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The metric system of measurement was developed in France during the French Revolution in the 1790's.  It was made in order to have a standard system based upon the powers of the number 10 rather than the loose and sometimes inaccurate systems based upon the length of the King's arm or his fingers or stride.  Unlike the British measuring system still in use in the United States, the metric system relates length, width and height to volume and to mass in an easy and clear way. It is used in every country throughout the world (except the U.S.) and has also become known as SI, or System Internationale.


The  base units of the Metric system are four in number.  They tell us the measure of length (meter), volume (liter), temperature (degrees Celsius)  and mass (gram).  Originally, the meter was defined as the distance from the North Pole to the equator divided by 10,000,000 (ten million).
The metric system describes the size or other characteristics of an object in two ways:


The prefix tells you how large the unit is.  The base unit tells you whether it is length, volume, mass or temperature you are measuring.  Look at the following example:

"My height is 182 centimeters"



182 tells you how big the object is.



"centi" is the prefix



"meters" is the base unit.

The following are the names of the base units used for measuring:



length (width, height)

meter



mass




gram



volume



liter 



temperature


degree Celsius


The easy and fun part of the metric system is the predetermined set of prefixes which tell us how much of the base unit we wish to use.  You are already familiar with many of these prefixes from computers.  Almost all of them come from Latin and Greek words.  Briefly, the most common prefixes include the following:


a.   kilo
1,000 times

 eq \o\ac(○,K)ing

b.  hecto
100 times


 eq \o\ac(○,H)enry

c.  deka
10 times



 eq \o\ac(○,D)ied


d.   deci
1/10 part




 eq \o\ac(○,D)rinking


e.   centi
1/100 part





 eq \o\ac(○,C)hocolate


f.  milli

1/1,000 part






 eq \o\ac(○,M)ilk



Notice that in each case the unit below is ten times as large as the unit above.

From your use of computers, you will also recognize the following prefixes:


g.  tera
1,000,000,000,000 times    
=
1012

h.  giga
1,000,000,000 times

=
109

i.  mega
1,000,000 times


=
106
When we use microscopes, the smallest of the prefixes will be useful:


j.  micro
1/1,000,000



10-6

k.  nano
1/1,000,000,000


10-9

l.  pico
1/1,000,000,000,000


10-12

In general, for the purposes of conversion, you should realize that the meter is slightly more than a yard (39.37 inches), the kilogram is greater than two pounds (2.2 pounds/kg) and the liter is about 1 quart or 1/4 of a gallon (l.096 liters per quart).  Lastly, the degree Celsius is larger than the degree Fahrenheit.  We will discuss each of these measures in detail.


In order to save space and the time for writing out the units in the Metric System, abbreviations are used as follows.  Note the parallels between each unit of measure:

	kilometer           km 
	Meter            m

	Centimeter       cm
	Millimeter    mm
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Adapted from:  Fairbank, Mark; "Think Metric Units and Prefixes; http://king.prps.k12.ca.us/prhs/pasohigh/classes/Fairbank/pubic.www/homepage/chemist/metric/metricpre.htm
These measurements are the most common ones.  You will become more familiar with them as we use them.  We shall now review each of the measures and how you are to find them.  In particular, we shall name the device you use to measure and we shall review any special methods you might need to employ in performing this measurement.  

Lastly, we will discuss how accurate you might be when using each instrument.  In science, this is called, the" degree of accuracy."  This may defined as, "how precise an instrument is when  used to measure an object."
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Adapted from:  Fairbank, Mark; "Think Metric Units and Prefixes; http://king.prps.k12.ca.us/prhs/pasohigh/classes/Fairbank/pubic.www/homepage/chemist/metric/metricpre.htm
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    As you can see, the meter is slightly longer than a yard. In fact, the meter is 39.37 inches (as opposed to 36 inches in a yard).  For longer distances, we use the metric unit, kilometer which represents 1,000 meters.  It is smaller than the English mile.  One mile equals approximately 1.6 km.
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In science labs, however, we need a metric unit that is smaller than a meter.  For the length of most things in the lab, we will be using centimeters.  If you look at the picture below, you can see that the metric tape measure shows the centimeter being divided into 10 smaller units--these are millimeters.  The millimeter is the smallest unit we can measure with the human eye.  Therefore, when you write down the length (or width, or height) of something, you will write it to the nearest tenth of a centimeter:   34.1 cm

Note the abbreviations used in common lengths are written in lower case letters as follows:


meter =
m


kilometer =
km


centimeter=
cm
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millimeter=  mm
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\When measuring the length of something, architects and engineers do not use the end of the meter stick.  Instead, they start their measuring at 1.0 cm and then subtract 1 cm from their final length.  They do this because they know that the end of the meter stick can wear down thus leading to inaccuracies.
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Look at the illustrations to the left.  When you are using a thin ruler, you should place your eye directly above the thing you are measuring.  If you don't do this, you will have an inaccurate reading.  
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When using a thick ruler, place it on top of the object and read it from the front as shown to the left.

Test Your Metric Abilities:

Take the metric ruler that is on your lab table.  Measure the size of this piece of paper.  Write the answer in your science notebook and then measure the length of the lines below:
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Length

__________  cm

width            
__________ cm

A centimeter is about 1/2 inch long and one foot is about 30 cm long.

Knowing this, estimate your height in centimeters.  Write the answer here and in your science notebook.
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When measuring longer distances in the metric system, the kilometer is the unit of choice.  Now that you know all of the metric prefixes, you know that the kilometer is made up of 1,000 meters.  The kilometer is less than a mile (0.64 mile = one kilometer)
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Metric measure uses the word "degree" just as we do in British measure.  However, here the difference ends.  While the Fahrenheit scale shows water freezing at 320 F and water boiling at 2120F, the Celsius scale has set the freezing point at 00 C and the boiling point at 1000 C.  That means that there are 180 degrees Fahrenheit between freezing and boiling and only 100 degrees Celsius between freezing and boiling.  The Celsius degree is almost twice as big as the Fahrenheit degree.

     You will learn the formula for converting Fahrenheit to Celsius in your math class, however, in science class, it is useful to use the following comparison chart to help you know whether something is hot or cold:

	0o C
	Water freezes
	32o F

	10o C
	
	50o F

	20o C
	
	68o F

	22o C
	Room temperature
	72 o F

	30o C
	
	86o F

	37o C
	Body temperature
	98.6o F


As you can see, the abbreviations for Fahrenheit and Celsius are listed in upper case letters.  For every ten degrees that the Celsius temperature increases, Fahrenheit increases by 18.  There are two common temperatures which will help you get a feeling for the Celsius scale:  body temperature is exactly 37 degrees Celsius, while room temperature is around 22 degrees Celsius.

The device used to determine temperature, is the thermometer.  The markings are usually every five degrees.  You can measure only to whole degrees at first.  As you get better at using the thermometer, you might want to estimate to the .5 mark, but only if you can see that the liquid is between two whole degrees such as 3 and 4.  
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Look at the thermometer that has been given to you.  Hold it in your hand and measure your skin temperature.  

Write the answer in your Science Notebook

Why isn't it 'body temperature" (37 degrees Celsius) ?  

You will be given a beaker of water.  Measure its temperature and write the result in your Science Notebook.
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     One of the difficult concepts to understand in science is that of mass.  We all know what "weight" is and we have all used scales to find our weight.  We also know that gravity on earth determines how much we weigh because when we go to the moon, we would weight 1/6 what we weigh on earth.  This is because, the moon's gravitational pull is 1/6 that of earth.

     Mass is defined as "the amount of matter in an object."  It is based upon the number of molecules or particles inside something and how massive each molecule is.  Your mass is the same on the moon as it is in earth because you would not have lost any particles or molecules when you traveled to the moon.

     The base unit of measure for mass is the gram.    This is quite a small unit.  A normal paper clip has a mass of about one gram.  454 grams equal one pound.  The normal unit of measure for mass is the kilogram which is abbreviated kg.

     We call the device that is used to measure mass, a "balance." The particular type of balance which we have at school is called a "triple beam balance" because it has three rails.  There are also electronic balances available.
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     The balance above is similar to those that we will use in class.  

· The triple beam balance is used to measure masses very precisely; the reading error is 0.05 gram. 

· With the pan empty, move the three sliders on the three beams to their leftmost positions, so that the balance reads zero. If the indicator on the far right is not aligned with the fixed mark, then calibrate the balance by turning the set screw on the left under the pan. 

· Once the balance has been calibrated, place the object to be measured on the left pan. 

· Move the 100 gram slider along the beam to the right until the indicator drops below the fixed mark. The notched position immediately to the left of this point indicates the number of hundreds of grams. 

· Now move the 10 gram slider along the beam to the right until the indicator drops below the fixed mark. The notched position immediately to the left of this point indicates the number of tens of grams. 

· The beam in front is not notched; the slider can move anywhere along the beam. The boldface numbers on this beam are grams and the tick marks between the boldface numbers indicate tenths of grams. 

· To find the mass of the object on the pan, simple add the numbers from the three beams. 

· As with a ruler, it is possible to read the front scale to the nearest half tick mark. 
       Before beginning to take the mass of an object, you must zero out your balance.  Press lightly on the measuring pan and then release.  Watch the needle move back and forth.  Does it settle on the zero in the middle?  If not, then you must look for the small set screw at the left side of the balance and rotate it until you have zeroed out the pointer.

       You are now ready to mass the set of small objects which are placed on your lab table.  Compare your measurement with the other students sitting with you.

       Copy the table shown below into your Science Notebook.  Where it says, "name 1," you are to put your name.  Put the names of your classmates who share the table with you into the other columns.  Where it says, "object 1" you are to put the name of the object which you are massing.  Do you all agree on the masses you have measured?  

	Object
	Name 1
	Name 2
	Name 3

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	


Since the gram is such a small unit, we usually see the mass of objects expressed in kilograms (1,000 grams = 1 kilogram).  One kilogram, on earth, has a weight of 2.2 pounds:
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Use your calculator to find your mass in kg  (divide your weight by 2.2 pounds/kg).  Write the result in your science notebook.

     In medicine, it is customary to use units smaller than one gram when prescribing medicine.  When you buy most medicines, the size is marked on the label in milligrams.  One milligram is 1/1,000 of a gram:
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VOLUME OF LIQUIDS

      Volume may be defined as the "amount of space which an object takes up."

We can easily measure the volume of solids and liquids.  Gases are more difficult to measure since they may be easily compressed into a smaller volume.  The standard unit for volume is the Liter.   One liter is about the same size as a quart.  Actually, the liter is slightly larger as you can see by this comparison one Liter equals 1.06 quarts):
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       Most of our measurement will be done using the smallest unit for volume, the millileter (mL).    Note, that in the abbreviation, the L is always capitalized for Liter.  As you can tell from the prefix, there are 1,000 milliliters in a liter.  We measure liquid volume by using a tall glass device called a graduated cylinder.
     Look at the graduated cylinder at your desk.  Note the graduations on the side of the cylinder.  The smallest unit is the ml.
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     Pour some water into your graduate.  Note that the water is higher at the sides of the graduate than in the middle.  This shape is called the meniscus.  It is defined as "the bowl shaped depression which is seen in water in a narrow tube."  It is due to the tendency of the water to stick to the sides of the tube.
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     When measuring volume, you must have your eye parallel to the top of the water and you should look at the bottom of the meniscus in order to measure accurately.

     Read the level of water in your graduated cylinder and record this information in your Science Notebook.  Ask the classmates sitting at your table to do the same to compare your accuracy.

     Note:  Many of the pieces of glassware we will use in our labs this year have mL markings on the side.  These are to be used for general measurements only.  As you can see by the markings on the side of the beaker shown below, the measurement increases by 20 mL for each line:  
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How much liquid do you think is in this beaker?        

Is there a meniscus present in the beaker?

VOLUME OF RECTANGULAR SOLIDS
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     You have already learned how to measure length.  In this section, you will use this skill to measure all of the sides of a rectangular solid to determine the volume it occupies.  You need to know three different measurements of a rectangular (block like) solid:  they are length,  width and height.

     Take one of the blocks that are on your lab bench together with a metric ruler.  Measure the length, the width and the height in centimeters just as you did when measuring length alone.  Record this data in your Science Notebook. 

     Use your calculator to multiply length times width times height.  Record this number in your notebook.  Since your individual lengths have been recorded to the nearest millimeter (tenth of a centimeter) your final answer will have many decimal places in it.  Round out to the nearest tenth.  Label the result, "cubic centimeters."  This may be abbreviated cm3
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length

V  =  l   x   w   x   h   =   cm3

       Before we begin our discussion of how to measure the volume of irregular solids, we need the help of a famous Greek scientist, Archimedes.   Read the following story before you learn about the displacement method.



Archimedes was a great scientist who lived more than 2000 years ago in a Greek city called Syracuse.  He was very clever at inventing and figuring out how things worked, so the king at that time, King Hiero, needed his help many   







times.


     Once, King Hiero had a goldsmith make him a new crown.  He gave the goldsmith lots of gold to make a big, beautiful crown.  

     The goldsmith made it shaped like a beautiful ring of gold leaves. But King Hiero told Archi- medes that he was worried.  He did not trust the goldsmith.  The goldsmith could have kept some of the gold for himself and mixed something else in with the rest of the gold to trick him.  In this way, the crown would not be pure gold.

When the goldsmith was done, King Hiero had a beautiful new gold crown.  But was it really all gold?  He wondered and wondered.  He could find out by having the crown  melted to see what it was made of, but then he would have ruined the crown and would have to have it made all over again.  Maybe the goldsmith would steal some of the gold when he made it the second time.  The king needed someone clever like Archimedes to help him.

Archimedes wanted to help the King.  King Hiero should have a gold crown made entirely of gold!  If the goldsmith was a thief, he should go to jail!  But could he find out without ruining the        crown?


Archimedes was so busy thinking about the puzzle that he didn't pay very much attention to what he was doing when he was filling up his bathtub that night.  When he got in to take a bath, water spilled all over the floor.

Now the thing that made Archimedes such a great scientist was that he always wondered about things.  He thought, "I wonder why the water spilled out when I got in?"    Obviously, there wasn't enough room in the tub for him and all that water.

So how much water had to spill out?  Archimedes took his bath toys and did some experiments.  The bigger something was, the more water spilled out.  So even if a bath toy had a very unusual shape, he could tell how big it was by how much water spilled out.

[NOTE:  In science, we say that the toy "displaced" or pushed aside this water.  The amount of water displaced is equal to the volume of the toy.]

Archimedes noticed that some things that were big were very light and floated, but some things that were small were very heavy and sank.

Archimedes called how heavy something was compared to how big it was the density.  Everything had different densities.  Things like rocks that had more density sank.  Things like rubber ducky and Allie Alligator had less density and floated.  Rubber ducky was lighter than rocks.  He needed to find pretty small rocks for them to be smaller than rubber ducky.

Suddenly, Arhimedes knew how to find out if the crown was real gold.  He was so excited that he shouted "Eureka!" This is Greek for "I found it!"  He got up and went running through the streets of Syracuse shouting "Eureka! Eureka!  Eu-reka!"  

Archimedes was so excited that when he got out of the bath, he forgot he wasn't wearing any clothes!

Archimedes ran to King Hiero and announced that he could solve the crown puzzle.  King Hiero said, "That's great, but first put on some clothes!"


After getting dressed, Archimedes explained to the King how to decide if the crown was pure gold without ruining it.  First he put the crown in a bowl of water and drew a line where the top of the water was.  Then he took out the crown and put in enough pure gold coins until the water reached the line again.

Now Archimedes knew he had a pile of pure gold that was the same volume as the crown.  If the crown were pure gold, then it must be the same density as pure gold.  So, if the crown were pure, it would be exactly as heavy as the pile of coins. The crown and the coins would balance each other out on a scale.

They put the crown on one side of a scale and the coins on the other and guess what happened?

Now they knew the truth about the crown.

King Hiero was happy.

Archimedes was happy.

EVERYBODY WAS HAPPY!

Oh well, almost everybody was happy!

 Adapted from Eureka Stories, "Archimedes and the Crown,"  Craigen, Doug and Otter, Ken;  http://www.escape.ca/~dcc./eureka/crown/index.html, 1997



As you saw in the story about King Hiero's crown, the volume of a substance may be determined by dropping it in water and measuring the amount of water which is pushed out of the way.  This is called the "displacement method," because the water is pushed out of the way or "displaced."


To measure the volume of an irregular object, we need both a graduated cylinder and an overflow can. 
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With the help of your teammates, you are to fill the overflow can to the very top.  Place it in the plastic tray on your lab table and allow any excess water to drip out.


Place a graduated cylinder below the spout at an angle and get ready to catch any water that spills over.


Drop the irregular shaped object into the overflow can and catch all of the water that spills out.  Read this volume on your graduated cylinder.  This presents the volume of the object in mL.


Now that you have read the story of Archimedes and the crown, you understand that objects with the same volume do not necessarily have the same weight or mass.  Heavier objects have more material in them than lighter objects and therefore their mass is greater for the same volume.


By dividing the mass by the volume, we may determine a number that we can use to compare the "heaviness" or density of all objects.  This number is the density and it is defined as "the amount of material in an object per unit of volume.  Objects with higher density sink in objects of lower density.  Objects with lower density float in objects of higher density."  

In the short lab for volume, we noticed that the density of water is 1 gram per cubic centimeter.  By comparing the density of different objects to the density of water we can predict whether they will float or not.

In order to calculate the density of an object, you must first measure its volume and then measure its mass.  By dividing mass by volume, you will arrive at density.  Density is expressed as grams per milliliter (g / mL) for liquids or grams per cubic centimeter (g / cm3) for solids.






We have already found out that mass tells us how much "stuff" or material is in an object.  We know that mass is not dependent on gravity and that your mass is the same throughout the universe.


On the other hand, your weight will vary depending upon the pull of gravity.  We define "weight" as the "affect of gravity on the mass of an object.  It will vary depending upon the gravitational pull."


The metric unit of measure for weight is the Newton (N), it too is abbreviated with a capitol letter.  Obviously, it was named for the famous British scientist, Sir Isaac Newton.


The scientific instrument used to determine weight is called a Spring Scale.
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The spring scale is very easy to use:  the object to be weighed is fastened onto the hook while you hold the spring scale with your other hand.  You read the scale directly in Newtons.  Be careful, the scale will also have a reading in "grams."  As you know, grams represent the mass of something while weight represents the effect of gravity on this mass.  When you are asked to measure the weight of an object, you must write the unit as Newtons  (N).


	meter
	
	Base unit of length in the metric system.  It is equal to 39.37 inches.

	kilometer
	
	Unit of long distance in the metric system.  It is equal to 0.64 miles.

	centimeter
	
	Small unit of metric length.  It is equal to about 1/2 inch.

	millimeter
	
	Smallest customary unit of length in the metric system.  It is 1/1,000 of a meter.

	base unit
	
	That part of metric measurement which tells us whether we are measuring length, volume etc.

	metric prefix
	
	That part of metric measurement which tells us how large or how small the base unit is.

	length
	
	Distance between two points.

	mass
	
	How much material is in a substance.  It is the same on earth as on the moon.

	weight
	
	How much gravity is pulling on the mass of an object.  It is less on the moon than on earth because the moon has less gravity.

	volume
	
	How much space an object takes up.

	Irregular object
	
	An object that has no special shape.

	rectangular (regular) object
	
	An object that has all square corners like a stick of butter or dice.

	displace
	
	To push or move out of the way

	centi-
	
	Metric prefix for 1/100

	milli-
	
	Metric prefix for 1/1,000

	deci-
	
	Metric prefix for 1/10

	kilo
	
	Metric prefix for 1,000 times (1,000x)

	deka
	
	Metric prefix for 10 times (10x)


	temperature
	
	A measure of the average amount of heat in a substance.

	density
	
	A measure of how close the particles that make up a substance are to each.

	triple beam balance
	
	A device used to measure mass

	graduated cylinder
	
	A device used to measure liquid volume

	metric ruler
	
	A device used to measure length in cm

	beaker
	
	A piece of chemical glassware with a lip.  It is used to measure large amounts of liquids

	overflow cup
	
	A device used to measure the amount of water displaced by an irregular object

	Celsius
	
	The metric temperature scale

	Fahrenheit
	
	The British measure temperature scale

	Degree
	
	The base unit to measure temperature

	particle
	
	The smallest part of an object

	milligram
	
	1/1,000 of a gram

	milliliter
	
	1/1,000 of a liter

	Liter
	
	1,000 milliliters

	
	
	

	
	
	

	
	
	


NOTE:  Density for liquids if g/mL


	Density for solids is g/cm3
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Volume equals 
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