Scientific Processes, Measurement, and Calculations
          Travis High School / Mrs. Paul

1. Measurement:  the process of quantifying: (assigning numbers) to phenomena. 
A. Metric system-used for measurement worldwide---
purpose---consistency of measurement---( ex of missing mars satellite)

Also called SI (system international)

2 major reasons why metric is used:

1. Easier--- based on multiples of 10

2. Accepted worldwide http://marsprogram.jpl.nasa.gov/msp98/news/mco990930.html
	B.          Measurement
	Unit
	Symbol

	  Mass (quantity or amount of matter in an object)

	grams
	g

	Length (distance between two points)
	Meter
	m

	Volume (amount of space an object occupies)
	Liter
	L

	Temperature (amount of energy in a substance)
	Celsius/ kelvin
	OC/ K

	Mole (amount of molecules/atoms)
	Mole
	mol

	Pressure
	Atmospheres,

mm of Hg,

torr,

Pascal
	atm

Pas

	Energy 
	Joules
	J

	Density
	g/ml or g/cm3
	D = m/V


C.    metric prefixes


Giga  Mega  Kilo  Hecta    Deca    unit  deci    centi    milli    micro   nano

109    106       103      102        101      100   10-1     10-2     10-3      10-6     10-9
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Give 2 real world examples of the importance of having measurements.  
 Is the metric system more accurate than other systems of measurement?

 Is it important to get measurements as close to the actual real value as possible?  

How would you know if you were getting measurements that were accurate?  

 From the discussion in class , determine the differences between each measurement quantity listed and explain why their existence is necessary to our everyday life.  

a.  Can an object have a large mass and a small volume?  Can an object have a small mass and a big volume?  
Give examples. 

b.   What would you think if someone gave you the distance to Galveston in inches?  

i. What would be a more appropriate measurement?

c.  What would you think if someone gave you the length of your pencil in kilometers?  

i. What measurement would be more appropriate?  

Imagine you are a scientist hired to compare the quality and characteristics of sand from 2 different beaches.  

a. What type of sample would you need to conduct your tests?  

b. Write 2-3 ideas how this compares to the measurement of MOLES.   

Explain why metric prefixes are needed:
2. Problem solving in Science:  

A. Dimensional analysis format:--conversion calculation from one type of unit to another. 
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Ex.  How many cm are in 1 yard?  Conversion Factors are needed.
3feet = 1 yard     1 foot = 12 in   2.54 cm = 1 inch
3. Analysis tools in Science:        
A.  Precision: how close measurements are to each other (darts on a board)

What is the measurement of this stick?   __________________
To what degree of precision does this metric ruler express __________
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B. Accuracy: how close are the values to the real true value (bull’s-eye) 
*There are many types of mathematical calculations and rules that help the experimenter determine how successful they were in making measurements. Here are just a few we will use in this class.      

1.  % error =   |known value - experimental value |   x 100
                                                    known value    
ex.  What was your percent error in your biology class last year with a semester average of 89?  

|100 – 89 |   x 100 =  11%  
     100
This data indicates that you mastered 89% of the content with 
11% error.  (This is good data; you can learn what is considered “good” and “bad” data if you take STATISTICS. (Which is a very interesting 
class!)                                               

Why do I need to have a problem solving method when I can just figure this problem out in my head?
 What are some everyday conversion factors that you may see in the grocery store? In sports competitions?  
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In a game of darts, you throw 15 darts total hitting the bulls-eye 6 times.  The other 9 darts are randomly placed throughout the board. 

What is your % error?  

How would you characterize your ability to throw darts overall considering the bulls-eye as the most accurate value? Include precision and accuracy in your answer. 
C. Significant figures / digits (SIG FIGS):  All measurements have a certain degree of uncertainty---this uncertainty is dependent upon the precision of the instrument you are using.  This leads us to the importance of significant figures. 

Rules for determining significant figures: 
1. Nonzero Integers: Nonzero integers always count as significant figures #1-9 (ex. 3 significant figures in the measurement 2.45 g)

2. Zeros: There are three classes of zeros. 



3. Exact Numbers and Constants: Numbers that are obtained by counting rather than measuring are assumed to have infinite significant figures. Numbers that are constants should not be considered for number of sig figs. (Ex. 1 inch= 2.54 centimeters, so that when 2.54 cm/in is used in a calculation, it will not limit the number of significant figures).
                       Using Significant Figures in Calculations: 
4. Multiplication and Division: The number of significant figures in the result is the same as the number in the least precise measurement.
Ex:   4.28 x 8.3 = 35.524 (Calculation answer) =  36 (SIG FIG answer) 

The limiting term (8.3) has only two significant digits therefore the answer should have no more than 2 significant digits. 
5. Addition and Subtraction: The result has the same number of decimal places as the least precise measurement used in the calculation. For example: 53.984 + 2.5 = 56.484 before correction; after correction, the result should be 56.5, since the limiting term has only one decimal place. 


Why are significant figures important in measurements that need lots of accuracy with precision? 
Consider your grade on your report card, what is the degree of precision that this number is reported?  Explain why?

What are some real world examples where the most accurate values would be needed?

How do you think scientists and engineers determine what is an acceptable amount of error?

Let’s pretend that you ask me (Mrs. Paul) how much it costs per person to eat at my favorite restaurant, Fogo De Chao. 

Give your thoughts on each type of answer I may give you as to the degree of precision / accuracy.  Explain your reasoning. Take a guess if you don’t know (
A. It’s pricey! 
B. The cost is reasonable for the food 
& service you receive. 
C. $50 per person

D. $50. Per person

E. $ 46.50 per person

Why do you think for Multiplication / Division we consider the significant DIGITS but for ADDING / SUBTRACTION we consider the significant DECIMALS? Hint:  think about the math involved to do each.  
D. Scientific notation: a shorthand method of expressing really large numbers or really small numbers in a way that is convenient.
         Rules / method for expressing numbers in scientific notation
1, Move the decimal until it reaches a non-zero number.
2, Place the decimal to the right of the non-zero number

3. Write “ x 10 “ after this number with the decimal. 

4. Express the # of times you moved the decimal as an exponent of 10.

5. If the decimal was moved to the left, (the original number is a large number) the exponent of ten is expressed as a positive #. 
Ex.  10,300,000  (    1. 0 3 0 0 0 0 0
ANSWER in Scientific Notation:  1.03 x 10 7
6. If the decimal was needed to be moved to the right to reach the first non-zero number (the original number is a small number), the exponent is expressed as a negative #.

            Ex.  0.000000103 (   0.0 0 0 0 0 0 1 03

ANSWER in Scientific Notation:  1.03 x 10 -7

There are 6.02 x 10 23 atoms in a mole.  Write this number out into standard notation here:  

Is this a really large number or a really small number?  

Why do you think this particular amount of atoms is required in a mole (chemical quantity)? 

How big is a MOLE?  FUNFACTS
1 mole of marshmallows would be enough marshmallows to make a 19 km (12 mi) thick layer of marshmallows covering the entire face of the Earth. 


1 mole of blood cells would be more than the total number of blood cells found in every human on earth.

 
1 mole of sheets of paper could form a million stacks from the surface of the earth extending past the sun. 


1 mole of pennies could be distributed to all the currently-living people of the world so that they could spend a million dollars per hour every hour (day and night) for the rest of their lives.
E. Graphs: mathematical picture used to express data collected from experimentation so that it is easier to read and interpret patterns and trends. 
                         Rules for graphing

1. Place the manipulated/independent variable (the one that was altered by the experimenter) on the x-axis. Ex. The height of a ramp

2. Place the responding/dependant variable (the results of that change) on the y-axis. Ex.  The speed of the toy car down the ramp. 
3.     Y scale = largest y value – smallest y value
                            # of lines on the y axis

4.     X scale = largest x value – smallest x value
                              # of lines on the  x axis
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5. Graphs should cover at least ¾ of the grid and be properly scaled; otherwise a false impression of the trend may occur.  
AVERAGE HOUSING PRICES FROM 1998 – 1999
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Graph the following data: 
                             Density for Aluminum at 20 0C

	Volume (ml)
	Mass (g)
	D= m
     V

	20.1


	54.4
	

	24.15


	65.7
	

	30.9


	83.5
	

	35.8


	97.2
	

	39.1


	105.7
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                         Helpful Information in Creating Graphs
6.  This “trick” may help you remember which variable is plotted on which axis when graphing.  

“DRY” = dependant / responding variable is graphed on the Y axis. 

“MIX” = manipulated / independent variable is graphed on the X axis. 

        “DRY”



                           “MIX”

7.  Types of Graphs you will use in Chemistry:  

       







Boyle’s Law (k = PV)
	Pressure (kPa)
	Volume (ml)
	k= PV

	100.33

	7.34
	

	102.2

	7.24
	

	103.93

	7.14
	

	105.27

	7.04
	

	107.4

	6.89
	

	108.47

	6.84
	

	109.4


	6.79
	

	111.14


	6.69
	

	112.2


	6.64
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4. Nature of Science:  
A.  Definition of Science: manmade pursuit to understand natural phenomena


                                                                                       

B. Science and how it relates to Technology:



                               .                                           

C.Scientific Methods: (JANE GOODALL article)
1. The Scientific Method:  Scientists use the scientific method to search for cause and effect relationships in nature.
· Ask a Question 
· Do Background Research 
· Construct a Hypothesis 
· Test Your Hypothesis by Doing an Experiment 
· Analyze Your Data and Draw a Conclusion 
· Communicate Your Results 
2. Many Other Methods: there are many ways to investigate natural phenomena not just the traditional scientific method.
·  Thought experiments (Einstein and Newton)

· Construct models to visualize what can’t be seen (DNA)

· Use observational studies and inquiry to find out more about the unknown. (Jane Goodall)
                  

Science MYTHS QUIZ :
Place a + if you agree and a – if you do not agree
1. Science is a system of beliefs about our natural world.

2.  Most scientists are men because males are better at “scientific” thinking.
3. Scientists rely heavily on imagination and creativity to carry out their work.
4. Scientists are totally objective in their work.
5. The scientific method is the only accepted guide for conducting research.
6. Experiments are carried out to prove only cause and effect relationships.
7.  All scientific ideas are discovered and tested by controlled experiments.

8. Sometimes research must be conducted first to write a clearly stated hypothesis.

9. When a theory has been supported by a great deal of scientific evidence, it becomes a law.
10.  Theories are tentative and can be modified or disproved, but never proved.
11. Technology preceded science in the history of civilization.
12.  In time, science can solve all of society’s problems.  

Read the provided article.  List some of the methods that Jane Goodall used.

Man made pursuit designed in an attempt to understand nature, explain that understanding, and apply it to society





To make products and systems for                                                                                                society or to benefit society. May or may not include a deep understanding of the science behind it and how it works.  


 Ex.  Cave men used fire--- did not understand combustion


Ex:  I use my cell phone but I don’t understand all of the science behind the mechanisms that make it work.   








Technology





Science





Observable events Explains phenomenon that are complex





  Usually has a math formula tied to it.


Ex: Gas Laws,


Law of Conservation of Mass,


Law of Gravity








A collection of facts, laws, and principles   supporting a larger idea. 


Ex. Atomic theory





Facts





Law





Theory
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Student Work








Inversely Proportional: as the value of one variable gets bigger, the value of another gets smaller, such that their product (the constant of proportionality) is always the same.    k = yx


Sample pairs from an inversely proportional graph: (1, 60) and ( 10, 6)


  k = (60)(1) = 60       k = (6)(10) = 60





                    �


 





Directly Proportional:  variables increase or decrease at the same rate. Two variables are said to be directly proportional if their ratio is a constant for all values of each variable. Thus when one variable is divided by the other, the answer is always a constant.   k = __y_


                                                                                           x


 Sample pairs from a directly proportional graph: (10, 20) and ( 5, 10)


  k = 20  = 2        k = 10  = 2


        10                      5





Leading zeros are zeros that precede all nonzero digits. They are never significant (i.e. 0.00057 has only two significant figures).





Captive zeros are zeros between non zero digits. They are always significant (i.e. 90.08 has four significant figures).





Trailing zeros are zeros at the right end of the number. They are significant only if the number contains a decimal point   


(ex.100 = one significant figure, but 1.00 x 102 = 3 significant figures). 








7        6    5    4    3     2    1





 1    2     3    4    5    6    7
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