AP Physics - First Order Stuff

You’ve decided to take, for whatever reason, AP Physics.  Wow!  The Physics Kahuna (your beloved instructor – the strange, bizarre clown in charge of the class to be exact) is ever so impressed. You, unlike the usual lazy, high school student, are making extremely good use of your high school years by taking a class that will actually teach you something as well as offering you a stiff challenge.  At this point the Physics Kahuna should say some positive things about how important physics is and especially what a good deal taking AP Physics would be and all that.  How hard it will be, &tc.  But this the Physics Kahuna will not do - much.  AP Physics students should not need to be coddled and talked into doing things.  They should perform amazing feats of brainwork without the instructor having to spend valuable time motivating them – and ask (beg would also be appropriate) for more.  In the Navy we called such people “self starters”.  To be a self starter was to be a person who could be relied upon to get things done when they needed doing with being told to go out and do the thing.  This is what you should be.

[image: image1.wmf]5280

11

75.033.5

13.2813600

ft

milesmhm

hmileftss

æö

æö

æö

=

ç÷

ç÷

ç÷

ç÷

èø

èø

èø

AP Physis:  “AP” stands for “advanced placement”.  The specific course you are taken is AP Physics B.  It is an algebra based college level physics course.  The curriculum is established by the College Board.

About This Thing You Are Reading:  At least the Physics Kahuna hopes that you are reading it!  In the first year this class was taught, we had a lovely, genuine college physics textbook.  It was a big thick book with lots of tables, colors, chapters, and pictures.  The thing probably weighed in at five pounds.  Sadly, you will not be issued that book.  Instead you will have to suffer through the course with a series of handouts.  The handouts (the Physics Kahuna does not like calling them that, but what else would you call them?) are sort of like the chapters in a book.  If, after reading enough of these things and having been exposed to the wretched, low-quality lectures of the instructor, you feel that you need to read about physics from an author who actually knows about the subject, the Physics Kahuna could, he supposes, issue you a real book.  You have but to ask.

The only nice thing to say about the handouts is that they were written by the Physics Kahuna himself.

That is also the really bad thing about them.

Everything you need to know for the course is in the handouts.  So if you use them wisely in your study efforts, you will learn a lot of physics and be perfectly prepared to take the AP Physics test.

You should hold on to them and place them in a three-ring binder.  They will help you this year in AP Physics, but they will also be of use in your college courses.  Honest – probably (notice how the Physics Kahuna is fond of using little disclaimers like the word “probably”.  No pinning him down).

Anyway, it will soon be all too obvious that the Physics Kahuna is not your basic professional author (let alone a competent instructor).

Actually, it’s very difficult to say what, exactly, the Physics Kahuna is.  

Educator?  Hah! As if!  Sadly, the first lecture will show you the foolishness of that statement.  Proper teaching is an art form that is mastered by only a few really gifted instructors.  If you are lucky, you will have had one or two really good teachers in the last few years.  Campbell County School District is fortunate in that we have a lot of most excellent teachers who really know what they are doing.  The Physics Kahuna is an exception to the usual high quality of instruction in the district.  What can you do about it?  Well, nothing.  You could maybe dropout of the course.  Unfortunately if you did that, you’d miss out on all the good physics and the phun activities.

Retired Navy person?  Yes.  That is exactly right.  Let us leave the topic having established this one fact.

AP Physics Basic Stuff:  Unfortunately, before we can really get into the exciting world of physics, we got to get the old basics out of the way – stuff like math, units, measurements, &tc.

The Physics Kahuna assumes that you are a gifted student and have established a phabulous (note, the Physics Kahuna has a phoolish notion that spelling words that begin with the letter “f” with “ph” is clever) record of academic performance.  You’ve taken chemistry, algebra, possibly precalculus, maybe even physics, so you are already familiar with how to do math and science.  Most of the material in this section you already know or were at least exposed to (although it may or may not have taken).

So let us begin.

Measuring Things:  We will use the SI (system international) system exclusively.  The SI system is also known as the metric system.  The standard units are:

Quantity

Unit


Abbreviation

Mass   
   

kilogram


kg

Time


seconds


s

Length


meter



m

All the other units   we will make use of are pretty much derived from these three basic units.

To measure large or small things with these units, prefixes are added which alter the value of the unit.  Here are the key prefixes that we will use:


There are quite a few other prefixes, but hardly anyone uses them.  The ones above are the ones you should know.

There will be little memorization for this course.  What you have to learn is how to use physics to solve problems and explain things.  It’s a pity too, because memorization would be a lot easier.  In fact, the first several years you spent in school probably had a whole bunch of memorization for you to do – how to spell words, dates in history, answers to questions, &tc.  The good students, who became the teacher’s pets and got all the A pluses (like you no doubt) were the ones who took the trouble to memorize the answers.  


This is good and bad.  Good in that the students get A pluses.  Bad in that they think that memorizing answers is all there is to being a good student.  

Sadly as school progresses, eventually you reach the level where you can’t memorize the answers and be successful.  In AP Physics what do you memorize? Well, as you will see, not much. 

Anyway, the memorization thing doesn’t really work all that well in a physics class.

Back to the exciting story of units.  After you get through the basic, standard units the rest of them are derived units.  This means that they are combinations of other units.

The Physics Kahuna makes the daring assumption that AP Physics students are all well versed in the SI system.


Here are some of the derived units:





Note:  the Physics Kahuna will include short bits like the one.  Dear Cecil things are actually good science.  Cecil writes a column for the Chicago Tribune, is asked questions, and provides well researched responses.  Also thrown in will be Dr. Science bits.  Dr. Science is mostly bad science, but he is supposed to be phunny so the Physics Kahuna likes to throw in some of his stuff too.

Dimensional Analysis:  This is a system used for unit conversions.

Dimensional analysis comes in handy whenever you have to do an involved, complicated unit conversion.  Simple conversions like centimeters to meters, however, you can just do in your head if you like.

Anyway, the method is taught in chemistry, so you should be familiar with it.  

The key idea here is that units are treated like algebra symbols – you can multiply them by each other, divide with them, and often cancel them out.

· There are 5 280 ft in one mile, 3.281 feet in one meter, and 3 600 seconds in one hour.  Convert 75.0 miles/hour to m/s. 
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Note the diagonal line through some of the units – these are the units that cancelled. Make sure that you always cancel units where required – draw a slash through them just as the Physics Kahuna has done.

Dimensional analysis is always a good check on whether you’ve set up a problem properly.  Usually if the units work out, then you’re solution method is a proper one.

Significant Figures:  In physics, unlike your math classes, the numbers we will use in problems are generally measurements.  They are not pure numbers.  Their accuracy depends on the instrument used to make the measurement.  This accuracy is indicated by using significant figures.  

So how do you make a measurement and have it properly indicate its accuracy?  Well, simple.  When you make a measurement, you always write down the numbers from the scale that you know for certain and then you estimate one more number.  

For example, suppose you measure a length with a ruler that is marked to the nearest tenth of a centimeter. The object’s length reaches between 6.5 and 6.6 centimeters.  So you write down “6.5” because you are sure about them – the 6 and the 5.  Then you estimate where the object lies between the .5 and .6.  This is the final number you write down.  You estimate it comes in about three tenths of the way, so your measurement is “6.53 cm”.

Rules for Significant Figures: Here are the rules:

1. All non zero numbers are always significant.

2. Zeros between non-zero numbers are always significant.

3. Leading zeros are never significant.

4. Trailing zeros are not significant if the number has no decimal point.

5. Trailing zeros are significant if the number has a decimal point.

6. The mantissa (number in front of the power of ten) of a number written in scientific notation is always significant.  The power of ten is not.

Here are some examples:   
25.2 cm

3 significant figures (rule 1)

35.0 s


3 significant figures (rules 1 and 5)

0.0044 kg

2 significant figures (rules 1 and 3)

30200 m

3 significant figures (rules 1, 2, and 4)

2.5 x 1012 J

2 significant figures (rules 1 and 6)

Using Significant Figures in Calculations: When making calculations, the mathematical process can generate a great many numbers that would make the answer more precise than the data.  Clearly that must not be allowed. When you divide one by three, for example, you get a decimal point followed by a whole slew of threes – as many as your calculator can display.  To preserve the accuracy of a calculated value, one uses rules for mathematical operations with significant figures.  They are quite simple.

Multiplying or dividing – the number of significant figures in the answer must be the same as the number of significant figures for the least accurate measurement used in the problem.

Adding or subtracting  –  the number of decimal places in the answer must be the same as the smallest number of decimal places in the measurements used to make the calculation.

Examples:  

1.  
2.500 m + 1.21 m + 3.4561 m – 245.1 m = - 237.9339 m

The answer must be rounded off to the nearest tenth as 245.1 has only one decimal place.

The answer is – 237.9 m

2.  
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The answer must be rounded off so that it only has two significant figures because 12 m, one of the measurements, only has two significant figures.

Rounding Off: You run into a rounding off problem when rounding off a number that ends in five.  Do you round up or do you leave it alone?  In physics, you round up if the number in front of the five is odd.  If the number in front of the five is even, you don’t round up. Let’s do an example.  You’ve gotten an answer of  25.500 m that has to be rounded off to two significant figures.  25.500 m would round off to 26 m, since the number in front of the five is odd.  But 24.500 m would round off to 24 m.

You only use this rule if the last nonzero number is five.  If there is anything else you would round up.  For example you have this number 12.25001 m.  It’s the answer to a problem you are solving and you want three significant figures in the answer.  Because of the 1 all the way at the end, the number is more than halfway between 12.2 m and 12.3 m, so you round it up to 12.3 m.  Does this make sense?  Think about it till it does.

Problem Solving:  As an AP Physics student, you will be privileged to solve many problems – many of them quite involved and complicated.  You will become a master problem solver through the course of the year.  To help get you started, the Physics Kahuna is more than happy (which George Carlin identifies as a dangerous condition) to provide you with some helpful problem solving hints.

1. Read the problem carefully at least twice.

2. Draw a diagram of the basic situation with labels.

3. Decide on what direction will be positive.  Decide on where to place the origin of your coordinate system.

4. Imagine a movie in your mind of what happens.  What does your common sense tell you is going to happen?

5. Identify the basic physics principles involved, list the knowns and unknowns provided in the problem.  

6. Determine what information is important and what information is extraneous.

7. Draw a free body diagram (if appropriate – more on what a free body diagram is later).

8. Write down or develop the equation(s) needed.  Symbolically solve for the unknown.

9. Substitute the given values into the equations you developed.

10. Do the calculations. 

11. Now check that all numbers have proper units, that units have been canceled where appropriate, and that the answer has the correct number of significant figures.  

12. Reflect upon your work.  Ask yourself these questions:

· Do the units match?

· Are the units the proper ones

· Is the answer reasonable – does it make sense?

· Is a plus or minus sign proper or meaningful?

      13.  Draw a box or a circle around your answer.

Your work should be written as a logically ordered series of discrete, clearly delineated steps.  This will allow another person to follow your method of problem solving.  In other words, don’t write down your work in a helter-skelter fashion where it’s hard to follow what you’ve done.

Example:  Here’s a simple chemistry problem.  A gas occupies a volume of 2.50 L at a pressure of 1.25 atm.  If the pressure is changed to 5.75 atm what is the new volume?

1. Write down the equation, this would, you no doubt recall, be Boyle’s law:
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2.  Now you must solve the equation for V2, the new volume:
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note that no numbers have been used thus far.
3. Next, plug in the values for the data:  (This is known as pluggin' and chuggin'.)
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(Don't forget to cancel the units!)

4.  Write down the answer:
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5.
It needs to have the proper number of significant figures, which it nicely already has, so make a circle around it or make a square around it or something:
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That's all there is to it.


Physics Definitions: 

Kinematics is the study of motion independent of its causes.  This simply means that you study movement but you don’t worry about what made the movement happen (forces, you will learn in a bit, are the things that make movement happen).

Dynamics is the study of motion and its causes. 

A scalar is a quantity (something you can measure) that has magnitude only.  Mass, temperature, distance, and density are all examples of scalar quantities.

A vector is a quantity that has magnitude and direction.  Forces, accelerations, and velocities are vector quantities.  We’ll see how they work in a bit.

Distance is a linear length.  It is a scalar quantity.

Displacement is a change in position.  It is a vector quantity. It involves a distance and a direction. 


Change in displacement is (x   
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The triangle means “change in”.  So “(x” means “change in x”.


Final Thoughts:  The handout is pretty much finished.  We reviewed and or learned a heck of a lot of material.  The rest of it is the nonsense stuff the Physics Kahuna warned you about.


 

 

Charge of the Light Brigade

Half a league, half a league, 

Half a league onward, 

All in the valley of Death 

Rode the six hundred. 

"Forward, the Light Brigade! 

Charge for the guns!" he said: 

Into the valley of Death 

Rode the six hundred. 

"Forward, the Light Brigade!" 

Was there a man dismayed? 

Not tho' the soldiers knew 

Someone had blundered: 

Theirs was not to make reply, 

Theirs was not to reason why, 

Theirs was but to do and die: 

Into the valley of Death 

Rode the six hundred.

Cannon to the right of them, 

Cannon to the left of them, 

Cannon in front of them 

Volleyed and thunder'd; 

Storm'd at with shot and shell, 

Boldly they rode and well, 

Into the jaws of Death, 

Into the mouth of Hell, 

Rode the six hundred. 

Flashed all their sabres bare, 

Flashed as they turned in air, 

Sab'ring the gunners there, 

Charging an army, while 

All the world wondered: 

Plunging in the battery smoke, 

Right through the line they broke; 

Cossack and Russian 

Reeled from the sabre-stroke 

Shattered and sundered. 

Then they rode back, but not-- 

Not the six hundred.


Cannon to the right of them, 

Cannon to the left of them, 

Cannon in front of them 

Volleyed and thundered; 

Stormed at with shot and shell, 

While horse and hero fell, 

They that fought so well, 

Came thro' the jaws of Death, 

Back from the mouth of Hell, 

All that was left of them, 

Left of the six hundred. 

When can their glory fade? 

Oh, the wild charge they made! 

All the world wondered. 

Honor the charge they made! 

Honor the Light Brigade, 

Noble Six Hundred! 

           --  Alfred Lord Tennyson    (1809-1892)

Britain declared war against the Ottoman Empire (which had aligned itself with Russia) in 1854.  The Light Brigade – a calvary unit - consisted of the 3rd, 4th, 8th, 11th, and 13th Hussars plus the 17th Lancers.  The brigade had 673 officers and men at the beginning of the charge.  247 men and 497 horses were lost during the charge.  A French general who witnessed the thing said, “C’est magnifique, mais ce n’est pas le guerre”.  (“It is magnificent, but it is not war”.)  These words became as famous as Tennyson’s poem.  The brigade was commanded by Lord Cardigan – viewed today as a great example of the incompetent British Officer of the Colonial period.  He was commissioned a colonel based solely on his title (he was a baron) and  social position.  Not the best way to select a military commander.

Tennyson wrote this famous poem in 1864.






Dear Marilyn Vos Savant (supposedly the most intelligent person on the planet – the Physics Kahuna):


Why are physics problems so tough to solve on paper?   After all, we solve com�plicated physics problems in practice every day.  For example, when I play ten�nis, I must gauge the speed and angle of the ball heading my way.  Then, in that split second, I know where I need to go, at what angle to hold my racquet, how much force to apply and all sorts of vari�ables (including wind) to return the ball and keep it in bounds.  But if I tried to apply numbers to all these variables, I'd consider it darned near impossible to figure out. 


—Tim Jones, Fort Wayne, Ind. 





It's almost always easier to know how than to know why, no matter what we do, including everything from cooking well to properly set�ting a broken leg. That's why the architect is paid more than the bricklayer, even though the bricklayer works very hard: The architect is the rarer commodity.








Dear Doctor Science, 


When I put my car's transmission into "park", the car does not park. It just sits there! Why?


-- Arnold Gugarty from Marlboro, MA





Dr. Science responds:


Define your terms. In automobile lingo "park" is a way for a car to take a nap. On the other hand, maybe when you hear the word you think of "parking" with your girlfriend, or maybe you expect to be taken to a grassy public expanse where you can picnic and soak up some rays. Your self- centerdness is blinding you to true automotive reality. If you could just escape the prison of your mind long enough to see things from your car's point of view, you might have less need to bother your mechanic or Dr. Science.








Nonsense: There is this farmer who is having problems with his chickens. All of the sudden, they are all getting very sick and he doesn't know what is wrong with them. After trying all conventional means, he calls a biologist, a chemist, and a physicist to see if they can figure out what is wrong. So the biologist looks at the chickens, examines them a bit, and says he has no clue what could be wrong with them. Then the chemist takes some tests and makes some measurements, but he can't come to any conclusions either. So the physicist tries. He stands there and looks at the chickens for a long time without touching them or anything. Then all of the sudden he starts scribbling away in a notebook. Finally, after several gruesome calculations, he exclaims, "I've got it! But it only works for spherical chickens in a vacuum."  (Courtesy of the University of Iowa Physics Department.)





Note:  This is for you serious students who are offended by a stupid joke showing up in the middle of what is essentially your text book.  Okay, and this is important.  This class will have an unhealthy amount of silliness, foolishness, and plain old dumb stuff.  Beware!  You have been warned!





Table of Standard Prefixes





Prefix				Symbol			Factor


giga				G				109


mega				M				106


kilo				k				103


-------------------------------------------------------------------------------


centi				c				10-2


milli				m				10-3


micro				(				10-6


nano				n				10-9


pico				p				10-12











Quantity		Name			Symbol	 	Unit


									Equivalent


Speed, velocity�
�
�
m/s�
�
Acceleration�
�
�
m/s2�
�
Frequency�
Hertz�
Hz�
1/s or s-1�
�
Force�
Newton�
N�
kg(m/s2�
�
Pressure�
Pascal�
Pa�
N/m2�
�
Work, energy, heat�
Joule�
J�
N(m or kg(m2/s2�
�
Impulse, momentum�
�
�
kg(m/s or N(s�
�
Power�
Watt�
W�
J/s or N(m/s or kg(m2/s3�
�












"No Easy Answers in Mars Probe's Fiery Death"





This is the headline of a news story in Science. It turned out that there was an easy answer. The wonderful folks in charge had mixed English and SI units.  "The investigation board confirmed that the root cause of the loss was a misuse of English units.... The Mars Climate Orbiter's operator, Lockheed Martin Astronautics of Denver, supplied data about the firing of the spacecraft thrusters in pound-seconds. The recipients of the data, spacecraft navigators at the Jet Propulsion Laboratory in Pasadena, California, assumed the units were in the newton-seconds required by mission specifications.  Dear, oh dear, oh dear.  Do you think that the United States could join the rest of the world and switch to SI units?








Dear Cecil:


A few years ago there was a lot of noise about the U.S. finally going metric. We saw road signs with mile and kilometer equivalents and soda bottles containing peculiar fractions of liters that corresponded to quarts and ounces. Then what happened? No one talks about metric anymore. How come? Is there any serious metric movement? Is not going metric part of the decline of U.S. industry in world markets? 


--Eric Gordon, New York





Cecil replies:


Like hell. Had U.S. industry suffered a real (as opposed to relative) decline, Americans would have quit screwing around and converted to metric long ago, just as the UK did -- and remember, the British are the ones who invented this dram-bushel-inch stuff. As it is, U.S. industry is sufficiently prosperous and the domestic market is so large that the country can afford the luxury of supporting two separate systems of measurement. Which is basically what it has. Most big multinational firms use metric for goods they sell abroad, and some (e.g., the automakers) have abandoned the inch-pound system altogether. Smaller companies serving primarily the U.S. market and of course most ordinary folks have clung to the old system, mainly for lack of a compelling reason to change. If significant numbers of midsize firms routinely had to convert from millimeters to inches (how fast can you multiply by .03937?), opposition to metrication would evaporate. But in the U.S. they don't, and it hasn't.





One of the reasons the U.S. will probably never fully convert to metric is the country's genius for compromise--its saving grace in politics, maybe, but not so useful when it comes to weights and measures. The first round of attempted metrication, which took place following passage of the Metric Conversion Act of 1975, is now remembered as the time when "we made a mistake . . . trying to force metrics down people's throats," one advocate says.  Baloney. It was a typical let's-please-everybody muddle. Dual posting of highway signs in miles and kilometers cost money without any compensating advantage and, by calling attention to the fact that one kilometer equals .621 miles, made the metric system seem needlessly complicated. The folly of dual measurements persists to this day. Rather than baffle consumers by pointing out that a gallon of milk equals 3.78 liters, it would be better to simply replace gallons with four-liter containers. The two-liter pop bottle no doubt succeeded because it was just that simple.market is Opponents of metrication have succeeded in painting it as a one-world plot, with the introduction of an alien system of weights and measures the obvious prelude to a takeover by the Bolsheviks. To this day you'll hear media commentators moaning that recalculating football fields and baseball diamonds in meters threatens the integrity of American sport. Converting to metric will cost money, the critics say, and unless you're involved in foreign trade it confers no benefit.











These arguments are specious. If people still calculate horse races in furlongs, a medieval measure, there's nothing to prevent them from using feet and yards in sports indefinitely (although the Olympics have gotten people used to meters). And while converting to metric costs something, much of the money has already been spent. Rare is the auto mechanic, for example, who doesn't have metric wrenches. As for the metric system conferring no benefit--come on. For many everyday purposes the inch-pound system is useless. How many people understand fluid ounces, bushels, pecks, rods, and grains? How many can visualize an acre? (A hectare, the comparable metric unit, is 100 meters on a side.) Two centuries ago the U.S. adopted a decimal system of currency, and today everybody's happy they did. A decimal system of measurement would be at least equally useful.


Officially the U.S. is still trying to convert to metric. In 1988 Congress reiterated that the metric system was the "preferred system of measurement." Federal agencies, which procure more than $300 billion in goods and services annually, are supposed to require their vendors to supply metric products. Most still don't. But who knows? In an age when every dieter can quote you "fat grams," the metric system may sneak up on us yet.





--CECIL ADAMS











Dear Straight Dope:�We know a foot (12 inches) is named after the fact that it used to be the size of some king's foot. But how did It get to be the size it is now? Who decided the standards? 


--Neil Brennan, Rod Towey, and Russ Walford, Almonte, Ontario��SDSTAFF Dogster replies:�While we here on the SDSAB are encouraged to see your thirst for knowledge, we are saddened to see you making hasty (and incorrect, in this case) assumptions. You "know that a foot (12 inches) is named after the fact that it used to be the size of some king’s foot." Not so, little Teemsters. Our modern measurement of 12 inches equaling 1 foot actually comes from a king’s arm. Or, to be more precise, one-third of a king’s arm. According to Isaac Asimov's Book of Facts, the arm under discussion is that of King Henry I (1068-1135) of England, who had a thirty-six inch long arm and decreed that the standard “foot” should be one-third of that length. How could he do this? Supreme executive power, baby. Why is it still in use? It became standard, and while most other countries have adopted the metric system, we lazy Americans are apparently still trying to show our ancestral monarchs some degree of respect. The moral of all this? �It’s good to be the King.�--SDSTAFF Dogster Straight Dope Science Advisory Board








Dear Straight Dope:


Just wondering if you could tell us a bit about where the "meter" originally came from? I've heard about the French "meter of the archives" and how it was pretty much the same compared to the meter we use today; is this true? Also, what's the whole deal with the metric system anyway? 


--usman d, Lahore, Pakistan 





SDSTAFF Alphagene replies:


Both the meter and the metric system have their origins in France. While it is hard to explain "the whole deal" with a lot of French things, this topic is relatively straightforward. The length of the meter hasn't changed much since it was established in the late 18th century, but the precision by which it is measured has improved dramatically. 





The idea of a metric system of units is older than most people think. Some authorities credit Gabriel Mouton, a French vicar, for originating of the metric system in 1670. Other note that the concept of a decimal-based system of measurement was advocated in Simon Stevenius's book De Thiende, written back in 1584. But for a long time, the metric system was just an idea.





Then, in 1789, the French had themselves a revolution. Among other things, the French saw this as an opportunity to improve upon the awkward traditional units of measurement. In 1791 the French Academy of Sciences was instructed to create a new system of units. It was decided that this new system should be based on powers of ten and that the fundamental measuring units of this system should be based on natural values that were unchanging.





To this end, FAS decided to figure out the distance of an imaginary line that began at the North Pole, ended at the equator (AKA a quadrant) and ran through Paris. They would then divide this line into exactly ten million identical pieces. The length of one of these pieces would be the base unit for the new system of measurement.





After a six-year survey ending in 1795, this unit was determined to be 39.37008 inches in length. The name "metre" was chosen for this unit based on metron, the Greek word for "measure." Yes, my fellow Americans, the correct, official, internationally-approved spelling is "metre," not "meter." Technically speaking, a "meter" is not a unit of measurement but a device that measures stuff, like a parking meter. But seeing as how "meter" is pretty much the way all of us Americans spell it, that's the way I'm spelling it from here on in.





Interestingly, there were other ideas about how to define the standard unit of length. More than a century before the French Revolution, Dutch astronomer and founding member of the FAS Christiaan Huygens suggested that a good standard of length would be that of a pendulum having a period of one second. The problem with this definition is that the period of a simple pendulum depends not only on its length but also the force of gravity. Earth's gravitational pull is not uniform in different locations. The acceleration of gravity varies slightly with changes in elevation, latitude, and other factors. For this reason the FAS turned down this suggestion.








The meter became the basis for other metric units. A gram was defined as the weight of a cubic centimeter of water at maximum density. The liter was defined as one thousandth of a cubic meter.





In 1799, a one-meter platinum bar (as well as a one-kilogram platinum weight standard) was placed in the Archives de la République. The meter was defined as the distance between the two polished ends of the bar at a specific temperature. 





A lot has changed since 1799. For example, the gram is no longer considered a unit of weight but a unit of mass. This distinction was made official in 1901. Additionally, both technology and scientific theory have made considerable strides since the French first archived slabs of platinum. As a result, various international conferences have been held over time to further clarify these base units, including the meter.





The problem with the first meter prototype was that it was a bit too small. It seems that when the French computed the quadrant they based the meter on, they didn't compensate enough for the earth's tendency to flatten out due to its rotation. In 1872, the International Commission of the Meter recognized this discrepancy, but declared that it really didn't matter. The 1799 meter remained the standard. By 1899, the International Bureau of Weights and Measures had crafted and distributed new prototypes for the meter based on the 1799 standard. This new prototype was an X-shaped graduated standard made out of a platinum-iridium alloy. The meter was then defined as the distance between the two graduation lines at 0 C.





In 1960 the metric system was officially named "Système International d'Unités" or SI. At this time, it was also decided that there was a more precise way to define a meter than to rely on hunks of metal in France. Light waves could now be measured with great precision. Many elements give off light waves at specific wavelengths when their atoms make what is called a transition. Since these transitions are uniform for a given atom, it was thought that the meter could be based on one of these wavelengths. It was finally decided to use atoms of the isotope krypton-86. Specifically, one meter was defined as being equal to 1,650,763.73 wavelengths of the orange-red line (corresponding to the unperturbed atomic energy level transition between levels 2p10 and 5d5) in the spectrum of the krypton-86 atom in a vacuum. Got that?





Most recently, the meter was defined using yet another unchanging value, one that is known with great precision: the speed of light in a vacuum. As of 1983, the meter is officially defined by the General Conference on Weights and Measures as "the length of the path traveled by light in vacuum during a time interval of 1/299 792 458 of a second." This not only standardizes the length of a meter, but it also sets the speed of light in a vacuum at exactly 299,792,458 m/s. 





It's a credit to the FAS that their system of measurement, created more that two centuries ago, is not only still around, but the dominant system in the world. It's even crept its way into the stubborn American frontier. With that kind of longevity, it makes one wish that the French entertainment industry was under the control of the FAS. They probably would have advised against that whole Gérard Depardieu thing.














30 % of adult Americans believe that UFO’s are space ships from other planets, 60 % believe in ESP, 40 % are convinced that astrology is a valid science, 70 % believe that magnetic therapy actually works, and 88 % believe in alternative medicine.








There are two possible outcomes: If the result confirms the hypothesis, then you've made a measurement.  If the result is contrary to the hypothesis, then you've made a discovery.


--Enrico Fermi
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