














Calculators display a limited number of decimal 
places, so numbers with many decimal places must be 
entered in exponential notation. The calculators on 
many "smart phones" will display many decimal places 
when held horizontally. But if you turn the phone to 
a vertical position (with less space to display decimal 
places), then the phone will automatically change the 
number to exponential notion. Smart phones and most 
calculators use an " E  to signify the exponent, so one 
billion would be displayed as something like "le+9" 
(representing 1 X lo9). 

The International System of Units (SI) is the modern 
version of the metric system and is based on powers of 
ten. See page xi at the front of this manual to learn more 
about it and how scientific notation is used to express large 
metric units. 

Linear Measurements and Conversions 
You must be able to use a metric ruler to make exact 
measurements of length (how long something is). This 
is called linear measurement. Most rulers in the United 
States are graduated in English units of length (inches) 
on one side and metric units of length (centimeters) on 
the other. For example, notice that one side of the ruler 
in F I G U R E  I ,8A is gaduated in numbered inches, and each 
inch is subdivided into eighths and sixteenths. The other 
side of the ruler is graduated in numbered centimeters 
(hundredths of a meter), and each centimeter is subdivided 
into ten millimeters. The ruler provided for you in 
GeoTools Sheets 1 and 2 at the back of this manual are 
graduated in exactly the same way. 

Review the examples of linear metric measurement 
in F I G U R E  1.8A to be sure that you understand how to 
make exact metric measurements. Note that the length of 
an object may not coincide with a specific centimeter or 
millimeter mark on the ruler, so you may have to estimate 
the fraction of a unit as exactly as you can. The length of 
the red rectangle in F I G U R E  I .8A is between graduation 
marks for 106 and 107 millimeters (mm), so the most 
exact measurement of this length is 106.5 mm. Also be 
sure that you measure lengths starting from the zero point 
on the ruler and notfiom the end of the ruler. 

There will be times when you will need to convert 
a measurement from one unit of measure to another. 
This can be done with the aid of the mathematical 
conversions chart on page xii at the front of the manual. 
For example, to convert millimeters (mm) to meters (m), 
divide the measurement in mm by 1000 (because there 
are 1000 millimeters per meter): 

Thus, 106.5 millimeters is the same as 0.1065 meters. 

Unit Conversion-The Math \rsu Meed 
You can learn more about unit conversion 
(including practice problems) at this site 
featuring The Math You Need, When 
You Need It math tutorials for students in 
introductory geoscience courses: http://serc. 
carleton.edu/mathyouneed/units/index.html 

Area and Volume 
An area is a two-dimensional space, such as the surface 
of a table. The long dimension is the length, and the 
short dimension is the width. If the area is square or 
rectangular, then the size of the area is the product of its 
length multiplied times its width. For example, the blue 
rectangular area in F ~ G U R E  I .8A is 7.3 cm long and 3.8 cm 
wide. So the size of the area is 7.3 cm X 3.8 cm, which 
equals 27.7 cm2. This is called 27.7 square centimeters. 
Using this same method, the yellow front of the box in 
F I G U R E  1,8B has an area of 9.0 cm X 4.0 cm, which equals 
36.0 cm2. The green side of this same box has an area of 
4.0 cm X 4.0 cm, which equals 16.0 cm2. 

Three-dimensional objects are said to occupy a 
volume of space. Box shaped objects have linear volume 
because they take up three linear dimensions of space: 
their length (longest dimension), width (or depth), and 
height (or thickness). So the volume of a box shaped 
object is the product of its length, width, and height. For 
example, the box in FIGURE 1.813 has a length of 9.0 cm, 
a width of 4.0 cm, and a height of 4.0 cm. Its volume is 
9.0 cm X 4.0 cm X 4.0 cm, which equals 144 cm3. This 
is read as "144 cubic centimeters." 

Most natural materials such as rocks do not have 
linear dimensions, so their volumes cannot be calculated 
from linear measurements. However, the volumes of these 
odd-shaped materials can be determined by measuring 
the volume of water they displace. This is often done in 
the laboratory with a~aduated cylinder (FIGURE I .BC), 

an instrument used to measure volumes of fluid (fluid 
volume). Most graduated cylinders are graduated in metric 
units called milliliters (mL or ml), which are thousandths 
of a liter. You should also note that 1 mL offluid volume is 
exactly the same as 1 cm3 of linear volume. 

When you pour water into a graduated cylinder, the 
surface of the liquid is usually a curved meniscus, and the 
volume is read at the bottom of the curve (F~GURE I .ac: 
middle and left-hand examples). In some plastic graduated 
cylinders, however, there is no meniscus. The water level is 
flat ( F I G U R E  1 .&c: right-hand example). 

If you drop a rock into a gaduated cylinder full of 
water, then it takes up space previously occupied by water at 
the bottom of the graduated cylinder. This displaced water 
has nowhere to go except higher into the !graduated cylinder. 
Therefore, the volume of an object such as a rock is exactly 
the same as the volume of fluid (water) that it displaces. 
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The water displacement procedure for determining 
the volume of a rock is illustrated in FIGURE 1 .9. First place 
water in the bottom of a graduated cylinder. Choose a 
gaduated cylinder into which the rock will fit easily, and 
add enough water to be able to totally immerse the rock. It 
is also helpful to use a dropper or wash bottle to raise the 
volume of water (before adding the rock) up to an exact 
!graduation mark (5.0 mL mark in FIGURE 1.9~).  Record 
this starting volume of water. Then carefully slide the rock 
sample down into the same graduated cylinder and record 
this ending level of the water (7.8 mL mark in FIGURE 1 .9~) .  
Subtract the starting volume of water from the ending 
volume of water, to obtain the displaced volume of water 
(2.8 mL, which is the same as 2.8 cm3). This volume of 
displaced water is also the volume of the rock sample. 

Mass 
Earth materials do not just take up space (volume). They 
also have a mass of atoms that can be weighed. You will 
use a gram balance to measure the mass of materials 
(by determining their weight under the pull of Earth's 
gravity). The gram (g) is the basic unit of mass in the 
metric system, but instruments used to measure grams 
vary from triple-beam balances to spring scales to digital 
balances (see page xiii at the front of the manual). Consult 
with your laboratory instructor or other students to be 
sure that you understand how to read the gram balance 
provided in your laboratory. 

Determining Rates 
Geologists make many comparisons. You may find 
yourself comparing similar hnds of objects (a so-called 
apples-to-apples comparison) in one case, but different 
kinds of objects in another case (a so-called apples-to- 
oranges comparison). The same is true when comparing 
measurements of things (quantitative data). You may 
find yourself recording one kind of data in one unit of 
measure, but a secondkind of data in another unit of 
measure. If the two measures are of the same class, such 
as two lengths or two masses, then you can simplify your 
comparison (from apples-to-oranges to apples-to-apples) 
by converting the different units of measure to one kind 
of unit. For example, if one distance is measured in 
miles and another in kilometers (an apples-to-oranges 
comparison), then simply convert the miles measurement 
to kilometers so both distances are in kilometers (and make 
a simpler apples-to-apples comparison). Conversion tables 
are provided on page xii at the front of the manual for 
this purpose. 

What if you want to compare measures of different 
classes, such as how long objects are (units of length) 
compared to their mass (units of weight)? You are "stuck" 
with an apples-to-oranges comparison, so you must 
determine a rate. Rate is a mathematical expression of 
how much an amount determined in one unit of measure 
varies "per" (divided by) an amount determined in a 
different unit of measure. 

WATER DISPLACEMENT METHOD 
FOR DETERMINING VOLUME 

OF A ROCK SAMPLE 

A. Starting volume B. Ending volume 
of water of water 

PROCEDURES 

A. Place water in the bottom of a graduated 
cylinder. Add enough water to be able to totally 
immerse the rock sample. It is also helpful to 
use a dropper bottle or wash bottle and bring 
the volume of water (before adding the rock 
sample) up to an exact graduation mark like the 
5.0 mL mark above. Record this starting volume 
of water. 

B. Carefully slide the rock sample down into the 
same graduated cylinder, and record the ending 
volume of the water (7.8 mL in the above 
example). 

C. Subtract the starting volume of water from 
the ending volume of water to obtain the 
displaced volume of water. In the above 
example: 7.8 mL - 5.0 mL = 2.8 mL (2.8 mL is 
the same as 2.8 cm3). This volume of displaced 
water is the volume of the rock sample. 

FIGURE 1.9 Procedure for determining volume of a rock 
sample by water displacement. 



Rates Involving f ime Graphing Relationships 
The most common kind of rate is an expression of how Graphs are useful for visualizing relationships in your 
something changes per unit of time, such as miles per data. So before you can make a graph, you need a set 
hour. For example, if you drive 100 miles in 2 hours, then data. Data makes more sense if you it into a 
your rate of travel is 100 miles + 2 hours, or 50 miles per chart. If you use Excel", then your chart of data is called a 
hour (50 milh or 50 MPH). spreadsheet. When organizing data, scientists normally have 

ap Knowing the rate of change per unit of time enables a column of data representing an independent variable. 

you to (calculate) how much change will occur The independent variable is what you control, to see how 

by a future time. For example, if your rate of travel is it affects the dependent variable. The dependent variable is 

50 milh, then how far will you travel in four hours? the variable being tested for, so you do not know what the 
values will be until you do an experiment. As you change 

50mi 4 h  the independent variable, you do a test or experiment 
X - = 200 mi to observe and record the dependent variable data. For 

m Knowing the rate of change per unit of time also 
enables you to predict (calculate) how long it will take 
for a given amount of change to occur. If your rate of 
travel is 50 milh, then how far will it take you to travel 
400 miles? 

Calculating Rates-The Math You Need 
You can learn more about calculating rates 
(including practice problems) at this site 
featuring The Math You Need, When You 
Need It math tutorials for students in 
introductory geoscience courses: http:// 
serc.carleton.edu/mathyouneed/rates/ 
index.htm1 

Density: Mass per Volume 
Every material has a mass that can be weighed and 
a volzlme of space that i t  occupies. However, the 
relationship between a material's mass and volume 
tends to vary from one kind of material to another. 
For example, a bucket of rocks has much greater mass 
than an equal-sized bucket of air. Therefore a useful 
way to describe an object is to determine its mass per 
unit of volume, which is a rate called density. Per 
refers to division (as in miles per hour). So, density 
is a measure (rate) of an object's mass divided by its 
volume (density = mass + volume). Scientists and 
mathematicians use the Greek character rho (p) to 
represent density. Also, the gram (g) is the basic metric 
unit of mass, and the cubic centimeter is the basic 
unit of metric volume (cm3), so density (p) is usually 
expressed in grams per cubic centimeter (g/cm3). 

Calculating Density-The Math You Need 
You can learn more about calculating den- 
sity (including practice problems) at this 
site featuring The Math You Need, When 
You Need It math tutorials for students in 
introductory geoscience courses: http:// 
serc.carleton.edu/mathyouneed/density/ 
index.htm1 

example, if you want to characterize how fast a plant grows, 
then you may decide to measure its height every week (time 
here being the independent variable). When you measure 
and record the plant's height every week, then you are 
recording the dependent variable data. Geologists often 
want to characterize how something: changes over time, so " a 

time is usually the independent variable. If you ate placing 
your data in an Excel" spreadsheet, then the independent 
variable data are entered in the first column (left-hand 
column, column A). The dependent variable data are 
entered in column B. Once you have an organized chart of 
data, then you can use it to construct a graph. 

X-Y graphs are graphs with two axes, a horizontal 
X-axis and a vertical Y-axis. Scientists universally plot the 
independent variable along the X-axis and the dependent 
variable on the Y-axis. In Excel'", X-Y graphs are called 
scatter graphs or line graphs. 

ma Scatter graphs are X-Y graphs on which points are 
plotted (paced on the graph) but not joined into a line. 
Picture holes in a dart board. They are like the points 
on a scatter plot. By analyzing relationships among the 
points you can determine if they are widely scattered 
(a weak relationship to one another or no relationship at 
all) or closely concentrated (a strong relationship to one 
another). You can also look for patterns in the graph such 
as whether or not the points form one concentration or 
two or three concentrations of related points. 

ar Line graphs are X-Y graphs on which points are 
plotted and joined to form a line. If the points form a 
line that runs from lower left to upper right, then 
there is what is called apositive or direct relationship. 
This means that as the values of X (independent 
variable) increase, so do the values of Y. If the points 
form a line that runs from upper left to lower right, 
then there is what is called a negative or inverse 
relationship. This means that as the values of X 
(independent variable) increase, so do the values of Y. 
In both cases just described, the closer the points are 
to the line, the stronger is the relationship. Also, some 
line graphs compare two kinds of dependent variables 
to the independent variable. For example, you may 
want to know how plant height and number of leaves 
vary over the same time intervals. By plotting the data 
(two sets of dependent variable data) against the time 
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1.4 Measuring and Determining Relationships 

Name: CourseISection: Date: 

A. Make the following unit conversions using the Mathematical Conversions chart on page xii. ' 1 

2. 1 f t =  m 4. 25 m =  cm 6. 1.3 liters = cm3 

B. Write these numbers using scientific notation 

1. 6,555,000,000 = 2. 0.000001234 = 

C. Using a ruler, draw a line segment that has a length of exactly 1 cm (1 centimeter). A line 
occupies only one dimension of space, so a line that is I cm long is 1 cml. 

D. Using a ruler, draw a square area that has a length of exactly 1 cm and a width of exactly 
1 cm. An area occupies two dimensions of space, so a square that is 1 cm long and 1 cm 
wideis 1 cm2 ofarea ( 1  cm X 1 cm = I cm2). 

E. Using a ruler, draw a cube that has a length of 1 cm, width of 1 cm, and height of 1 cm. 
This cube made of centimeters occupies three dimensions of space, so it is 1 cm3 
(I cubic centimeter) of volume. 

F. Explain how you could use a small graduated cylinder and a gram balance to determine the density of water ( p,,,,) in s 

g/cm3. Then use your procedures to calculate the density of water as exactly as you can. Show your data and calculations. 1 

G. Obtain a small lump of clay (grease-based modeling clay) and determine its density (pClay) in g/cm3. There is more than one 
way to do this, so develop and apply a procedure that makes the most sense to you. Explain the procedure that you use, show 't 
your data, and show your calculations. 

H. Reconsider your answers to items F and G and the fact that modeling clay sinks in water. 

1. Why does modeling clay sink in water? 

2. What could you do to a lump of modeling clay to get it to float in water? Try your hypothesis and experiment until you 
get the clay to float. 

I. REFLEC"I" DISCUSS How is the distribution of Earth's spheres related to their relative densities? Why? 



1. Some geologists infer that Grand Canyon in Arizona is about 6 million 
years old. Its greatest depth is 1.6 krn. 

a. At what rate (in mmlyear) is the canyon being cut into the geosphere? 
Show your work, and give your final answer in scientific notation 

lifetime? Show your work. 

RATES: 

b. Based on the rate of canyon cutting that you just calculated above, 
how many millimeters has the Grand Canyon deepened during your 

2. The geosphere is energized mostly by geothermal heat (heat originating 
in Earth's core). Therefore, it is much hotter deep inside Earth than it is 
near the surface. The geothermal gradient is the rate of temperature increase 
with depth from Earth's surface. The deepest mine on Earth is located on the 

African continent (Carletonville, South Africa: FIGURE 1.5). It is 3.9 krn deep, 
and rocks at that depth are 60°C. Assuming that rocks at the surface of the 
mine are O°C, what is the geothermal gradient at the mine? Show your work. 

K. SINGLE-LINE GRAPH: The amount of C 0 2  in the atmosphere has been monitored at Mauna Loa Observatory, Hawaii 
since 1959. Below is a chart of NOAA (U.S. National Oceanic and Atmospheric Administration) data from the observatory 
showing how the concentration of C 0 2  in ppmv (parts per million volume) has changed per decade since 1962. Plot the data 
onto the graph as neatly and perfectly as possible, then draw a best fit line through the points. 

C02 250 

in ppmv ~ 

Year 

1. What does the graph show? 

2. What are two ways you can tell from the graph that the concentration of C 0 2  has increased since 1962? 



-_XI---- - _I--------.-.---.----p 

CO, Average IncreaseNear (ppmv) 

M. TWO-LINE GRAPH: Two-line graph of data obtained by analysis of a core of ice from Vostok Station, Antarctica (from 
NOAA: U.S. National Oceanic and Atmospheric Administration). Blue line shows how temperature at Vonok has changed 
in degrees Celsius from present (0 is the present temperature). Red line shows how the concentration of carbon dioxide 
(in ppmv: parts per million volume) has changed at Vostok over the same interval of time. 

I Age (years before present) I 
1. What relationship between temperature and carbon dioxide concentration is revealed by this graph? % I  

N. REFLECT & DiSCllSS What do you predict will happen to EartKs atmospheric temperature in the future? How do the 
graphs above (Parts K, L, and M) help you to answer this question? 




