Science, the Scientific Method, Measurements, and Uncertainties

OBJECTIVES:

1. State and use the scientific method to solve problems.

2. Compare and contrast hypothesis, theory, and natural law.

3. Name the prefixes used in SI along with the symbols for length, volume, mass, density, time, and temperature.
4. Identify the source and the amount of uncertainty in measurements.
5. Use the terms accuracy and precision to describe the reliability of measurements.

6. Identify random and systematic errors.

Science is a process that uses observation and investigation to gain knowledge about events in nature.  Chemistry is the science that investigates and explains the structure and properties of matter.  It is the study of all substances and the changes that they can undergo.  Chemists are problem solvers who follow a simple process called the scientific method.  There are actually many scientific methods, depending on the nature of the specific problems under study and on the particular investigator involved.  However, it is useful to consider the following general framework for a generic scientific method:

· Making observations.  
· Formulating hypotheses, which is a possible explanation for an observation.

· Performing experiments to test the hypothesis.  
A control is a standard for comparison.  In an experiment, a control shows that your result is related to the condition you’re testing and not some other condition.

A constant variable is a factor that does not vary in an experiment.  You want to keep this constant so you can be sure that the results a based on the thing that you are testing.

A hypothesis is a possible explanation for an observation and is tested through experimentation.  Once a set of hypotheses that agrees with the various observations is obtained, after many experimental procedures, the hypotheses are assembled into a theory.  A theory is a set of tested hypotheses that gives an overall explanation of some natural phenomenon.  It is an interpretation, or human invention, of observations made.  A possible explanation of why nature behaves in a particular way.  Because of this, theories may change once new information is available (Ex. our solar system).  

As scientists observe nature, they often see that the same observation applies to many different systems.  Such observations are formulated into a statement called a natural law.  Natural laws usually don’t have an explanation (Ex. gravity).

Therefore, a natural law is a summary of observed (measurable) behavior, and a theory is an explanation of behavior (law summarizes, theory explains).

Units of Measurement

The metric system is a standard for measurement when it comes to scientific work.  The International System, or SI, was developed bases on the metric system and is used by most scientists.

	Quantity Measured
	Unit
	Symbol

	Length
	meter
	m

	Mass
	kilogram
	kg

	Time
	second
	s

	Temperature
	Kelvin
	K

	Volume
	Liter or decimeter cubed
	dm3 (L)

	Density
	Grams per centimeter cubed
	g / cm3


	Prefix
	Symbol
	Multiplying Factor

	Mega
	M
	1 000 000

	Kilo-
	k
	1 000

	Deci-
	d
	0.1

	Centi-
	c
	0.01

	Milli-
	m
	0.001

	Micro-
	
	0.000 001

	Nano-
	n
	0.000 000 001

	Pico
	p
	0.000 000 000 001


Uncertainty in Measurement

All measurements have some degree of uncertainty, depending on the measuring device.  We use significant figures to show just how much uncertainty is present in our measurements.  This is done by recording the certain digits and the first of the uncertain digit (the estimated number).    

The reliability of measurements can be described by accuracy and precision.  Accuracy refers to the agreement of a particular value with the true value.  Ask yourself, how close am I to the true value?  If you take repeated measurements, your average value is likely to become accurate.  Precision refers to the degree of agreement among several measurements of the same quantity.  It represents the reproducibility of a given type of measurement.  Ask yourself, how close are my values to one another?

Accuracy and precision are two separate concepts. The classic illustration distinguishing the two is to consider a target or bullseye (we'll use arrows in this example). Arrows surrounding the bullseye indicate a high degree of accuracy; arrows very near to each other (possibly nowhere near the bullseye) indicate a high degree of precision. To be accurate an arrow must be near the target; to be precise successive arrows must be near each other. Consistently hitting the very center of the bullseye indicates both accuracy and precision. 
	good precision & good accuracy 

poor accuracy but good precision
	
	good accuracy but poor precision 

poor precision & poor accuracy


Consider a digital scale. If you weigh the same empty beaker over and over and over again the scale will yield values with a high degree of precision (say 135.776 g, 135.775 g, 135.776 g). The actual mass of the beaker may be very different. Scales (and other instruments) need to be calibrated! Instruments typically provide very precise readings, but accuracy requires calibration. Thermometers are notoriously inaccurate, often requiring re-calibration several times over the lifetime of the instrument. Scales also require recalibration, especially if they are moved or mistreated. 

A random error meant that a measurement has an equal probability of being high or low.  The error could have come from almost any source.  High random errors result in non-accurate, imprecise results.  Some random error is present in a result when the numbers are accurate, but not precise.  This type of error occurs in estimating the value of the last digit of a measurement.  The second type of error is called systematic error.  This type of error occurs in the same direction each time – it is either too high or too low.  The error most likely will occur from the measuring equipment.  High systematic error occurs when the results maybe precise, but not accurate (all measurements are too high or too low).      

