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Lab 3: Fun With Numbers, or  
Empowerment through Approximations 

ESS 203 
22-24 January 2008 

 
This lab will serve as an introduction to and review of some general concepts used in many 
sciences.  The lab is broken up into three sections: exponential notation, units and estimation 
exercises.  For many of these problems, you have not been provided all of the information you 
need.  In such cases, you must make some reasonable assumption or guess and be able to defend 
your choice. 
 
The main goal of this lab is to show you how simple algebra and a few order-of-magnitude 
numbers can help you answer questions that you may have about the world around you.  This 
also helps you evaluate how reasonable an answer to a question may be.  If someone asked you 
how many jellybeans were in a typical cookie jar, you could take one of two approaches: (1) You 
could simply guess a number, or (2) you could estimate the number based on your knowledge of 
the volumes of the jellybean and the cookie jar.  In choosing the latter approach, our aim here is 
not to frustrate you, but rather to help you to gain confidence in your ability to use numbers to 
help you make better decisions. 
 
In the earth sciences, we often aim for a Òbig pictureÓ understanding as to how our planet works.  
A consequence of this approach is that we are often not too concerned with minor details of an 
individual problem.  For example, if we wanted to calculate the volume of all the fresh water on 
the planet, we wouldn't worry about that pond in your backyard.  One or two significant figures 
are often adequate for a satisfactory answer.  Keep this goal in mind while you are completing 
these exercises because it will help you to complete them more quickly and less stressfully! 
When doing an estimation problem, you must also be willing to disregard all the digits that a 
calculator gives you beyond the first one or two digits.   The rest of those digits on the display 
make a negligible difference in your answer when all you are looking for is a rough number. 
 
 
1. Exponential Notation 
 
Exponential, or scientific, notation is a shorthand method for keeping track of very large or very 
small numbers.  Often in science, we deal with numbers that would be difficult to manipulate if 
we wrote out all the digits.  Exponential notation also makes operations such as multiplication 
and division much easier.  See the attached handout for a table of large numbers and their 
commonly used names. 
 

987000000000000 = 9.87 !  1014 
 
0.00345 = 3.45 !  10" 3 
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55555676535677889987665544356 # 5.56 !  1028 
(Since it is not likely that all 29 digits are well known, that other numbers in your 
problem are known to similar precision or that anybody actually cares about knowing the 
answer to that precision.)  

 
Most of you probably have been introduced to these ideas at some point in the past, but you may 
have forgotten how to use exponential notation in arithmetic. For that reason, here are a few 
exercises to help refresh your memory. 
 
Addition 
 
To add or subtract numbers in exponential notation, first convert both numbers to the same 
power of 10, then add or subtract the leading coefficients and reduce the answer as appropriate.   
 

3500 + 9200   = 3.5 !  103 + 9.2 !  103 
   = 12.7 !  103  

    = 1.27 !  104 
 

0.000978 + 0.00006 = 9.78 !  10" 4 + 6 !  10" 5 
    = 97.8 !  10" 5 + 6 !  10" 5 
    = 103.8 !  10" 5 

   = 1.038 !  10" 3 
 
!  910000 + 27500  =  
 
 
!  0.0045 - 0.00087 =  
 
 
Multiplication and division 
 
An important strength of exponential notation is how it simplifies multiplication and division of 
very large and very small numbers.  When multiplying numbers using exponential notation, we 
simply multiply the leading numbers and then add the powers of 10.  Similarly, when dividing 
numbers expressed in exponential notation, we divide the leading numbers and subtract the 
powers of 10.  Some products and quotients that would be tedious to write out in longhand are 
instead easily evaluated using exponential notation. 
 

400 !  5000000  = 4 !  102 !  5 x 106 
    = 4 !  5 !  102+6 
    = 20 !  108 
    = 2 !  109 
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3600000 Ö 0.0002  = 3.6 !  106 Ö 2 !  10" 4 
    = 3.6 Ö 2 !  106 "  " 4 
    = 1.8 !  1010 
 
!  1500 !  (50000 Ö 0.003) = 
 
 
 
!  (0.004 Ö 2000) !  (300 !  18000) =  
 
 
2. Units 
 
Units are an important but often overlooked aspect of the sciences.  We often seek a numerical 
answer to a problem, but without knowing the proper units the result might be meaningless.  One 
easy way to convert between units is dimensional analysis.  HereÕs an example of converting a 
speed in kilometers per hour (km/h) into meters per second (m/s): 
 

! 

50
km
h
"

1000 m
km

"
h

3600 s
=13.9

m
s

 

 
The two conversion fractions (1000 meters per kilometer, 1 hour per 3600 seconds) are both 
equivalent to 1.  When you multiply these fractions by the units of kilometers and seconds, 
respectively, the kilometers and hours cancel out you end up with the different units that you 
want, which in this case are meters and seconds. What follows is a short list of basic and derived 
units that we will use in this class.  The Syst•me International dÕUnitŽs (SI) is the set of standard 
units that are most commonly used in the sciences, with some exceptions. 
 
Time 
 
We all have an intuitive understanding of what time is and how it is measured.  In this class, we 
will consider several different periods of time, ranging from seconds to hundreds of thousands of 
years.  The SI unit for time is the second (s) and the other unit that we will often use is the year, 
which is abbreviated either as ÔyrÕ or as ÔaÕ, from the Latin word ÒannumÓ.  When we need to 
indicate thousands of years, we often use the abbreviations ka, where ÔkiloÕ means Ôone 
thousandÕ.  A useful rule of thumb for converting time between seconds and years is: 
 

1 year (a) # $ !  107 seconds (s), where $ # 3.14 
 
Mass and weight 
 
Mass is the intrinsic property of an object that describes its resistance to an acceleration.  The SI 
unit for mass is the kilogram (kg); related units are the gram (g) and milligram (mg).  The weight 
of an object is equal to its mass times the acceleration due to gravity, i.e. weight is the force that 
gravity exerts on the mass.  Since gravity is approximately constant on the EarthÕs surface, we 
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can freely use units such as tons and pounds and convert between those units, which are weights, 
and the kilogram, which is a mass. 
 

1 kilogram (kg) = 1000 grams (g) 
1 g = 1000 milligrams (mg) 
1 kg = 2.205 pounds (lb) on Earth 

  
!  There are several stores around town that sell food in bulk. The other day while at Costco 

I saw a good price on a 5 kg (11 lb) bottle of garlic cloves.  If each clove in the bottle has 
a mass of 2 g, how many cloves are in the bottle?  Why might anyone want this many 
garlic cloves? 

 
 
 
Density 
 
A derived quantity that we will use frequently is density, which is defined as the ratio of the 
mass of an object to the volume that it occupies.  The SI unit for density is kilograms per cubic 
meter (kg/m3) and density is often abbreviated by Greek letter ÔrhoÕ (%). 
 

%water = 1000 kg/m3 = 1 g/cm3 
%ice = 917 kg/m3 = 0.917 g/cm3 
%granite = 2650 kg/m3 = 2.65 g/cm/3 

 
Speed and velocity 
 
Speed is another derived quantity. Speed describes the rate at which an object is moving, or 
change in position per unit time.  Familiar units of speed are miles per hour (mi/h), but the SI 
unit for speed is meters per second (m/s).  A familiar expression of speed is miles per hour, 
although one can use any measure of length over any measure of time and still express the same 
rate of motion. Many speedometers in cars have markings for both miles per hour as well as 
kilometers per hour, although they could just as easily have meters per second.  The definition of 
velocity is slightly different from speed: velocity is a speed with a specified direction of motion.  
Although they donÕt mean the same thing, speed and velocity are often used interchangeably in 
the same way as mass and weight. 
 
 Distance = speed !  time 
 

1 kilometer per hour (km/h) = 0.62 miles per hour (mi/h) 
1 km/h = 0.28 meters per second (m/s) 

 
!  The current mean rate of global sea-level rise is about 2.8 mm/a.  An average tsunami 

might have a run-up on land of about 10 m.  Assuming that the current rate of sea-level 
rise remains constant, how long will it take for sea level to reach the run-up of an average 
tsunami? 
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!  During a storm, a container full of Nike shoes spilled overboard from a cargo ship near 

Kodiak Island, Alaska.  The ocean currents in this region of the Pacific are roughly 0.2 
m/s and travel towards the California coastline.  When did the shoes arrive on the shores 
of California? 

 
 
 
 
Force 
 
Force is another derived quantity. It is generally defined as an influence, such as a push or pull, 
on an object that tends to cause the object to change its velocity.  We use NewtonÕs Second Law 
to calculate force: 
 

Force = mass !  acceleration, or F = m !  a 
 
From NewtonÕs Second Law, it is clear that we need to learn more about acceleration before we 
can understand force.  Changes in the velocity of an object over time are accelerations; in other 
words, acceleration is the rate of change of velocity and the SI unit of acceleration is meters per 
second per second (m/s2) 
 
We can use the concept of acceleration to gain intuition about forces.  The SI unit for force is the 
Newton (N), which can be broken down into units of kg m/s2, following NewtonÕs Second Law.  
For example, suppose that your mass was 50 kg.  Knowing the acceleration due to EarthÕs 
gravity, which is 9.8 m/s2, or approximately 10 m/s2, and knowing NewtonÕs Second Law, you 
could estimate your weight as 500 N.  If you could apply a force equal to your weight towards 
pushing a 10 kg block on a slippery table, its acceleration would be 5 m/s2.  In other words, the 
block would increase its speed by 5 m/s for every second that your body force was applied. 
 
!  What is the magnitude of the force of gravity acting on a 6 oz lead weight?  We've 

brought in some lead weights and rubber bands to help give you a feel for the size of a 
Newton. 

 
 
 
Pressure 
 
Another derived quantity that we will use this quarter is pressure, which is defined as a force per 
unit area that the force is acting upon. The SI unit of pressure is the Pascal (Pa), which can be 
broken down into units of N/m2.  You have encountered many examples of pressure, such as air 
pressure, or the water pressure you feel in your ears when swimming deep below the water 
surface. 
 
In practice, we are often not concerned about the force on some specific area, such as the inside 
of a bicycle tire, but rather with the overburden pressure due to gravity acting upon a fluid 
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medium, such as water, air or ice.  The overburden pressure is the weight of the overlying 
material that presses down on an object at any depth.  We can calculate this pressure (P) from 
NewtonÕs Second Law by multiplying the mass of material resting on a particular area, for 
example, a square meter, by the acceleration due to gravity (g). 
 

P = % !  g !  H 
 

1 Pascal (Pa) = 1 N/m2 
1 atmosphere (atm) = 1.013 !  105 Pa (mean sea-level pressure) 
1 bar = 105 Pa; 1 millibar (mbar) = 102 Pa (millibars are a common unit in weather maps) 
1 pound per square inch (psi)  = 6900 Pa 

 
!  An important pressure in glaciology is the overburden, pressure at the base of a glacier. 

Ogg the caveman died on the surface of a glacier and, as time passed, Ogg became 
progressively buried by snow and ice so that he is now buried at the bottom of the glacier.  
If the glacier is 150 m thick and has a mean density of 900 kg/m3, what is the overburden 
pressure in atmospheres exerted on Ogg at the base of the glacier? 

 
 
 
 
!  A useful measure of hurricane intensity is its lowest recorded sea-level pressure, which 

usually occurs in the eye of the storm.  When atmospheric pressure on the sea surface is 
reduced, it is equivalent to applying suction to the ocean surface there.  The sea surface 
rises as water flows into the area under the hurricane eye.  This rise is called a storm 
surge.  In August 2005, Hurricane KatrinaÕs lowest recorded sea-level pressure was 902 
mbar, which is the sixth lowest value ever recorded.  What is the difference between 
Hurricane KatrinaÕs lowest pressure and mean sea-level pressure?  What is that pressure 
difference equivalent to as a water thickness? 

 
 
 
 
Temperature 
 
The temperature of an object is a measure of the average kinetic energy, or motion, of the 
particles that constitute the object.  The SI unit of temperature is the Kelvin (K); a change in 
temperature of 1 K is equivalent to a change of 1 degree Celsius (¡C) and 273 K = 0 ¡C.  
 
 degrees Kelvin (K) = degrees Celsius (¡C) + 273 

¡C = 5/9 !  (degrees Fahrenheit (¡F) Ð 32) 
 

!  Typical summertime-high surface temperatures for inland Greenland are about " 5¡C.  For 
rapid melting of the Greenland ice sheet to occur, inland summertime high temperatures 
would need to be about +5¡C.  What is such a temperature change equivalent to in ¡F and 
what would such a temperature change cause here in Seattle? 
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3. Estimation and orders of magnitude 
 
We now want to use the above ideas of exponential notation and units to estimate order-of-
magnitude answers.  In order-of-magnitude land, 4.0 !  109 is virtually the same as 6.5 !  109, 
whereas your accountant might be upset if you lost track of 2.5 billion dollars!  This is an 
important tool for scientific thinking in general and glaciology in particular.  Science is not as 
formulaic as previous chemistry and physics classes may have lead you to believe.  One reason 
why science can be interesting and fun is the fact that often scientists get to think about a 
problem or situation that nobody has ever thought of before.  Scientists have to be creative and 
able to think outside of the box imposed by everyday common experience, but that experience 
can also help to guide the evaluation of new ideas.  Often, you can get a good feel for a problem 
with only a general grasp of the physical principles involved.  Estimating the size and importance 
of the various parts of a problem is also a useful way to break a larger problem down into a series 
of smaller, easier problems. 
 
Almost every question that arises in the physical environmental sciences involves estimating a 
mass or volume of ÒsomethingÓ, such as a material, an amount of energy or the time it will take 
to get something done.  For example, a cleanup contractor may need to estimate the total amount 
of a contaminant at Superfund site, such as PCBs, based on the PCB concentration in just a few 
soil samples.  Alternatively, an earthquake engineer may want to know the total energy released 
by an earthquake under Puget Sound that uplifts the shoreline of Whidbey Island by 1 m, or the 
energy present in the tsunami wave racing toward Elliot Bay. 
 
Many issues also center on the throughput, or ÒfluxÓ, of mass or energy through a natural system; 
the flux is mass or energy passing through a system in a certain time.  For example, the 
Superfund cleanup contractor may also want to estimate the flux of PCBs in kilograms per year 
(kg/a) from the site into an adjacent stream.  Alternatively, a solar power engineer who needs to 
determine the size of the solar panel to power a remote navigation beacon would want to 
estimate the flux of solar energy, or ÒpowerÓ, received by the panel and expressed as energy 
received per second per square meter at the site. 
 
In these exercises, you will work together as a group to identify the major parts involved in the 
solution of the problem, and then come up with an order-of-magnitude answer.  In any real 
problem, there will always be complicating factors and assumptions, but this type of estimation 
often provides a good first guess, which should be close to the right answer. Also consider what 
assumptions you will need to make to produce an answer.  Knowing what assumptions were 
made to arrive at an answer is the essence of solving scientific problems in many different fields. 
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Group A Olympians on the rocks 
Your company, Ice Aged Foods, has won the contract to run all the concession stands at the 2010 
Winter Olympics in Whistler, British Columbia.  To provide an authentic Pacific Northwest 
touch but keep with the Olympic theme, you are going to use glacier ice from Blue Glacier on 
Mt. Olympus to make the ice cubes used in all the drinks that you serve. 
 
Estimate the volume of ice present in Blue Glacier and how many ice cubes it would make. 
 
Group B Iowa mountaineering 
The Iowa Tourism Board has heard about the success of your company, Ice Aged Foods, at 
moving large quantities of earth materials, so theyÕve asked you to help them to attract more 
tourists to Iowa.  TheyÕd like you to move Glacier Peak to central Iowa, since there are plenty of 
other mountains in Washington State and Washingtonians are unlikely to miss it. 
 
Estimate the volume of Glacier Peak and how long it would take to haul it away to Iowa using 
dump trucks. 
 
Group C Fancy water 
Your company, Ice Aged Foods, wants to increase its market share in the iceberg bottled water 
business.  You want to melt the unimaginatively named B-15 iceberg in Antarctica, which is the 
largest iceberg ever recorded, into pristine bottled water.  ItÕs a floating iceberg, so melting it 
into the ocean wonÕt contribute to sea-level rise; in fact, removing it from the ocean would 
actually lower sea level.  B-15Õs cliffs rise about 70 m above the sea surface and about 90 % of 
the mass of an iceberg lies below the water surface.  Also, the radius of the Earth is about 6370 
km. 
 
Estimate the volume of the initial B-15 iceberg, how much it would lower sea level if removed 
from the ocean and how many water bottles it would fill. 
 
 

Writing Assignment 
 
¥ Write up solutions and show your work for all three estimation problems in Part 3.   
¥ Note which problem your group solved.   
¥ State your assumptions clearly for each problem and comment briefly on why you chose 

them, since I canÕt check your work without understanding your assumptions. 
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