PAP Physics - Notes Ch. 1 – Scientific Measurement
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What is Physics?  Physics is the study of matter and energy and their relationships.  It is the study of the basic physical laws of nature which are often stated in simple mathematical equations.  Physics is about learning the rules of nature.  Once you know the rules that govern something it is easier to appreciate that thing…like a sport - you appreciate the game more when you know the rules.

Scientific Method 

· The scientific method is a logical approach to understanding natural phenomena.  The scientific method requires empirical data with verification through repeatable experiments in order to eliminate many of the errors made by humans before the standards of the scientific method were established.  It is human nature to want to understand the world around them – how and why nature works the way it does.  Many discoveries about how nature works are made purely by chance, BUT even then - the discovery is the result of making careful observations (noticing everything) and recording the observations for further analysis and thought.  You should note the difference between an observation and an inference.  

For Example:  As you watch the afternoon football practice, each group of players goes to the water fountain in turn.   If you said that “The players are thirsty” would that be an observation or an inference?

An inference is usually a result of observations done and can often be turned into a hypothesis and then tested.
It is important that when an experiment is designed to test a question or hypothesis, the experiment MUST have only ONE experimental variable (characteristic that changes due to a designed change in another variable).  If the other possible variables are not kept constant (controlled), there is no way to show that the observation is due to the variable being tested. 
· Qualitative Data – observations that just describe the system in the experiment using words without numbers or measurements.  (general behavior, color, texture, position, direction)

· Quantitative Data – observations that describe the system numerically (using measurements of size, mass, length, speed, how many, etc)

The Role of Units in Problem Solving
· All physical quantities have units so that we can communicate their measurement. In the metric system, the base (fundamental) units are called SI units. The base SI units for the fundamental quantities of mass, length, and time are the kilogram, meter, and second, respectively. Any unit which is a combination of these fundamental units is called a derived unit. An example of a derived unit would be meters/second or kilometers/hour, which are both units for speed.  Sometimes we will need to convert from one unit to another. 

Example:  Convert 80.0 km/h to m/s. 
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· Know the value for these Common Metric prefixes – (see formula sheet or p.12 in Text)



pico (p)



Tera (T)



nano (n)



Giga (G)



micro (µ)


Mega (M)



milli (m)



kilo (k)



centi (c)

Dimensional Analysis

· Often you will need to be able to determine the validity of equations by analyzing the dimensions of the quantities involved. Dimensional analysis can be used to solve and/or check many types of problems.  Only measurements with the same units can be added or subtracted.  Measurements with different units can be multiplied or divided with the answer having the proper combination of units.  
Example:  Verify that the equation below is valid by using dimensional analysis.
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where F is force measured in Newtons, t is time in seconds, m is mass in kg, and v is speed in m/s.

We will show later that a Newton = 
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. Thus the units for each side of the equation can be written 
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The unit 
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 is a unit of momentum or impulse, and will be discussed further in Chapter 6. 

Example: Determine the units of the quantity described by the following combinations of units:

a. kg (m/s) (1/s)                                                                                   b. (kg/s) (m/s2)

c. (kg/s) (m/s)2                                                                                    d. (kg/s) (m/s)

Measurements in Experiments

· Precision refers to how closely repeated measurements or observations come to duplicating measured or observed values.  Accuracy refers to how close a measurement comes to the “true” or accepted value.  For example, an analytical balance is more precise than your bathroom scale, but if the analytical balance is not calibrated correctly, your bathroom scale may be more accurate.  Accuracy can be improved by calibrating the measuring device.  Precision can NOT.
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Example:  The following students measure the density of a piece of lead three times.  The density of lead is actually 11.34 g/cm3. Considering all of the results, which person’s results were accurate?                 Which were precise?                 Were any both accurate and precise?                    
a. Rachel: 11.32 g/cm3, 11.35 g/cm3, 11.33 g/cm3
b. Daniel: 11.43 g/cm3, 11.44 g/cm3, 11.42 g/cm3
c. Leah: 11.55 g/cm3, 11.34 g/cm3, 11.04 g/cm3
· Significant digits are reliable digits reported in a measurement.  The number of significant digits used in writing a measurement depends upon the precision of the measuring device (tools used for measurement have limitations on how precisely they can reliably measure).  The number of significant digits reported in a measurement or calculation must not imply more precision than what was used to make the measurements or calculations.  When physicists report findings to the scientific community, they need rules about how precision can be understood by others…this is why we must learn and follow the rules for significant digits!  All numbers directly readable from the instrument used PLUS one estimated digit are all significant.
~Zeros used solely for showing the position of the decimal point are not significant.  
· Rules for significant digits

· Which digits are significant in a measurement?  The digits in a measurement that are considered significant are all  digits that represent marked calibrations on the measuring device plus one additional digit to represent the estimated digit (tenths of the smallest calibration).


· Rules for zeros:
The zero digit is used somewhat uniquely in writing measurements.  A zero might be used either as an indication of uncertainty or simply as a place holder. For example, the distance from the earth to the sun is commonly given as 1,500,000,000 km. The zeroes in this measurement are not intended to indicate that the distance is precise to the nearest km, rather these zeroes are being used as place holders.  The number only has two significant digits.
1. All non-zero digits in a measurement are considered to be significant.
2. Zeroes are significant if bounded by non-zero digits; e.g., the measurement 4003 m has four significant 
                      figures.
3. If a decimal point is expressed, all zeroes following non-zero digits are significant; e.g., the measurement    

                      30.00 kg has four significant figures.

4. If a decimal point is not explicitly expressed, zeroes following the last non-zero digit are not significant, 
                      they are place holders only; e.g., the measurement 160 N has two significant figures.

5. Zeroes preceding the first non-zero digit are not significant, they are place holders only; e.g., the 
        measurement 0.00610m has three significant figures.
· Rules for addition and subtraction with significant figures:

1. Change the units of all measurements, if necessary, so that all measurements are expressed in the same units (kilograms, meters, degrees Celsius, etc.).

2. The sum or difference of measurements may have no more decimal places than the least number of places in any measurement.

For example:

   11.44 m

     5.00 m

   


     0.11 m

+ 13.2   m

   29.750 m
· When multiplying or dividing, the number of significant figures retained may not exceed the least number of digits in either of the factors.
1. Example:  0.304 cm x 73.84168 cm.  The calculator displays 22.447871.  A more reasonable answer is 22.4 cm 2.  This product has only three significant figures because one of the factors (0.304 cm) has only three significant figures, therefore the product can have only three.

2. Another example:  0.1700 g ÷ 8.50 L.  The calculator display of 0.02 g/L, while numerically correct, leaves the impression that the answer is not known with much certainty.  Expressing the density as 0.0200 g/L shows the reader that very precise measurements were made.

Example:  Perform these calculations, following the rules for significant figures.

a. 26 cm × 0.02584  cm  = ?
b. 15.3 m3 ÷ 1.1 m = ?
c. 782.45 kg − 3.5328 kg = ?
d. 63.258 nm  + 734.2 nm = ?
Plotting Graphs 
· These conventions should be followed for all graphs in this course.  
· Identify the independent and dependent variables.  The independent variable (the one controlled by the experimenter) is plotted on the X axis (unless specifically told otherwise for a particular situation) and the dependent variable (the one that responds to changes in the independent variable)  is on Y axis.
· Determine an appropriate range for the data points.  Let each space on the graph stand for a convenient unit and make sure the scale is uniform.

· Determine if the origin (0,0) is a valid data point and include the origin if it is a valid data point.
· Draw best straight line or smooth curve to fit the data points; if slope of a line is to be calculated, use two points from the line that are NOT two of the original data points
Graphical relationships

· Linear relationship—straight line; y is directly proportional to x and as one of them increases, the other does by the same ratio.  The equation for a straight line is:

y = mx+b
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· Quadratic relationship—parabola; y is proportional to the square of x;   y=kx2                                                                                              [image: image9.wmf]y

x

           OR --  y2 is proportional to x;   y2 = kx  [image: image10.wmf]y
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                    y=kx2                           
 where k is constant in both cases.

    y2 = kx  
· Inverse relationship—hyperbola; y is inversely proportional to x, so as one of them increases the other decreases


xy=k  or y=k/x  and k is the constant   
                                                             [image: image11.wmf]y

x


The Graphical Methods summary on the next page reminds you what you can do in order to make the data become linear (called linearization) depending on what the original graph looks like.  Once you have a linear graph, slope and the y-intercept can be calculated to write an equation that fits the data.  

Graphical Methods-Summary

A graph is one of the most effective representations of the relationship between two variables.  The independent variable (one controlled by the experimenter) is usually placed on the x-axis.  The dependent variable (one that responds to changes in the independent variable) is usually placed on the y-axis.  It is important for you to be able interpret a graphical relationship and express it in a written statement and by means of an algebraic expression.

	Graph shape
	Written relationship
	Modification required to linearize graph
	Algebraic representation
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	As x  increases, y  remains the same.  There is no relationship between the variables.
	None
	
 EMBED "Equation.2" \* mergeformat  

, or

y  is constant
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	As x  increases, y  increases proportionally.

Y is directly proportional to x.
	None
	
 EMBED "Equation.2" \* mergeformat  
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	As x  increases, y  decreases.

Y is inversely proportional 

to x.
	Graph  

, or
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	Y is proportional to the square of x.
	Graph  y   vs  x2
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	The square of y  is proportional to x.
	Graph  y2  vs  x
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When you are asked to state the relationship between two variables as determined by what the curve (even lines on graphs are called curves) looks like when the data is graphed correctly, you should answer with a proportionality statement.  For example:   “y is proportional to 1/x.”
Since the last measurement (13.2 m) is expressed to only one decimal place, the sum may be expressed to only one decimal place. Thus 29.750 m is rounded to 29.8 m.





Fundamental SI units


time—second (s)


length—meter (m)


mass—kilogram (kg)


temperature–kelvin (K)


electric current—ampere (A)


amount of substance—mole (mol)
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