Measurement and the SI System
Purpose
To find the best way to record and use the uncertainty in laboratory measurements.
Introduction
Experimental observations often include measurements of volume, mass, length and temperature. There are important characteristics for any measurement: (1) Accuracy – how close the value is to the correct value (significant figures) and (2) Precision – the agreement of several measurements of the same type, which is a reflection of the degree of uncertainty involved in the measurement.
In this experiment you will be focusing primarily on the uncertainty of measurements. The uncertainty of a measurement is often represented by the symbol, “±” (read as “plus or minus”) followed by an amount. Thus, if an object is measured as being 25 cm long, and the length is known to within 0.01 cm, its length might be reported as:
25.00 cm ± 0.01 cm.
With measuring instruments such as rulers or graduated cylinders, readings are generally estimated to one more decimal place than the smallest scale division. Thus, a ruler that is graduated in millimeters allows you to estimate to the nearest 0.1 mm. 
Measurements in which the uncertainty is a result of a visual estimate are called analog measurements. Electronic devices, such as balances and thermometers, give a digital reading. In such cases, the last decimal place reported represents the uncertainty. Thus, if a balance gives a mass reading of 3.004 g, you know that the uncertainty is ± 0.001 g, or ± 1 mg.
Sometimes a piece of equipment will have scale markings that are only approximate and are not intended to be used for precise work. This is true of the beakers and Erlenmeyer flasks that you will use in this course. In such cases, neither the accuracy nor the precision of the measurements is high. The container will usually carry a label to this effect.
Although the activities in this experiment are numbered, they can be done in any order. Your teacher may assign different groups to begin with different parts of the Procedure. If not, organize your work to adjust for availability of equipment
Prelaboratory Assignment
· Write the procedure (you can write a shorter version in your own words).
· Answer the Prelaboratory Questions.  
· Prepare your data section 
1. If you are using a graduated cylinder for which the smallest division is 0.1 mL, to what degree of precision should you report liquid volumes? Express your answer in the form:
± (uncertainty) mL
2. A stack of five 3.5-inch floppy disks is 1.6 cm tall. 
a. What is the average thickness of one disk?
b. To the nearest whole number, how many disks will be in a stack 10 cm tall?
3. In Celsius degrees: 
a. what is the boiling point of water? 
b. what is the freezing point of water?
c. what is normal human body temperature?
4. What is a meniscus; what role does it play in the correct reading of liquid volumes? 
Data

Table 1-A
	Graduated Cylinder
	Nominal Capacity
	Volume of Liquid

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	


 
	Table 1 – B

	Cylinder 
Uncertainty


	1
± 
mL
2
±
mL
3 
±
mL
4
±
mL
5
±
mL
6
±
mL



	Table 2

	Volume of liquid in: 

	25-mL graduate
_________mL
100-mL graduate
_________mL



	Table 3

	Diameter of penny:
_________cm _________mm
Diameter of nickel: 
_________cm _________mm
Number of pennies in 1-cm stack: _________
Mass of 1-cm stack:
_________ g ± _________ g



Table 5 

	Temperature of ice-water mixture:
	_________ºC

	Temperature of ice-salt-water mixture: 
	_________ºC


Materials
Apparatus
· Centigram or milligram balance
· Metric ruler
· 50-mL beaker
· 100-mL beaker
· 25-mL graduated cylinder
· 100-mL graduated cylinder
· Thin-stem pipet
· Plastic weighing cups
· Thermometer, –20°C to 110°C
· Safety goggles
· Lab apron
Reagents
· Tap water
· Pennies, post 1983 and pre 1982
· Nickel
· Ice, crushed or small pieces
· Rock salt
Procedure
Part 1    Reading Volumes
There are six graduated cylinders, each labeled and each containing some quantity of liquid to which food coloring has been added to make the volume easier to read. Record the capacity of each cylinder and the volume of liquid it contains in a Data Table. Remember to include units (mL).
In your Data Table, record the uncertainty involved in each volume measurement. Remember that the uncertainty depends on the size of the divisions; it is always one-tenth of the smallest division.
Part 2    Comparing Measuring Containers
Use tap water to fill a 50-mL beaker to the 20-mL mark. Use a thin-stem pipet to adjust the level until the bottom of the meniscus is lined up with the 20-mL line.
Pour the water from the beaker into a 25-mL graduated cylinder. Read the volume according to the 25-mL graduate and record it in a second Data Table. Finally, transfer the water from the 25-mL graduate to a 100-mL graduate. Read the volume again and record it in your Data Table.
Part 3    Measuring Coins 
Use a metric ruler to determine the diameter of a 200 d and 500-d coin. Report the diameters in both centimeters (cm) and in millimeters (mm). To the nearest whole number, determine the number of 200-d coins it takes to make a stack that is 1 cm tall. Find the mass of this number of pennies. Record these measurements in a third Data Table.
Part 5    Effect of Salt on the Temperature of an Ice-Water Mixture 
Half-fill a 100-mL beaker with crushed ice. Place a thermometer in the melting ice and hold it there until the temperature is no longer changing (usually about 15-20 seconds). At this point, the thermometer and ice/water are said to be in “thermal equilibrium.” Read and record the temperature in a fifth Data Table. Add one level plastic spoonful of rock salt. Do not stir the solution. When the temperature is again constant, read and record the final temperature of the water-ice-salt mixture.
Wash the beaker and return all equipment – including glassware, coins, and rulers – to their proper locations.

Conclusions
1. It is common to get different volume readings from each container in Part 2. What explanation can you offer for:
a. an apparent decrease in volume? 
b. an apparent increase in volume? 
2. Which container in Part 2 gave you the most precise reading of the actual volume of water it held? Justify your choice. (Hint: Remember the distinction between precision and accuracy given in the Introduction.) 
3. The beaker you used in Part 2 probably carries the notation “± 5%.” What do you interpret this to mean? 
4. Calculate the average thickness of a single penny using the data you obtained in Part 3 of the procedure. Show your calculations.
5. Explain how you could estimate the mass of a large stack containing an unknown number of pennies using only the data from Part 3.
6. Determine the number of pennies that could be laid edge-to-edge the full length of a meter stick. Repeat the calculation for nickels. (Hint: Have you ever seen a third of a penny? Do fractional coins exist?)
8. Errors or variations from expected results that do not result from carelessness or incorrect procedure are called random experimental errors. Random experimental errors are no one's fault; they are unavoidable and they must be taken into account any time we evaluate the results of an experiment. Suggest two sources of random experimental errors that might cause different teams to get different results in Part 4 of the procedure.
