot data in columns.  This is particularly useful when the dependent variable is neither continuous nor evenly spaced, or when the researcher wants to highlight specific divisions of data. Column and bar graphs include the following forms: columns, stacked columns, Pareto, bar and clustered bar, each of which has advantages for displaying certain types of data. The following activities demonstrate the usefulness of column and bar graphs in science.

Activity 20.5.1 – Column chart: Comparing between different items
A column graph allows for comparisons between different items.  Categories are organized horizontally and values vertically.  Figure 20.15B shows the population profiles of the United States and Afghanistan in 2000.  The vertical axis represents the percentage of the population in a particular age bracket.  Note that Afghanistan had a much younger population than the United States, with a very small older population.  Such differences result from the high birth rates and low life expectancies characteristic of many developing nations.  

(1) Biology: Population profiles: Plot the population age profile for Germany using data from figure 20.15A.  Does this profile more closely resemble that of the United States or Afghanistan?  Explain.  Obtain population profile data of three countries of your choice from the United States Census Bureau website or other reputable source, [sciencesourcebook.com, or www.census.gov] create column graphs, and determine if their population profiles more closely resemble those of developed or developing nations.

(2) Ecology: Wolf repopulation in Yellowstone:  In the 19th century, ranchers, farmers and hunters made a concerted effort to eradicate wolves from the western United States.  Wolves are a predatory animal that travel in packs and were seen as a nuisance for ranchers and farmers because they prey on livestock and other animals. Removing wolves upset the food web and allowed for the excessive growth of elk and deer populations, which subsequently overgrazed rangelands and woodlands.   In 1995 the National Park Service reintroduced wolves into Yellowstone National Park in order to re-establish the natural balance.  The wolves were originally introduced in the northern range of the park, but have now spread to other regions.  Produce a column graph of the wolf population of the northern range compared to the park as a whole using the data in Figure 20.15C
.  Describe the growth and distribution of the wolf population between 1995 and 2003.

Activity 20.5.2 – Stacked column charts: Comparing within and between groups
A stacked column chart allows for comparison between items in a group, as well as between groups.  Figure 20.16B is a stacked column plot of the snowfall by month at Mammoth Mountain, California, one of America’s premier ski resorts.  One can compare snowfall in the same month in subsequent years by examining a single column.  Alternatively, one can compare the average snowfall from month to month by comparing the heights of columns.

(1) Environmental Science:  Rechargeable batteries: Batteries have become an essential commodity in developed societies, powering a wide array of portable electronic devices.  People use rechargeable batteries because they seem more environmentally friendly than disposable ones.  Unfortunately, one of the most popular rechargeable varieties, the nickel-cadmium, contains a toxic heavy metal (cadmium) that has been found in aquifers, probably as a result of leaching from batteries dumped in landfills.  Recognizing the need to produce more environmentally friendly rechargeable batteries, chemists developed the nickel-metal-hydride, and eventually the lithium battery.  Table 20.3
 shows the transition in rechargeable battery sales from 1992 to 1997.  Plot this data in stacked columns, so that each column shows percent market share of each battery type each year. 

	Table 20.3 Rechargeable batteries - %market share

	
	1992
	1993
	1994
	1995
	1996
	1997

	Nickel Cadmium
	100%
	89%
	83%
	73%
	58%
	45%

	Nickel metal hydride
	0%
	11%
	17%
	25%
	32%
	41%

	Lithium ion
	0%
	0%
	0%
	2%
	11%
	14%


Activity 20.5.3 – Pareto charts: Ranking data graphically
A Pareto chart is a specialized form of a column chart in which the categories are arranged so that the tallest bar is on the left, descending to the shortest bar on the right.  Generally, the space between subsequent columns is removed. By arranging the bars in order of height, attention is given to the more important categories.  Figure 20.17A illustrates the elemental composition of the human body in descending percent from hydrogen to sulfur, clearly showing that the body is made up mostly of hydrogen, oxygen and carbon.  

(1) Earth science: Seawater composition:  Seawater is uniformly saline, meaning that the relative concentration of ions is similar throughout the world.  Minerals and ions enter the ocean via rivers, thermal vents, volcanoes, and the leaching of rocks on the ocean floor.  Water evaporates from the surface of the ocean, leaving behind minerals and ions that make ocean water “salty”.  Create a Pareto chart of the main ions found in seawater using the data in figure 20.17B.

(2) Ecology: Threatened and endangered species.  In 1973, the United States passed the Endangered Species Act, regulating a wide range of activities that might affect species threatened with extinction.  An organism is classified as “endangered” if it is in immediate danger of extinction, and “threatened” if it is likely to become endangered in the foreseeable future.  The law protects threatened and endangered species and requires the protection of habitat necessary for their survival and recovery.  Using data from figure 20.17C, create a Pareto graph showing the states with the most rare and endangered species.  Offer an explanation for the large numbers of endangered species in the top two states. 

Activity 20.5.4 – Bar charts: Graphing qualitative independent variables  

A bar chart is similar to a column chart, but the axes are reversed.  Bar charts are best suited for qualitative independent variables.  Figure 20.18 shows the mineral composition of the Earth and Earth’s crust. The independent variable is mineral type, which is a qualitative, discrete variable.  

(1) What is the universe made of? Create a bar graph showing the elemental composition of the universe.  

(2) What is the atmosphere made of? Create a bar graph showing the elemental composition of the atmosphere.

(3) What is the ocean made of? Create a bar graph showing the elemental composition of the oceans.  

(4) What are humans made of? Create a bar graph showing the elemental composition of the human body.   Is the composition of the human body more similar to the Sun, the atmosphere, or the oceans?
Activity 20.5.5 – Clustered bar charts: comparing composition of various items

A clustered bar cart allows for rapid comparison of the composition of different items.  For example, figure 20.19 shows the comparative composition of vegetable oils.  A quick glance reveals that coconut oil has a very high percentage of saturated fats, while safflower oil has a very low percentage.  Nutritionists advise diets low in saturated fats since they have been shown to stimulate blood cholesterol and contribute to cardiovascular diseases.  The clustered bar chart allows consumers to make a quick comparison between different oils. 

(1) Physiology: Is blood type distribution the same for all ethnicities? Human blood is classified as A, B, AB or O, depending upon whether it contains the A-antigen, B-antigen, both the A and B-antigens, or neither. Although blood transfusions may be necessary to sustain life following accidents or surgery, the wrong mixture of blood types may be fatal.  For this reason, blood specialists must classify all donor blood according to type. Construct a clustered bar chart from the data in table 20.4 and summarize any significant differences in the distribution of blood types between these groups.

	Table 20.4 Blood Types

	 
	O
	A
	B
	AB

	Koreans
	28
	32
	31
	10

	Egyptians
	33
	36
	24
	8

	Kenyan
	60
	19
	20
	1

	English
	47
	42
	9
	3

	Navajo
	73
	27
	0
	0


20.6 Pie and Area Graphs 

Pie charts (figure 20.20B) illustrate the relative magnitude of a category by the portion of a circle it occupies.  Area graphs (figure 20.22B) illustrate the magnitude of change over time.  Pie and area charts use the size of the plot, rather than its position, to emphasize key features.

Activity 20.6.1 Pie Charts: Comparing relative magnitude within a data series
Pie charts show only one data series, and are useful when emphasizing a significant element.  For example, figure 20.20B shows the leading causes of death in the United States. 

(1) What are the causes of death in developing and developed countries?   Figures 20.20C and D list the leading causes of death in developed and developing countries according to data collected by the World Health Organization
. (Note that the classifications differ from those reported for America by the United States Center for Disease Control
 in figure 20.20A.) Construct a pie chart of the 10 leading causes of death in developing countries and compare it with the 10 leading causes of death in developed countries.  Describe the differences and offer an explanation for these differences.

(2) Which biomes are most productive?  Figure 20.21A lists the approximate percentages of the Earth’s surface that are covered be various biomes and the percentages of the total productivity (amount of biomass produced) accounted for by each biome.  Develop pie charts showing the percentage coverage and the percentage productivity such as those shown in figures 20.21B and C. Which biomes have the highest and lowest productivity per unit area?  Why is deforestation of the tropical rainforests a global concern?

(3) Sources of energy:  The United States and many other developed nations are dependent on foreign sources of energy, particularly oil, to fuel their economies.  What percent of America’s energy comes from the burning of fossil fuels (oil, coal, natural gas)?  Create a pie chart of American energy consumption from the data in table 20.5. Shade the renewable resources in a different color than the non-renewable resources. What percent of our energy comes from renewable sources (hydroelectric, geothermal, wind, biomass, and solar)?
	Table 20.5  U.S. Energy

	Source
	Percent

	Oil
	38.8%

	Natural Gas
	23.2%

	Coal
	22.9%

	Nuclear
	7.6%

	Hydroelectric
	3.8%

	Biomass
	3.2%

	Geothermal
	0.3%

	Solar
	0.1%

	Wind
	0.04%


Activity 20.6.2 Area graphs: Illustrating the magnitude of change over time
Area charts emphasize the magnitude of change over time. By displaying the sum of plotted values, an area chart shows the relationship of parts to the whole.  Figure 20.22B documents the spread of an infestation of bark beetles on four sides of a mountain over a period of ten months.  The graph shows that the spread has been most severe on the south and east slopes. 

(1) Seed germination: Area graphs are an excellent tool for plotting experimental data such as that shown in figure 20.23A
.  Fifty seeds each of a wild, hybrid, and mutant plant were observed for two weeks after planting.  Graph the cumulative seed germination rate using an area graph.

(2) Commercial Satellite launches: The Information Revolution has created a large demand for communications satellites to relay information from one part of the Earth to another.  Private companies recognize the potential to make money in this expanding market.  Create an area graph of the data in figure 20.23B to show the growth of the commercial satellite business in the early years between 2001 and 2003.

20.7 High-Low, Combination, and Log Plots

In many instances it is necessary to plot more than one type of data on the same chart.  High-low (stock) graphs give scientists the ability to plot three values (high/low and average) on the same chart, while combination plots provide the capability of plotting two totally different variables on the same graph by using two different y-axes.  In other instances, scientists use logarithmic (log) plots either to study exponential functions or ones in which there is a large range of values. 

Activity 20.7.1 – High-Low graphs (Stock):  Plotting means and ranges of data
Researchers often want to plot a range of data, rather than individual points.  For this, the hi-low graph is often appropriate.  Stock market analysts are familiar with this type of graph because companies report the high, low, and closing values for stocks each day, month, or year. Scientists often report data in a similar manner.  Figure 20.24 shows the average high, low, and daily temperature for New York City.   The top of each line represents the average monthly high, the bottom represents the average monthly low, and the dot represents the monthly average.    

(1) How does a continental climate differ from a maritime climate?  Denver  (39ºN, 105ºW) and San Francisco (37ºN, 122ºW) are situated at approximately the same latitude, but San Francisco is near the ocean, while Denver is land-locked.  San Francisco is in a maritime environment, sitting on a peninsula with the Pacific Ocean on one side, and San Francisco Bay on the other.  Denver is in a continental environment, close to the center of the continent and far from large bodies of water (figure 20.24C).  Climatologists say that San Francisco has an equable climate, meaning that there is little daily, seasonal, or yearly variation in temperature. By contrast, they characterize Denver’s climate as continental, with substantial changes in seasonal temperature.  Create high-low graphs of the temperature profiles for both of these cities.  Do your graphs support the climatologists' characterization?  Explain.  Note:  make certain both graphs use the same scale. 

Activity 20.7.2 – Combination graphs: Graphing two types of data on one chart
It is often helpful to plot two different types of data on the same graph.  For example, a climograph (figure 20.24F) is a single graph that charts both the average temperature and precipitation for a given locale throughout the course of the year, using separate axes for each variable.  As shown in figure 20.24F, the line graph represents temperature, while the bar chart represents precipitation.  The horizontal axis represents the months of the year. The climograph not only shows average temperatures for each month, but also illustrates seasonal variations in temperature over the course of the year.  Likewise, the climograph reveals monthly precipitation and seasonal variations in precipitation. Combination graphs, like the climograph, must have the same independent variable (x-axis), but can have different dependent variables (y-axes).  Note that the axis on the left is precipitation, measured in millimeters of rainfall, while the axis on the right is temperature, measured in degrees Celsius.

(1) Analyzing climates with climographs. Compare the climographs for Quito’s, Peru, and Barrow, Alaska.  The graphs look very different with respect to temperature and rainfall, indicating that these are very different climates.  The temperature graph for Iquitos is linear and flat, indicating little or no variation in temperature during the course of the year.   By contrast, the temperature graph for Barrow appears like a sine wave, with a maximum in June, July and August, and a minimum in December, January and February.  From this we can conclude that Barrow is in the northern hemisphere (a city in the southern hemisphere would have maximum temperatures during December, January and February).  Although the summer months are much warmer than the winter months in Barrow, they are still very cool, indicating that this city must be located very far north.  Indeed, Barrow is on the northern coast of Alaska (Figure 20.24C). The climate in Barrow is cold and dry.  It is so cold, however, that water rarely evaporates from the soil, leaving the soils wet and often frozen, a characteristic of arctic tundra.  By contrast, the climate in Iquitos is warm and wet, indicating it will support a large amount of vegetation, and indeed it is found in the tropical rainforests of Peru. Analyze the climographs in figure 20.25 to answer the following questions.  

(a) Which city has the most equable (constant) climate?  Explain.

(b) Which city has what most people would consider the most comfortable climate?

(c) Chicago and New York have approximately the same climographs, except that Chicago’s winter is colder.  Why might this be?

(d) Which of these cities is located in a hot desert?

(e) Which city is in the Southern Hemisphere?

(f) Which of these cities is located in tropical rainforest?

(g) Which of two of these cities have a Mediterranean climate, characterized by mild winters and warm, dry summers?

(h) Which city would experience monsoon type rains (heavy, summer rains)?

(i) Which city has the coldest, driest summers?

(j) Which of the following cities has the most annual rainfall, Chicago, New York, Dallas, or Miami?

(k) Which of the following has more summer rainfall, Denver, Los Angeles, or Seattle?

(l) Which city has a climate most similar to Chicago?

(m) Which of the following cities would be best suited for outdoor ice skating rinks: Chicago, New York, Dallas or Miami?

(n) Which has more winter rainfall, Mangalore, India, or Seattle, Washington?

(o) Which city has two “wet” seasons?

(2) Biome/Climograph posters - Perform an Internet image search to find photographs of the biome in which each city is located.  Make posters for the bulletin board that include photos of the natural vegetation of the biome, correlated with climographs and written descriptions (figure 20.26). 

(3) Create a climograph for a city close to you.  Collect average rainfall and temperature data for a city near you using an online almanac, NOAA (National Oceanic and Atmospheric Administration) website, or similar resource [sciencesourcebook.com, worldclimate.com, www.noaa.gov or search world climate].  Plot monthly precipitation using columns and monthly temperature using a line graph.  Alternatively, you can use the data for Dallas, TX shown in figure 20.24E.  Describe the climate you have plotted.

(4) How does species diversity and biomass change with elevation?  Figure 20.27A contains hypothetical data one might find in the mountains of the western United States.  Species diversity is measured as the average number of animal and plant species found within a one-hectare (10,000 square-meter) plot of land.   Average biomass refers to the average mass of all of the organisms in the same plot.  Generate a combination graph that plots species diversity on the left axis, and biomass on the right axis.  Your graph should look like figure 20.27B

Activity 20.7.3 – Semi-logarithmic plots: Plotting wide range data
Some data is difficult to plot because of an extremely wide data range.  Figure 20.28
 shows such data for the distribution of earthquakes by magnitude.  Note that in an average year, there are more than 100,000 earthquakes worldwide between magnitude 3 and 4, and only 2 greater than magnitude 8.  If the data is plotted on a simple linear scale (figure 20.28A), the number of larger earthquakes is virtually invisible because the number of small earthquakes dwarfs it.  Even though massive earthquakes are much more important, they do not appear due to the scale of the graph. If, however, the data is plotted on a semi-logarithmic graph (figure 20.28B) one can clearly read the number of earthquakes of any magnitude.  The graph is referred to as a semi-logarithmic (semi-log) plot because the y-axis is logarithmic, while the x-axis is linear.  A logarithmic scale is constructed so that the data is plotted in powers of ten to yield a maximum range while maintaining resolution at the low end of the scale. Semi-logarithmic plots are also useful when demonstrating exponential relationships.  Figure 20.29 shows the growth of a colony of bacteria as a function of time, where t represents the time interval, and Pt represents the size of the population at that any given time, t.  When the data is plotted on a standard linear scale, a curve is drawn as shown in figure 20.29A. This is a classic exponential growth curve.  If the data is plotted on a semi-logarithmic graph (figure 20.29B), it plots as a straight line.  Straight lines on semi-log plots indicate an exponential relationship.  In this case the relationship is: 
[image: image1.wmf]  where r is the growth rate, defined as 
[image: image2.wmf].  

(1) Do radioactive elements decay in an exponential manner?  Data in table 20.6 shows the mass of strontium-90, a radioactive isotope with a half-life of 28 years.  Strontium-90 is one of the isotopes that may accompany a nuclear accident, and is potentially hazardous, not only because it is radioactive, but also because it mimics calcium and accumulates in bone.  Graph the data in table 20.6, first with a linear scale, then as a semi-log graph.  If the line becomes straight when plotted on a semi-log graph, the relationship is exponential.  Does strontium-90 experience exponential decay?

	Table 20.6  Strontium-90

	time (y)
	Sr 90 (g)

	0
	100

	25
	50

	50
	25

	75
	12.5

	100
	6.25

	125
	3.125

	150
	1.5625

	175
	0.78125


20.8 Statistics

In 1989, two researchers announced that they had achieved nuclear fusion with a simple apparatus at room temperature.  Fusion, the process in which two atomic nuclei combine to form a larger nucleus, has been touted as the answer to the world’s energy problems, but it has only been achieved in high temperature, high energy environments.  The announcement of “cold fusion” was of interest to scientists and energy planners worldwide, but unfortunately, no one was ever able to replicate the researchers purported findings.  Although the researchers may have been earnest in their report, they did not have any independent confirmation of their work.  A sample size of one is not sufficient to prove anything in science, and the researchers should not have presented their findings to the media without sufficient verification from repeated experimentation.

Scientific research relies on independent confirmation and statistics, the branch of mathematics that deals with the analysis and interpretation of numerical data.    The school science laboratory is an excellent place to employ statistics because many students and lab groups may collect data on the same experiment.  Rather than relying on one data point from one group, it is better to take the mean of all groups.  An average (or mean) is perhaps the most common statistical measure, but there are others that can also assist scientists in their interpretation of data.  Spreadsheet programs provide tools to perform many statistical tests, but we shall focus on those most commonly used in science, namely basic descriptive measures (percent, per capita, mean, median, mode, maximum, minimum) and curve fitting.  

Activity 20.8.1 – Descriptive statistics: Making sense of the data
In 1952, a sulfur-laden smog covered London, England, leading to the deaths of approximately 4000 people.  In 1963 an air pollution inversion occurred in New York City, leading to 168 deaths.  Shocking tragedies such as these lead to the passage of the Air Quality Control Act in the United States, and similar measures in other parts of the world.  Since the passage of this landmark act in 1967, agencies have been commissioned to measure pollution and set standards.  

Figure 20.30
 shows the number of “unhealthful air” days per year in some of the major cities in America in 1999. To determine the percentage of days that are considered to have “unhealthful air”, divide the number of unhealthy days by 365 days per year and convert to percent.  Once the formula has been entered in the top cell, it can be copied to the remaining cells. When you have completed this calculation, determine the average  (=AVERAGE(first cell: last cell)) and median (=MEDIAN(first cell: last cell))  number of unhealthful days for the cities listed.  Finally, determine the city with the largest number of unhealthful days (=MAX(first cell: last cell)) and the city with the least (=MIN(first cell: last cell)).

Activity 20.8.2 – Trendlines: Discovering relationships in the data
A trendline is a best-fit line through a series of data points.  A trendline can be a linear, exponential, power, logarithmic, or polynomial function. Trendlines help researchers visualize relationships.  The best trendline is the one that best fits the data.

(1) Motion  – Table 20.7A lists time and distance data for an accelerating automobile. Graph this data and determine the best trendline. Try all types to see which fits the data best. 

(2) Pendulums – In 1656, Christian Huygens, a Dutch scientist, invented the first pendulum clock.  What formulas govern the movement of pendulums?  Plot the experimental data from table 20.7B and determine the best trendline.  Is the relationship linear, exponential, power, logarithmic, or polynomial .  What is the basic equation of the pendulum? 

	Table 20.7 Plot this data and determine the best trendline

	(A) Car Motion Data
	
	(B) Pendulum Data 

	Time (s)
	Distance (m)
	
	Length (m)
	Period (s)

	1
	4.9
	
	1
	2.01

	2
	20
	
	2
	2.84

	3
	50
	
	3
	3.48

	4
	57
	
	4
	4.01

	5
	135
	
	5
	4.49

	6
	176
	
	6
	4.92

	7
	280
	
	7
	5.31

	8
	290
	
	8
	5.68

	9
	420
	
	9
	6.02

	10
	515
	
	10
	6.35


Answers

20.1.1 (A) Newtons' 2nd law =C3*C4, (B) ideal gas law =(C8*C9*C10)/C11, (C) accelerated motion =(C14*C16)+1/2*(C15*C16^2), (D) resistors in series =C19+C20+C21, (E) intensity of sound =10*LOG10(C25/C26), (F) experimental data =AVERAGE(C30:C32)  or =AVERAGE(C30,C31,C32) or =SUM(C30:C32)/3.

20.1.2 (1) The speed of the fastest human is nearly 2200 times that of a snail. (2) The speed of the fastest human is approximately three percent the speed of sound.  See figure 20.31.

20.1.3 The spreadsheet should contain formulas that are the product of the value in liters times the appropriate volume conversion factor from figure 20.2, or the value in meters times the appropriate length conversion factor. 

20.1.4  Students should complete the spreadsheet formulas and determine that Company-X contributes more to global warming. 

20.2.1 This should be done outdoors, in the hallway, or wherever there is a sufficient clear area to walk.  (A) Constant velocity (same as I);  (B) Constant velocity for first third, then pause for the second third before proceeding at the initial rate.  (C) Walking forward a given distance and then walking back to the starting point at the same speed.  (D) Walking forward at constant speed, then taking a few steps back at the same rate before pausing, then proceeding forward at the initial rate.  (E) Forward, pause; forward, pause; forward pause; as in the gait of bridesmaids at a wedding.  (F)  Forward at a constant speed, then reversing at the same speed for twice as long before returning to the original speed.  (G) Constant acceleration (same as K and M).  (H) Forward at a gradually increasing rate, then slowing down at a gradually decreasing rate.  (I) Constant velocity (same as A).  Students will need to walk at a constant rate before crossing the zero point.  (J) Constant velocity, then deceleration to zero followed by acceleration until the original velocity is resumed.  Students must start walking before the zero point to achieve the initial velocity. (K) Constant acceleration (same as G and M).  (L) Constant acceleration followed by constant velocity and then constant deceleration.  (M) Constant acceleration (same as K and G).  (N)  Constantly increasing acceleration.  (O).  Constantly increasing acceleration followed by constantly decreasing acceleration.  (P).  Constant acceleration followed by decreasing acceleration and then no acceleration.  

20.3.1 (1) C, (2) D, (3) C,  (4) A 

20.3.2  The following are sample stories that match the data.  Student answers may vary.  (A)  This was a strong runner.  He finished in the least amount of time, and had sufficient energy to accelerate during the last portion of the race.  (B)  This runner was a “jack-rabbit”.  He started out extremely fast, but ran out of energy and gave up two-thirds of the way through the race.  (C)  This runner started at a moderate pace, but had to take a break, after which time he got his “second wind” and went on to finish the race, running fast at the end.  (D)  This runner started off extremely slowly, gave up, and turned around.  (E)  A child jumps in the pool, leaves the pool, returns, and then leaves again.  (F) The pool has sprung a leak.  (G) The pool is filled with water from a hose, after which one child enters, followed by a second and a third.  They all leave the pool at the same time.  (H) The pool is filled by a hose, after which a child jumps in the pool, gets out, and drains the pool.  

20.3.3  The independent variable should be plotted on the x-axis and the dependent variable on the y-axis. Student graphs may vary in appearance, but should have the following axes (x-independent, y-dependent): (1) independent variable: time;  dependent variable: height above floor; (2) independent variable: time;  dependent variable: height; (3) independent variable: time;  dependent variable: amount of money; (4) independent variable: time;  dependent variable: temperature; (5) independent variable: time;  dependent variable: distance; (6) independent variable: time;  dependent variable: height of grass; (7) independent variable: time;  dependent variable: amount of uranium-238; (8) independent variable: time;  dependent variable: frequency; (9) independent variable: time;  dependent variable: speed; (10) independent variable: time;  dependent variable: population.

20.4.1 (1) Students should produce a graph such as figure 20.32 showing that ozone is highest during the afternoon and lowest at night, regardless of location.  Ozone pollution is greatest in the valleys, and least in the mountains. (2) Students will produce graphs similar to 20.11B and comment on fluctuations in air quality.  Ozone is an element of photochemical smog, and as such is highest at mid-day. (3) Students should produce a graph similar to figure 20.33A.  Brain size is somewhat proportional to body size, but humans have a disproportionately large brain relative to their body size and are above the trendline. (4) Students should produce a graph similar to figure 20.33B.  The Sun is a main sequence star.  (5) Sunspot frequency varies over an approximately 11-year cycle (see figure 20.34).

20.4.2 (1) Boiling point is a periodic or repeating property as shown in figure 20.35A.  Members of the carbon family (group 6; elements 6, 14) have the highest boiling points while the Noble gases (group 8; elements 2, 10, 18) have the lowest boiling points. (2) Melting point is a periodic property (figure 20.35B).  Members of the carbon family (group 6; elements 6, 14) have the highest melting points and the Noble gases (group 8; elements 2, 10, 18) have the lowest. (3) Atomic mass is not a periodic property.  The mass increases as the atomic number increases, with no repeating (periodic) patterns (figure 20.35C). (4) First ionization energy is a periodic property (figure 20.35D). The Noble gases (group 8; elements 2, 10, 18) have the highest ionization energies, and the alkali metals (group 1; elements 3, 11, 19) have the lowest. (5) Electron affinity is a periodic property (figure 20.35E).  Members of the halogens (group 7; elements 9, 17) have the highest electron affinities.  Members of the calcium family (group 2; elements 4, 12) have the lowest electron affinities. (6) Life expectancy (figure 20.36A) increased continuously from 1900 to 2000 due largely to better medicine, housing, and other technological factors. (7) Tuberculosis was a major killer in 1900, but was almost extinct by 2000 due to improvements in antibiotics and public health (figure 20.36B).  As people lived longer they were more prone to suffer symptoms associated with aging such as cardiovascular disease.  Advances in medicine, nutrition, and surgery reduced the rate of cardiovascular disease  in the second half of the twentieth century, and the population continued to live  even longer so that they were now more likely to develop cancer due to lengthy exposure to radiation, carcinogenic chemicals, and other environmental and biological factors. (8) Students will add the other three groups to the spreadsheet.

20.5.1 (1) The population profile of Germany closely resembles that of the United States.  Like other developed nations, Germany has a low birth rate and high life expectancy.  By contrast, developing nations generally have younger profiles due to a higher birth rate and lower life expectancy.  Students will graph a population profile of Germany.  (2) Students should produce a graph showing that the wolf population experienced relatively constant growth, and spread to other parts of the park.

20.5.2 (1) See stacked column of market share for rechargeable batteries, figure 20.37A.

20.5.3 (1) Students provide a Pareto graph  (similar to figure 20.17A) of seawater.  (2) Students provide a Pareto graph showing the greatest number of threatened and endangered species in California and Hawaii.  California is a very large and geographically diverse state with a large number of species.  One would expect more endangered species in California simply because it has such a large number of species to begin with. Habitat destruction is the leading cause of extinction. Both California and Florida are experiencing rapid population growth.  The development of farms and cities destroys natural habitats and may lead to extinction.

20.5.4 (1-4) Students develop bar graphs such as figure 20.18A.  The elemental composition of the human body shows more similarity to the oceans. 
20.5.5 (1)  See figure 20.37B. Types B and AB are absent in the Navajo population. Koreans have the broadest distribution of blood types.  Kenyans have the lowest percentage of type A blood.

20.6.1 (1) Students will develop pie charts resembling figure 20.20B.  Communicable diseases (AIDS, tuberculosis, and measles) are much more common causes of death in developing countries, while diseases associated with aging (heart disease, stroke, and cancer) are more common causes of death in developed countries.  Health standards are higher in developed countries, reducing communicable diseases and allowing people to live to the age where diseases associated with aging become a greater issue.  (2) Students will develop pie charts for area coverage and productivity (figure 20.21B).  Tropical rainforests, while occupying 4% of the Earth's surface, account for 27% of the world's productivity.  Destruction of the world's tropical forests leads to a dramatic reduction in biomass production, and an increase in carbon dioxide, a primary greenhouse gas which contributes to global climate change (3) Students develop a pie chart of energy consumption by energy source.  About 85% comes from fossil fuels, and about 8% from renewable sources.

20.6.2 (1) See figure 20.38. (2) Students generate an area graph for satellite launches.

20.7.1 (1)  Students develop temperature plots for Denver and San Francisco and find that Denver has a continental climate with great seasonal temperature variations, while San Francisco has an equable, maritime climate.  

20.7.2 (1) (a) Iquitos, Peru.  The average temperature in Iquitos is very constant as illustrated by the straight temperature graph.  The rainfall does vary from season to season, but is relatively heavy each month. (b) Los Angeles, CA.  The average temperature varies little from month to month, averaging about 18° C.  Room temperature is 22° C (72F).  (c) Chicago is inland while New York is on the coast.  Water has a very high specific heat (it is difficult to change the temperature of water), and therefore it is difficult to change the temperature of oceans and the environments that border them. (d) Tindouf, Algeria.  The precipitation shows only trace amounts of rain in a few months of the year. (e) Perth, Australia.  Note that the temperature curve is inverted from the others, with the warmest months in the period from May through September. (f) Iquitos, Peru.  It has a warm (averaging 26° C) and wet (2880 mm rain annually)  (g) Los Angeles, CA and Perth, Australia.  Note that Perth is in the Southern Hemisphere and therefore the winter months are opposite those in the Northern Hemisphere.  (h) Mangalore, India.  (i) Barrow, Alaska  (j) Miami (1285 mm), (k) Denver, (l) New York.  The climographs are very similar, although Chicago has colder winters. (m) Chicago.  It has the coldest winters. (n) Seattle, (o) Dallas.  There are two spikes on the precipitation graph. (2) Students will make biome posters as shown in figure 20.26. (3) Students will generate a climograph for their city in the format shown in figure 20.24F.  (4) Students should replicate figure 20.27B, a combination graph that plots species diversity and biomass as a function of elevation. 

20.7.3 (1) Figure 20.39A plots radioactive decay on a linear scale, and figure 20.39B on a logarithmic scale (semi-log plot).  Strontium-90 experiences exponential decay, as indicated by the straight line when plotted on a logarithmic scale.

20.8.1 (1) The following statistics are for the cities listed. Average unhealthful days/year: 34 (9%).  Median number of unhealthful days/year: 29 (8%).  Maximum number of unhealthful days/year: 93 (25%) in Riverside, California.  Minimum number of unhealthful days/year:  5 (1%) Boston, Massachusetts.

20.8.2 (1) Figure 20.40A is a plot of distance vs. time for an accelerating automobile.  The best-fit line is a squared function (power), y=4.8 x2.  (2) The relationship of period to length in a pendulum is shown in figure 20.40B.  The best-fit line is a square root function (power) with an equation y=2x.5.  The full equation for the period of a pendulum is T=2π(L/g)0.5, where L is the length of the pendulum, and g is the acceleration due to gravity (9.8 m/s2).
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