Units of Measurement

	Reading:
	Ch. 1 sections 6 & 7
	Homework:
	Chapter 1: 51, 55*, 57*, 59, 61, 65, 67, 69*, 71*, 75, 77*, 81, 83*


* = ‘important’ homework question

Common Units

Discussion: List some common units of measurement we use on a daily basis. How did these units originate?

	
	Quantity measured 
	Familiar Unit
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	Mass
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Question:  What are the ‘metric’ (S.I.) versions of the everyday units listed above? 
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	Quantity measured


	Fundamental S.I. Unit (base unit)


	Symbol


Notes: SI base units are used to determine derived S.I. units, as discussed below. Some S.I. base units feature a decimal prefix – which one(s)?

 Derived S.I. Units
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	Insert appropriate S.I. base units into an equation that defines the respective derived S.I. unit desired. 

Example:

Area = length x length = m x m = m2


( the derived S.I. unit for area is m2


Determine derived S.I. units for the following quantities

	Quantity measured


	Math involving S.I. base units


	Derived S.I. unit

	Volume


	
	

	Velocity (speed)


	
	

	Density


	
	

	Force*


	
	

	Energy*


	
	


*These are harder examples. To solve them start by inserting appropriate S.I. base units into an equation that defines the quantity sought. 
Discussion: Why do scientists prefer the S.I. system?
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Questions: 

Is the S.I. unit of volume (m3) reasonable for everyday applications? Why?

What unit of volume do chemists prefer? Why?
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1 dm3 = 1 L
More detail on the chemist’s volume unit
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Scientific Notation and S.I. Prefixes

Large Quantities
Fact: Chemical problem solving most often involves using either very large or very small numbers (e.g. counting the number of molecules in a drop of water, or quoting the mass of the water drop in kilograms)
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	Recall: How many individual H2O (l) molecules are there in a drop of water. Write this amount as a regular number:




Number H2O (l) molecules in 1 drop water =  _____________________________

Problem: How do we represent and manipulate such quantities in an ‘easier’ way?

Answer:

Overview Example:  Consider the statement “eight million people live in London”. How can this quantity be best expressed numerically?
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‘Everyday’:

‘Better’:
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Examples: Write the following quantities using regular numbers and powers of 10 (scientific notation). Try to do this without a calculator at first, then see the below tip for how to do this with your calculator’s SCI button
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	Just move the decimal point to the left until you get a single digit with decimals. The power of ten is the number of places the decimal point moved. Example:  

 3000 = 3 x 10(number decimal places to left moved) = 3 x 103



	Quantity


	‘Regular’ quantity
	‘Power of ten’ quantity (SCI)

	One hundred miles


	
	

	One thousand students


	
	

	Five million people


	
	

	Twenty million dollars


	
	

	Five and a half billion people


	
	


TIP: Scientific notation (SCI) is different than the powers of 10 used in engineering (ENG)*. When converting to SCI powers of 10 from a ‘real’ number press the SCI button on your calculator, or put it in SCI mode and press the  =  key. 

Wrap up:  quote the number of H2O molecules in 1 drop water using SCI notation:

1,000,000,000,000,000,000,000 molecules  =  ______________ molecules
REMEMBER: In chemistry we ALWAYS use scientific notation (SCI) for expressing large (>100) or small (<0.1) numbers.

________________________

Small Quantities
Question: How can very small numbers be expressed in SCI notation?

	[image: image14.png]



	Just move the decimal point to the right until you get a single digit with decimals. The negative power of ten is the number of  places the decimal point moved. Example:  

 0.00125 = 1.25 x 10- (number decimal places to right moved) 

 =   _________________


Examples: Convert the following regular numbered quantities to powers of 10 (scientific notation). Try to do this without a calculator at first, then check with your calculator.

	‘Regular number’ (quantity)


	‘Power of ten’ (SCI) quantity 

	0.00015 grams


	

	0.125 %


	

	0.0458 mL


	


Review: You now know how to convert large or small ‘regular’ numbers into SCI notation either on paper or using your calculator.

________________________

Manipulating Large and Small Numbers

Enter the following SCI numbers into your calculator using the EE or EXP keys to express numbers in SCI notation, then press the   =   (in FLO mode) to obtain the ‘real’ number equivalent: 

	‘Power of ten’ number (SCI)
	Regular number (quantity) (FLO) 

	5 x 10-1
	

	1.5 x 103
	

	3.56 10-3
	


Determine:        3 x 107 
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 6 x 103   =  ___________________
What answer did you get?  Where any problems were encountered?
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Making things even simpler – S.I. Prefixes
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	Certain powers of 10 can be replaced by a symbol known as a decimal (or S.I.) prefix


[image: image18.jpg]TABLE 1.2 Sl Prefix Multipliers

Prefix

exa
peta
tera
giga
mega
kilo

deci
centi
milli
micro
nano
pico
femto
atto

Symbol

T B E S o0 A mE O A UM

Multiplier

1,000,000,000,000,000,000
1,000,000,000,000,000
1,000,000,000,000
1,000,000,000

1,000,000

1,000

0.1

0.01

0.001

0.000001

0.000000001
0.000000000001
0.000000000000001
0.000000000000000001
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	For decimal (S.I.) prefixes, just swap the appropriate “x 10n” part of the number for the equivalent prefix’s symbol. Example:  

 1.25 x 10-3 g = 1.25 mg (milligrams)




Task: Convert the following quantities to SCI notation and decimal prefix notation:

	Quantity


	With SCI notation
	With Decimal Prefix

	0.0015 grams


	
	

	0.0000020 meters


	
	

	30,000 dollars


	
	

	12 million people


	
	


Discussion: Make a list of as many ‘everyday’ quantities as possible that use decimal prefixes (or similar related expressions):

Significant Figures and Rounding Off

Question: What are significant figures?
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Task: Measure the length of your pencil (or some other object) in cm using a standard ruler. To how many sig. figs can you determine this value?

	Object
	Size measured (cm)
	Number sig. figs.

	
	
	

	
	
	

	
	
	


Let’s figure out the rules for sig. figs. What is:

	1.002 to
	3 sig. figs.


	

	
	1 sig. fig.


	

	569.74 to
	3 sig. figs.


	

	
	4 sig. figs.


	

	
	1 sig. fig.


	

	0.00017 to
	1 sig. fig.
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	Zeros before the first number are NOT counted as significant

Zeros after the first number ARE counted as significant

Round UP if the number after the last significant digit is > 5

Quote numbers in SCI notation if number sig. figs. < digits before decimal point.


Multiplication and Division (99% of your work is features one and/or the other*)
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	‘You are only as good as your worst measurement’
  
The result of any multiplication or division has the same number of sig. figs. as the measurement with the lowest number of sig. figs. 


Example: Lead has a density of 11.4 g/cm3. What volume (in cm3) does 2.1g of lead have?

Uncertainty in Measurement

‘Statistical’ Precision and Accuracy – group measurements

Discussion:  What is the difference between precision and accuracy for a series of measurements? Can you be precise and at the same time inaccurate?
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	Think of a dartboard or other target when remembering the differences between precision (‘grouping’) and accuracy (‘hitting the bulls eye’)*
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	Notes

	
	Notes

	
	Notes
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	This picture was found at a private individual’s internet site. The author states, among other things, that he “would make a bad murderer.” 

How true, he fired 10 shots from 21 feet, (the target line was set at 75 feet) and hit the target 7 times. 

How would you describe the spread of his shots in terms of accuracy and precision?


Formal definitions

Accuracy: How close individual measurements are to the ‘true’ (or ‘real’) value. 

Accuracy is increased by repeating measurements (trails) and determining their average or mean. (Average value → true value for large number of trials)

Precision: How closely individual measurements agree with one another. 

Standard deviation (or variance) is a relative measure of how precise a set of measurements are with respect to their average.

Precise measurements are not necessarily accurate – this is known as systematic error:

Example: Suppose a 2.0 mg grain of sand is accidentally dropped on to an analytical balance. Unless the balance is recalibrated, it will weigh ‘too heavy’ by 2.0 mg for each subsequent weighing. This is an example of a systematic (poor accuracy) error.

Note: Quantities determined from a series of measurements are most often quoted as their mean ± standard deviation for that data set. For large data sets (>20 measurements), this is equal to the true value ± error.
Individual measurements

For each individual measurement (mass, vol. etc.), its accuracy is typically quoted as to as good as the last measured (significant) digit. This fact is assumed for most physical measurements.

Example: For a mass reading of 21.245g, the last ‘5’ is uncertain so the accuracy of the reading is 21.245 ± 0.001 g. 
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	Real Life: Dr. Mills owns a digital bathroom scale, which quotes weights to the nearest 0.1 pound (nice?). However, the scale often displays different weight values when a person steps off, then immediately steps back on to, the balance (not good), e.g. 212.4 lb, 212.7 lb, 212.5 lb. 

How would you describe the performance of Dr. Mills’ scale, in terms of any individual measurement, with regard to accuracy and precision? 


Temperature

Background:  There are three temperature scales in common use today. Can you name them?
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How were the end points of the two ‘metric’ scales defined? In other words, what natural conditions define these respective temperature values?
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	The Centigrade and Kelvin Scales
	The Centigrade scale compared to the state of H2O


Converting between Degrees Celsius and Kelvin

Task: By looking at the above figures, describe how the oC and K scales are related. What do they have in common? What is different?
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	1.

2.
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	Simply add 273.15 to ANY temp. quoted in oC to obtain the equivalent K value  

OR
Simply subtract 273.15 from ANY temp. quoted in K to obtain the equivalent oC value  



Examples:

1. What is 50oC in Kelvin?

2. What is 200 K in Celsius?

Comparing the Fahrenheit, Kelvin and Celsius Temperature Scales
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“You want to put

 what where?!..”
	Discussion: We saw that the end points for the oC scale corresponded to specific ‘natural’ temperatures – the same is true for the oF scale. What ‘natural’ temperatures do you think 0 oF and 100 oF (originally a centigrade scale) correspond to in nature. How about 212 oF and 32 oF?


Notes:

Diagram: Fahrenheit, Celsius and Kelvin thermometers side by side. 
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Task: By looking at the slide provided, describe how the oC and oF scales are related. What do they have in common? What is different?
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	These two basic differences between the oC and oF scales allow for equations relating them (conversion equations) to be constructed:


For converting oC to oF:
For converting oF to oC:
Task: Convert the following Celsius temperatures to oF and K
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	oF



	K


Then ask me about the extra credit temperature….

Density

Review: How, in everyday words, is the property of density defined? 
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	Density:  




Where: ‘amount of matter’ = _______________

Discussion: What is the S.I. unit of density? Is this a convenient unit?

	(  Density   =  
	 __________________________________


Question: What are the two ‘convenient’ derived S.I. units of density used by chemists?

Ask me about the extra credit density….

Density Math
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	Recall: Density is defined by a simple equation, which has three related forms:


	1.


	2.
	3.
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	If you have problems with cross multiplication, remember that simple ‘pyramids’ can also be used to solve density and other 3 variable equations:



Example:  23.5 mL of a certain liquid weighs 35.062 g. What is the density of the liquid? What mass will 20mL of this liquid have?

Density of regular shaped objects
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	Regularly shaped objects (cubes, ‘bricks’, spheres, cylinders, cones….) have equations that define their volume.


Task: Sketch the following 3-D shapes and list the equations that define their volume (see  your text book)
	Sketch of 3-D Shape
	Volume equation

	Cube


	 V  = 

	‘Brick’


	V = 

	Sphere


	V =

	Cylinder or disk


	V =
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	1. Find the volume of the object in question via the equation that defines its volume (be sure to use cm for all length dimensions).

2. Substitute the derived volume value in D = M/V to find the object’s density (recall that mass is measured in grams). 


Recall: the radius of a circle equals half of it’s diameter (i.e. dia.= 2r)
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	Example: Dice used in Las Vegas weigh 2.65 g and have sides of length 1.2 cm. What is the density of a Las Vegas dice?
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	What relationship would you expect to exist between the density (macro), and associated physical state (macro), of any material with respect to spacing of its component particles (micro)? Exceptions??


Densities of Some Common Materials 
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Common Substances at 20 °C

Substance

Charcoal (from oak)
Ethanol

Ice

Water

Sugar (sucrose)

Table salt
(sodium chloride)

Glass
Aluminum
Titanium
Iron
Copper
Lead
Mercury
Gold
Platinum

Density (g/cm®)

0.57

0.789

0.917 (at 0°C)
1.00 (at 4 °C)
1.58

2.16
2.6
2.70
451
7.86
8.96
11.4
13.55
19.3
21.4
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 “Will it Float?”
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	The David Letterman Show on CBS often features a segment called ‘Will it Float’. Simply, Dave and Paul try to determine if an object, such as a refrigerator or 100 ft of insulation cable, will float when dropped into a large container of water. 




Question: What physical property of a material will determine ‘if it will float’? What would be a more scientifically accurate (if less catchy) name for the ‘Will it float’ segment on Dave’s show?
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	Discussion: “Battleships and dating advice”


Task: Using the table supplied above, sketch a picture of what would happen if ~30 mL samples of ethanol, mercury and water, as well a lead ‘BB’ and a gold ring were added to a volumetric cylinder.
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