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Guide for Explore the Powers of Ten Scale

     Students seem to have a better understanding of measurements expressed in scientific notation when they represent large distances.  One strategy to building an understanding of the wide range of distances and dimensions is to begin with an activity that explores increasing values of Powers of Ten beginning with the meter as a standard. This is an opportunity to discuss the concept that all measurement standards are arbitrary. Individuals or group of individuals have established all standards for scientific measurements.  This discussion is usually included in introductory chapters of many science textbooks. The study of pH and POH also provides an opportunity to integrate nanoscale Powers of Ten activities into a STEM Program.

     Once students have developed some confidence in their ability to express distances in positive powers of ten, they may find working with negative powers of ten more manageable. An additional strategy is to employ a mix of hands on measurements with assignments that require locating data that can be used to explore the range of powers of ten.  Many web sites provide images and animations that students can use to explore the power of then scale.
Examples of Answers to questions and Data Collected Include
Question 1:  If a meter is one ten millionth of the distance from the Earth’s North Pole to the Equator, what is Earth’s Polar Circumference?  Approximately 40,000,000 meters or 40,000 kilometers

Question 2:  How can one meter be expressed using scientific notation?   1.0 x 100
Data Table #1
	Distance measured

(in meters)
	Distance expressed in meter

(using scientific notation)
	Distance Expressed in Nanometers

(using scientific notation)

	One meter
	1 x 100
	1 x 109

	Ten meters
	1 x 101
	1 x 1010

	Thirty five meters
	3.5 x 101
	1 x 1010

	One hundred meters
	1 x 102
	1 x 1010


Data Table #2

	Distance measured

(in meters)
	Distance expressed in meter

(using scientific notation)
	Distance Expressed in Nanometers

(using scientific notation)

	150 meters
	1 x 102
	1 x 1010

	4 kilometers
	1 x 103
	1 x 1011

	Thirty kilometers
	3.5 x 104
	1 x 1012

	900 kilometers
	9.0 x 105
	1 x 1013

	1,500 kilometers
	1.5 x 106
	1 x 1014

	20,000 kilometers
	2.0 x 107
	1 x 1015


Data Table #3
	Distance measured

(in meters)
	Distance expressed in meter

(using scientific notation)
	Distance Expressed in Nanometers

	75,000 kilometers
	7.5 x 107
	1 x 1015

	384,401 km
	3.84 x 108
	1 x 1016

	1,500,000 km
	1.5 x 109
	1 x 1017


Data Table #4
	Distance measured

(in meters)
	Distance expressed in meter

(using scientific notation)
	Distance Expressed in Nanometers

	58,000,000 km
	1 x 1010
	1 x 1018

	150,000,000 km
	1 x 1011
	1 x 1019

	5,900,000,000 km
	3.5 x 1012
	1 x 1020

	17,000,000,000 km
	1.7 x 1013
	1 x 1021


Question 3:  How many more rows would you have to add to Data Table #4 to include the additional Powers of Ten representing distances that would reach to the edge of the Universe?     Twelve more rows
Data Table #5
	Distance measured

(in meters)
	Distance expressed in meter

(using scientific notation)
	Distance Expressed in Nanometers

	One meter
	1 x 100
	1 x 109

	15 centimeters
	1.5 x 10-1
	1.5 x 108

	2.54 centimeters
	2.54 x 10-2
	2.54 x 107

	5 millimeters
	5.0 x 10-3
	5.0 x 106

	0.5 millimeters
	5.0 x 10-4
	5.0 x 105

	0.000024 meters
	2.4 x 10-5
	2.4 x 104

	1500 nanometers
	1.5 x 10-6
	1.5 x 103

	650 nanometer
	6.5 x 10-7
	6.5 x 102

	0.000000027 m
	2.7 x 10-8
	2.7 x 101

	2.2 nanometers
	2.2 x 10-9
	2.2 x 100


Question 4:  How many rows would you need to add to Data Table #5 to continue down the Power of Ten scale to a subatomic distance of 10-18 meters?
 Nine more rows
Examples of Powers of Ten Web Sites
· http://www.powersof10.com/
· http://micro.magnet.fsu.edu/primer/java/scienceopticsu/powersoften/
· http://www.wordwizz.com/pwrsof10.htm
· http://microcosm.web.cern.ch/Microcosm/P10/english/welcome.html
· http://www.themathpage.com/ARITH/powers-of-10.htm
· http://www2.sims.berkeley.edu/research/projects/how-much-info/datapowers.html
· http://www.miamisci.org/ph/hextend1.html
