   MEASUREMENT

In the world of science and in most countries the metric system is the measurement in use.  It allows for consistency and ease of converting one measurement to another and from one related measurement to another.  The International System of Units (SI) was adopted to provide a more orderly and universal quantitative measurement. Familiarize yourself with the most commonly used metric reference units.  

Tb. 1-1             The International System of Units (SI Units)
  Metric reference units commonly used

   Length  - 
meters, area (m2)    


       
  meters

   Volume - 
cubic meter (m3 )     


                 liters, cubic centimeters (cm3, cc)    

   Mass  -
kilograms     


    
                 gram

   Temperature  -  
Kelvin  



     
                 Celsius 

The common prefix, symbols and reference units used in the metric system are:

Tb 1-2    Greek prefix: 



Base Unit
        Latin prefix: 


giga (G)  mega (M)    kilo (k)     hecto (h)    deka (da)    m/l/g   deci (d)    centi (c)    milli (m)   micro (()   nano (n)    pico (p)    

  109          106             103             102                     101              10 0           10-1           10-2            10-3           10-6             10-9           10-12
     
A prefix placed in front of a base unit converts one metric measurement to another unit.  The metric system is based on multiple and fractional units of 10.  The prefix value is expressed numerically with a base 10 and a positive or negative exponent.    Example:

    A kilo- meter is 103 meter, 10 x 10 x 10 or 1000 meter.    

           1 kilometer = 1,000 meter or 0.001km = 1m

    A milli- meter is 10-3 meter, 1/10 x 1/10 x 1/10, or 1/1000th or, 0.001meter.   1millimeter = 0.001 meter or 1000mm = 1m

When writing a measurement it is important that you always include the unit of measure.
Moving decimals

Refer to Table 1-2 starting at the base unit meter.  A centimeter is two spaces to the right of the base unit meter; therefore move the decimal two spaces to the right.   2.7m = 270cm.  A kilometer is three spaces to the left of the base unit meter; therefore move the decimal three spaces to the left.  3m = 0.003km.   Each space the decimal moves to the right increases the number 10 times.  If the decimal moves to the left the number decreases 10 times.  Notice as the prefix changes so does the decimal place and vice versa.

How many meters are there in 44mm?  ________   How many micrometers are there in 52millimeter? ___________

32km =______________dm           2.6pm = ______________(m               5.48Mm = _______________hm

Scientific Notation

Convert a value into scientific notation by moving the decimal in the direction that will make the value greater than or equal to one but less than ten.  The direction and the number of places a decimal moves is expressed as a positive or negative exponent of base 10.  

Example:   253cm = 2.53 x 102cm.  An understood decimal follows all whole numbers.   If we must moved a decimal two places to the left to achieve a value greater than or equal to one but less than ten, the new value has decreased 100 times.  Therefore, by multiplying 2.53 by 100 our value remains the same.  2.53 x 100cm or 2.53 x 102cm equals the original 253cm.

Check your answer by asking the question, did the original number decrease when the decimal was moved?  If so, compensate for this reduction by multiplying with a large number; therefore, the exponent should be positive.

Given the numbers 0.0253cm.  What is the base and exponent if the decimal moved two places to the right? 

0.0253cm = 2.53 x ___________cm  

Check your answer.  Has the original number increased or decreased?   Should the exponent be positive or negative? 

Our new value is larger; therefore, the exponent is negative.

732km = _________________      26pm = _____________________     0.00548hm = _____________________ 

Dimensional Analysis       

Dimensional analysis is a form of conversion where equivalence is used to cancel unwanted units.  

Example:  3.4cm = _______hm    Identify measurements that are equal and have a relationship to the problem, for instance,

1m = 100cm and 1m = 0.01hm.  If two things are equal and are set up as a fraction, any number multiplied by the fraction will maintain the same value.  

For instance 3.4cm  x  2   x   102    x   1week   =     3.4 cm x   2  x  100  x  7 days     =   3.4 cm x 1 x 1 x 1  =   3.4cm


       2        100        7 days
                         2      100      7 days

Arrange two values that are equal into a fraction.  Place unites in position where reduction will eliminate like units.

Continue this process until you are satisfied with the final unit.

    

.

       3.4cm x  ( 1m )  x   (0.01hm) = 3.4 x 0.01hm = 0.00034hm

1m =  100cm or 102 cm

       100cm         ( 1m )
    100


1m = 0.01hm or 10-2hm

      3.4cm x  (   1m  )  x  (10-2hm)  =  3.4 x 10-2-2hm   = 3.4 x 10-4 hm  =  0.00034hm

      (102 cm)       ( 1m )
     1

Convert the following by dimensional analysis.  Refer to Table 1-2 or use your ruler for visual help in gaining perspective.  

2.54 cm = 1 inch     


 

12 inches = 1 foot          
13.6mm = ______________ ft      

5,280 feet = 1 mile 
 

60 seconds = 1 minute   
How many megaseconds are in 2 week? ________________ 

60 minutes = 1 hour   

24 hours  = 1 day

Nolan Ryann’s fastball covers 60ft in 0.45seconds. How fast is this in miles per hour?__________

Length is the measurement of a real or imaginary line extending from one point to another.  The standard unit is meter.   

Look at the ruler on your table.  A meter ruler is divided by 1000 little lines.  Each space is therefore, 1/1000 of the whole meter stick.  A milli- meter is 1/1000 of a meter or 10-3.  Each line on your ruler marks a millimeter (mm).  10mm is equal to 1 centimeter (cm), 10cm is equal to 1decimeter (dm), 10dm is equivalent to 1 meter.  Compare this information to Tb. 1-2

Measure the width, length, and depth of the sink in your table top.      

Width _________cm = _________m       Length _________ cm = __________km       Depth _________cm = _________mm

Area = length x width     What is the area over the top of the sink? ____________

Calculate the solid surface area of your table top? (exclude the hole for the sink) _________

Volume is the space an object occupies.  Volume calculated through linear measurements are length x width x height.

(l x w x h).  Example:  The volume a container 1cm tall, 1cm wide and 1cm deep has a volume of 1cm3 or 1cc. 

Calculate the volume of water the sink at your table will hold.  __________ cm3   

Several types of apparatus commonly used for calculating volume are on your table.  Familiarize yourself with beakers, graduated cylinders, Erlenmeyer flasks, different types of pipet and pipet filling devices.  

Fluid placed in a container does not always form a straight easy line to read.  This boundary between fluid and air forming a concave appearance due to several properties of water is called a meniscus.

The polarity of water causes the adhesion of water to the walls of the container.  Hydrogen bond between water molecules and its cohesive property pulls water up the sides of the container.  This adhesive and cohesive property forms a water column; however, the sag in the center is due to the heavy weight of the column of water.  Always read the lowest point of the meniscus.  If a thermometer is available compare the meniscus produced by mercury.  The set up on the side counter should prepare you for your test.  Determine the volume in each of the containers and check your answers.  

The volume of solids can be determined by water displacement.  Place 50ml of water into a 100ml graduated cylinder. Obtain a solid object from your instructor and place it into the water.  The increase in the fluid level is the displacement of water due to the volume of the object.  Volume = _______Check your answer with other students on your table. 

Mass is the quantity of material in an object. Although we tend to use the term mass and weight interchangeably it is not always equal.  Weight is the force exerted by gravity on an object.   The use of a laboratory balance eliminates the effect of gravity by comparing the mass of pre-measured weights to the object in question.

The triple beam balance gets its name from the three horizontal beams.  Move all the suspended weights to the far left.  The balance marks on the far right should line up; if they don’t, turn the adjustment knob located on the left.   

Place a beaker on the balance.  Start on the middle beam with graduating increments of 100g, then the beam with 10g increments.   Move the weights one at a time until the arm with the balance mark drops below the stationary marker.  Place the weight back one notch, locking it into position.  Lastly, move the metal arrow on the front beam with 0.1g graduations over until the balance markers line up.  Add the mass indicated by the three weights.  

What is the mass of your beaker _______g

Add a small amount of water to your beaker and find its mass.   Do not throw your water out.
Calculate the mass of the water in your beaker.  __________g.  Does your answer match the others at your table.  

Take the water from your beaker and empty it into a 100ml graduated cylinder.  Read the meniscus. __________ml

 Is the volume of water in milliliters approximately the same as the grams of water you have calculated?  

The International Bureau of Weights and Measures in France defines the equivalence of pure water at approximately 4oC as 1g = 1ml = 1cm3.  This relationship between mass, length and volume allows for converting from one metric measurement of water to another.  Convert the following through dimensional analysis.

150cm3 of water=________ml           37ml of water=  ___________kg          82L of water= ___________g

Density, the quantity of material in an object is expressed as mass per unit volume or Density = Mass / Volume. 

Since 1ml of water has a mass of 1g, the density of water would be 1g/ml or 1g/cm3.  Not all material has the relationship 

1g = 1ml = 1cm3.    This only applies to water.   

Weigh the object used in the volume water displacement lab and calculate the density of the object.  Density = ___________

Find density if volume is 3.6ml and the mass of the object is 9.1g. ________

Calculate mass if density is 11.3g per ml and the volume of the object is  6ml.  ________

Determine the volume of the object if density is 19.3g/ml and the mass of the object is 6g. _________

How many grams are in 2.5ml of gold if you knew that gold has a density of 19.3g/ml? _____________

Temperature is measured quantitatively through the use of a thermometer.  In lab we will refer to temperature in degree Celsius with a freezing point of 0 oC and the boiling point at 100 oC.  The scale is divided into 100 spaces, thus the term Centigrade is sometimes used in place of Celsius.  In the United States temperature is identified as degree Fahrenheit.  The freezing point is 32 oF and the boiling point is 212 oF.  Both the Celsius and Fahrenheit scales were derived through experiments with water at a specific altitude.  In Dallas we are approximately 800 ft above sea level; therefore, the difference in altitude will affect temperature.  Memorize the following formulas for temperature conversion.     

 oC = 5/9 (oF - 32 o)

 oF =  9/5 oC + 32 o     Convert the following:  27oC = __________ oF               82 oF = _________ oC

The SI unit of temperature is the Kelvin (K).  Scientific work uses this absolute temperature scale, which has been derived from the observed behavior of all matter.  Conversion from Celsius to Kelvin is simple, merely add 273.15 to degree Celsius. 

Convert the two temperature above into Kelvin.     27oC = ________K
       82 oF = _________K


What is the temperature of tap water in Celsius? _____oC.  Convert your answer into Kelvin. ______K,  Fahrenheit______oF 

