
       How the Universe Works  -- Side 1
By the time you are reading this archive . . . , the class has already explored the physics concepts presented 
through an exploration laboratory, a class activity, class discussion(s) and one or more worksheets.  If you are reading 
this on the internet without exploring the topic with the class first, you can still get something out of it.   If you take 
the extra step and watch some of the help videos on my website, you should be in pretty good shape.  Learning Physics 
is not a passive endeavor, you have to be . . .  well . . . mentally aggressive to appreciate the relationships that 
combine to make the universe work.    As my mentor teacher, Bill Fix said to me once, “Learning is not remembering and 
teaching is not telling”.   
You’ve been experiencing  Physics your whole life.  Now you’re finally reached a high enough level of mathematical 
sophistication that you can actually begin to understand  the universe that surrounds you.   Welcome to the journey! 

    Historical Background #1 - A Brief, but disturbing , history of the acceptance of the metric system

  1790 Thomas Jefferson proposed a decimal-based measurement system for the United States. France's Louis XVI authorized 
         scientific investigations aimed at a reform of French weights and measures. These investigations led to the 1st "metric" system.
  1792  The U.S. Mint was formed to produce the world's first decimal currency (the U.S. dollar consisting of 100 cents).
  1795  France officially adopted the metric system.
  1866 The use of the metric system made legal in the United States by the Metric Act of 1866 
  1889 As a result of the Metre Convention, the U.S. received a prototype meter and kilogram to be used as measurement standards.
  1893 Metrics declared "fundamental standards of length and mass" The yard, lb, etc. have been officially defined in terms of metrics.
  1916 The Metric Association formed as a non-profit organization advocating adoption of the metric system in the U.S. 
  1960  The CGPM adopts the name Système International d'Unités, with the international abbreviation SI, for the metric system and 
         lays down rules specifying six base units (meter, kilogram, second, ampere, kelvin, candela).  The meter is redefined in terms of 
         a wavelength of light emitted by krypton atoms, replacing the 1889  prototype bar of platinum-iridium.
  1971 Report to the Congress: A Metric America, A Decision Whose Time Has Come. The 13-volume report concluded that the    
         U.S. should "go metric" deliberately and carefully through a coordinated national  program, and establish a target date of 1981
  1974 The Education Amendments of 1974  encouraged educational agencies and institutions to prepare students to use metrics 
  1975  The U.S. Metric Act established the increasing use and voluntary conversion to the metric system. 
  1982 President Ronald Reagan disbanded the U.S. Metric Board and canceled its funding. 
  1988  The Omnibus Trade and Competitiveness Act designating the metric system as the preferred measurement system,     
         and requiring each federal agency to be metric by the end of fiscal year 1992.
  1991 President George H. W. Bush directed all executive departments and federal agencies implement the use of the metric system. 
  1994  The Fair Packaging and Labeling Act (FPLA) was amended to add a requirement for metric units on most consumer products.
  1996 All surface temperature observations in National Weather Service reports are now transmitted in degrees Celsius.
  2000 Now suspended, the deadline for metricating highway construction, including all agreements, contracts, and plans processed by 
           individual states for federally-funded highway construction to be in metric units, was canceled by Congressional action,  
  2007  NASA has decided to use metric units for all operations on the lunar surface when it returns to the Moon. 

Common Basic Conversions:    12 inches =  1 foot     3 feet  = 1 yard     5280 feet = 1 mile    
0.305 meter = 1 foot    2.54 cm = 1 in     3.8 Liters = 1 gallon      4.46 Newtons = 1 pound            
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Americans express their disdain for metrics          Green represents countries that have totally gone metric.

MKS  vs. CGS:  You won’t get very far in this class if you don’t start speaking and understanding 
the language.  Physicists use the International System of Units (SI), more specifically, the MKS 
system .  This stands for meters / kilograms / seconds.  Meters is our basic unit of length, kilograms 
is the basic unit we use for mass and seconds is the basic unit for time.    
The original  cluster of metric units was based on the centimeter, the gram, and the second, and is 
called the CGS system. The CGS system was introduced  in 1874.  It found almost immediate favor 
with working scientists, and it was the system most commonly used in scientific work for many 
years. Meanwhile, the further development of the metric system was based on meter and kilogram 
standards created and distributed in 1889 by the International Bureau of Weights and Measures. 
During the 20th century, metric units based on the meter and kilogram--the MKS units--were used 
more and more in commercial transactions, engineering, and other practical areas.  In 1954, the 
meter, kilogram, second, ampere, degree Kelvin, and candela were adopted as the basic units for all 
international weights and measures, and in 1960  this collection of units was named  International 
System of Units (SI) (The "degree Kelvin" was shortened to kelvin in 1967) .  In effect, these decisions 
gave the central core of the MKS system preference over the CGS system. 

Metric Prefixes we will use:
picometer 10 -12     nanometer 10 -9      micrometer 10 -6      millimeter 10 -3     centimeter 10 -2

     meter 100      kilometer 103      Megameter 106      Gigameter 109     Terameter 1012  
Power Line:

 -12pm -9nm  -6µm -3mm -2cm   0m  3km  6Mm 9Gm 12Tm  

The Metric Game!
The metric game is just a way to learn  the most common metric prefixes and their relationships.  Here are a couple of 
examples which illustrate  the basic rule:   You add up all the powers on the left side of the equation and subtract the 
power on the right to give you the magnitude of the answer. 
example 1: Perform the following conversions within the metric system:
  ( 2  + 3 )   -           6
   592   kHz   =   __________   MHz   ===>  2 +  3  -  6  =  (-1)   therefore,  the answer is:   5.92 x 10-1 MHz  or 0.592 MHz

        [ (-13)+9 ]   -                      (-6)
6.51 x 10-13  Gm =  ____________  µm   ===> (-13)  +  9 - (-6)  =  2   therefore,  the answer is:    6.51 x 102 µm   or   651 µm

   [ (-4)  +  15  + (-9) ]  -              (-3)
 0.00049 x 1015    ng  =  __________  mg   ===> (-4) + 15 + (-9) - (-3) =  5  therefore,  the answer is:    4.9 x 105 mg


