SI Units of Measurement
Introduction

Estimating and measuring accurately using SI units is a skill that is used across the entire curriculum.  This practical skill is very broad as it can apply to time, mass, length, force, pressure, etc.  It applies across the entire curriculum because at the high school level students are asked to estimate or measure time in some context on a regular basis.  The broad nature of this practical skill has required me to focus on how it can be applied within a physics classroom for this assignment.  
The importance of this skill goes beyond the confines of the classroom walls.  Estimating and measuring accurately using SI units is a skill that students will use to help them accomplish many different tasks throughout the course of their lives.  In 1960, the International System of Units (SI) was agreed upon to establish a globally recognized system of measurement.  SI units are essentially a standardized form of the metric system.  In the years since its establishment, the SI system has become the language universally used in science as well as the dominant language of international commerce and trade.
My mandate as a physics teacher is to make physics fun and accessible to all students.  I feel that one of the ways to accomplish this is to incorporate another Cluster 0 learning outcome into my teaching, that of relating the historical development of scientific ideas and technology to the form and function of scientific knowledge today.  The importance of working with SI units could be demonstrated/presented by students attempting to take measurements of quantities such as length, mass, and time using methods such as hand spans, sundials, piggyback rides.  This activity would help to establish a sense of purpose for the establishment of SI units within the students and place them in a mindset where they are ready to absorb what this lesson has to teach.
Materials

· 4  similar books
· Newton scale (0-20 N)
· 1.5 meters of string tied in a loop
· Electronic balance
· stopwatch
Safety
The safety concerns for this activity are minimal.  An injury is only likely to occur if students begin to use the material for the activity as projectiles or battering rams.  Before the activity is initiated, it would be wise on the part of the teacher to remind the class that the materials they are given are only to be used for the purposes of the activity.
Curriculum Connections 

Estimating and measuring accurately using SI units has numerous curriculum connections.  My primary interest with regards to teaching is physics and so to narrow down the list of curriculum connections I have chosen to list only those associated with the dynamics topic in Physics 30S and Physics 40S. 
	S3P-3-09
	Perform an experiment to demonstrate Newton’s Second Law.



	S3P-3-10
	Define the unit of force as a Newton.



	S3P-3-13
	Solve problems, using Newton’s Second Law and the kinematics equations from S3P-3-07.

	S4P-1-04
	Solve vector problems for objects in equilibrium.


	S4P-1-05
	Calculate the forces acting on an object resting on an inclined plane.


	S4P-1-06
	Calculate the components of the force of gravity exerted on an object resting on an inclined plane.

	S4P-1-07
	Solve problems with the force of friction for objects on a horizontal surface and on an inclined plane.

	S4P-1-08
	Solve problems using FNET = ma where FNET = FAPPLIED + FFRICTION and using kinematics equations from above.

	S4P-1-09
	Perform an experiment to investigate forces acting on an object.



PART A

Units:
Physics experiments involve the measurement of a variety of quantities, and a great deal of effort goes into making these measurements as accurate and reproducible as possible.  The first step toward ensuring accuracy and reproducibility is defining the units in which the measurements are made.

Prior to the introduction of the metric system, it was common for units of length, land area, and weight to vary.  These units would not just vary from one country to another, but sometimes even from one region to another within the same country. As the modern nations were gradually assembled from smaller kingdoms and principalities, confusion simply multiplied. Merchants, scientists, and educated people realized that a uniform system was needed. 
Today all systems of weights and measures, metric and non-metric, are linked through a network of international agreements supporting the International System of Units. The International System is called the SI, using the first two initials of its French name Système International d'Unités. 
The metric system replaces all the traditional units, except the units of time and of angle measure, with units satisfying three conditions:

1) One fundamental unit is defined for each quantity.  These units are now defined precisely in the International System of Units.

2) Multiples and fractions of these fundamental units are created by adding prefixes to the names of the defined units.  These prefixes denote powers of ten, so that metric units are always divided into tens, hundreds, thousands, etc.

3) The fundamental units are defined rationally and are related to each other in a rational fashion.

At the heart of the SI is a short list of base units defined in an absolute way without referring to any other units. The base units are consistent with the part of the metric system called the MKS system. In all there are seven SI base units.

	SI Base Unit
	Abbreviation
	What It Measures

	meter
	m
	distance

	kilogram
	kg
	mass

	second
	s
	time

	ampere
	A
	electric current

	kelvin
	K
	temperature

	mole
	mol
	amount of substance

	candela
	cd
	intensity of light


Other SI units, called SI derived units, are defined algebraically in terms of these fundamental units. For example, the SI unit of force, the Newton, is defined to be the force that accelerates a mass of one kilogram at the rate of one meter per second per second. This means the Newton is equal to one kilogram meter per second squared, so the algebraic relationship is N = kg·m·s-2.  Currently there are 22 SI derived units. They include:

	Derived Unit
	Measures
	Derivation
	Formal Definition

	hertz (Hz)
	frequency
	1/s
	s-1

	newton (N)
	force
	kg·(m/s2)
	kg·m·s-2

	pascal (Pa)
	pressure
	N/m2
	kg·m-1·s-2

	joule (J)
	energy or work
	N·m
	kg·m2·s-2

	watt (W)
	power
	J/s
	kg·m2·s-3

	coulomb (C)
	electric charge
	A·s
	A·s

	volt (V)
	electric potential
	W/A
	kg·m2·s-3·A-1

	farad (F)
	electric capacitance
	C/V
	Kg-1·m-2·s4·A2

	ohm (omega)
	electric resistance
	V/A
	kg·m2·s-3·A-2

	siemens (S)
	electric conductance
	A/V
	Kg-1·m-2·s3·A2

	weber (Wb)
	magnetic flux
	V·s
	kg·m2·s-2·A-1

	tesla (T)
	magnetic flux density
	Wb/m2
	kg·s-2·A-1

	henry (H)
	inductance
	Wb/A
	kg·m2·s-2·A-2

	degree Celsius (°C)
	temperature
	K - 273.15
	K

	radian (rad)
	plane angle
	
	m·m-1

	steradian (sr)
	solid angle
	
	m2·m-2

	lumen (lm)
	luminous flux
	cd·sr
	cd·sr

	lux (lx)
	illuminance
	lm/m2
	m-2·cd·sr-1

	becquerel (Bq)
	activity
	1/s
	s-1

	gray (Gy)
	absorbed dose
	J/kg
	m2·s-2

	sievert (Sv)
	dose equivalent
	Gy·(multiplier)
	m2·s-2

	katal (kat)
	catalytic activity
	mol/s
	mol·s-1


The value of a quantity in terms of base or derived units is sometimes a very large number and other times a very small number.  In such cases, it is convenient to introduce larger or smaller units that are related to the normal units by multiples of ten.  The table on the next page summarizes the prefixes that are used to denote multiples of ten.

	Metric Prefixes


	Prefix
	Abbreviation
	Multiplier

	Giga-
	G
	1 x 109

	Mega-
	M
	1 x 106

	Kilo-
	k
	1 x 103

	Hecto-
	h
	1 x 102

	Deka-
	da
	1 x 101

	Deci-
	d
	1 x 10-1

	Centi-
	c
	1 x 10-2

	Milli-
	m
	1 x 10-3

	Micro-
	µ
	1 x 10-6

	Nano-
	n
	1 x 10-9


For example, 1000 or 103 meters are referred to as 1 kilometer (km), and 0.001 or 10-3 meter is call 1 millimeter (mm).

The table below can be given to students with instructions for them to fill in the empty cells.  This will give students a chance gain some experience working with metric prefixes before we move into our activity.

	Measurement
	Abbreviation
	Multiplier
	Equivalence in SI Unit

	1 millimeter
	1 mm
	1 x 10-3
	0.001 meter

	
	1 dm
	1 x 10-1
	

	1 gram
	1 g
	
	1 gram

	
	
	1 x 103
	1000 meters

	1 nanogram
	
	1 x 10-9
	

	
	
	
	0.000005 gram

	
	8 hm
	
	

	4 megameters
	
	1 x 106
	

	
	2 Gg
	
	

	
	
	
	12000000 grams

	3 centimeters
	
	
	

	
	2 kg
	
	

	7 decigrams
	
	1 x 10-1
	

	
	
	
	48546293422 meters

	0.00006 dekameters
	
	
	


The Conversion of Units:

Since any quantity, such as length, can be measured in several different units, it is important to know how to convert form one unit to another.  For instance, the foot can be used to measure length in place of a meter.  There are 3.281 feet in one meter, and this number can be used to convert from meters to feet.

Sample Question:  Yao Ming of the Houston Rockets is 2.34 meters tall.  Express Yao’s height in feet.
Solution:
Question #1:  The highest waterfall in the world is Angel Falls with a total drop of 979.0 m (meaning only Superman could jump off and survive).  Express this drop in feet.

                       ___________________________________________________________

                       ___________________________________________________________

                       ___________________________________________________________


Question #2:  Express the speed limit of 65 miles/hour in terms of meters/second.     (Hint: 5280 feet = 1 mile and 3600 seconds = 1 hour)

                      ____________________________________________________________

                      ____________________________________________________________

                      ____________________________________________________________

In addition to their role in guiding the use of conversion factors, units serve a useful purpose in solving problems.  If they are carried along during each step of a calculation and treated like any algebraic factor they can provide an internal check to eliminate errors.  In particular, remember that only quantities with the same units can be added or subtracted.  Thus, at one point in a calculation, if you find yourself adding 12 miles and 32 kilometers, stop and reconsider.  Either miles must be converted into kilometers or kilometers must be converted into miles before the addition can be carried out.


A summary of the reasoning strategy that is recommended for converting between units is outlined on the next page.

	Converting Between Units



	1.
	In all calculation, write down the units explicitly.

	2.
	Treat all units as algebraic quantities.  In particular, when identical units are divided, they are eliminated algebraically.

	3.
	Use the conversion factors on your handout when required.  In your calculations, be guided by the fact that multiplying or dividing an equation by a factor of 1 does not alter the equation.

	4.
	Check to see that your calculations are correct by verifying that the units combine algebraically to give the desired unit for the answer.  Only quantities with the same units can be added or subtracted.


PART B
Force
In this activity will attempt to measure the force that is required to set a stack of books initially at rest in motion.  The measurement device that you will be utilizing for this task is called a Newton scale.  The SI unit of force is called a Newton (N). 


Procedure:  Find the mass of a single book.  Assume that all books have a mass equal to this one.  Measure the length of the table (in SI units) on which you will be conducting this activity.  For each trial, time how long it takes you to pull the stack of books from one end of the table to another.  Try to pull at a constant rate with the same force in each trial.
                      Part A

1. Pile 3 books on top of each other so just one is touching the table and       measure the force needed to drag them along at a constant velocity.

2. Repeat #1 with two books contacting the table.

3. Repeat #2 with three books contacting the table.

Part B
1. Using the table again, measure the force need to drag 1 book along at a constant velocity.

2. Repeat #1 with 2, 3, and 4 books.  Stack the books on top of each other.

Data:  Record your data for this activity in the charts below.  The value for the measured table length can be found by using a rule.  The value for the estimated table length can be found by manipulating the formula for a Newton to solve for length of the table in meters.

Part A:
	Book Configuration
	Mass (kg)
	Time (s)
	Force (N)
	Measured Table Length (m)
	Estimated Table Length (m)*

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


An asterisk (*) means that a sample calculation must be shown.

Sample Calculation:
Part B:
	Book Configuration
	Mass (kg)
	Time (s)
	Force (N)
	Measured Table Length (m)
	Estimated Table Length (m)

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Questions:  
1. What effect does contact area have on the force required to set a stack of books initially at rest in motion?

_________________________________________________________________

_________________________________________________________________
            _________________________________________________________________
2. If a skier were gliding down a hill, would they increase or decrease their speed by lifting one of their skis up off the ground?  Explain.

_________________________________________________________________

            _________________________________________________________________
            _________________________________________________________________
            _________________________________________________________________
3. Were the values you got for the measured table length and the estimated table length the same?  Explain your results.

_________________________________________________________________

            _________________________________________________________________
            _________________________________________________________________
4. If you calculated the force on an object from the mass of the object in kilograms, the distance it covered in centimeters and the time in seconds, would the value you arrive at be in Newtons?  
_________________________________________________________________

            _________________________________________________________________
            _________________________________________________________________

5. Would the resulting answer in question #4 be larger or smaller than the answer you would have found had you converted the distance the object covered from centimeters to meters?

_________________________________________________________________

            _________________________________________________________________
            _________________________________________________________________
NOTE:  In any conversion, if the units do not combine algebraically to give the desired result, the conversion has not been carried out properly.








HANDOUT:  The sheet containing the list of conversion factors that we will need 		to use throughout this course.








  Newton = (kg)(m/s²)











