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Juniata College


Accuracy and Precision 

Standards
1.2.8 A Read and understand essential content of informational texts and documents in all academic areas

2.4.11 E Demonstrate mathematical solutions to problems (e.g., in the physical sciences).
3.1.10 C Apply patterns as repeated processes or recurring elements in science and technology.

Introduction and background


Mass and volume are extrinsic properties which depend on the quantity of a substance.  Density, which is the ratio of mass to volume (D=m/V), is an intrinsic property.  The density of a substance is a constant and is characteristic of the substance.  Therefore, density can be used to aid in the identification of a substance.  However, the density of a substance may vary with its temperature.  In this lab the mass and volume of water will be measured, and the density of the water will be calculated.  This value will be compared to the accepted density of water at the relevant temperature.  The accuracy and precision of the measurements will also be determined.

Vocabulary

Mass - the quantity of matter as determined from its weight or from Newton's second law of motion.
Volume - the amount of space, measured in cubic units, that an object or substance occupies.
Precision – exactness of the procedure being performed so that it can be repeatable.
Accuracy - the extent to which a given measurement agrees with the standard value for that measurement.
Extrinsic properties – dependent on relationship with other things

Intrinsic properties – property that an object has independency from other things
Materials

30 mL beaker



deionized water

250 mL beaker


1 mL micropipette 

10 mL graduated cylinder

top loader balance

Thermometer



analytical balance

Safety

No Safety Concerns
Procedure


Beaker and top loader balance

1.
Place ~100 mL of deionized water in a beaker.  Measure the temperature of the water, and record it on the data table.

2.
Place a clean, dry 30 mL beaker on the top loader balance. Tare.

3.
Remove the beaker from the balance, and pour a small amount of deionized water into it. Using the graduations on the beaker, read the volume, and record it in the data table.

 4.
Place the beaker on the balance and record the mass of the water in the data table.

5.
Repeat for trials 2 & 3.
Graduated cylinder and top loader balance
6.
Place a clean dry 30 mL beaker on the top loader balance. Tare.

7.
Pour a small amount of deionized water in a 10 mL graduated cylinder. Using the graduations on the cylinder, read the volume as precisely as possible and record in the data table.

8.
Pour the water into the tarred beaker, and place the beaker on the balance. Record the mass in the data table.

9.
Repeat for trials 2 & 3.

Micropipette and top loader balance

10.
Place a clean, dry 30 mL beaker on the top loader balance.  Tare.

11. Using the micropipette as the measuring instrument for volume, add 1.000 mL of deionized water to the 30 mL beaker.  Record the volume of water added to the beaker.

12.
Place the beaker on the balance, and record the mass of the water in the data table.

13.
Repeat for trials 2 & 3.

Analytical balance

14.
Repeat each of the above sets of procedures using the analytical balance in place of the top loader balance.

Data Table

Top Loader Balance
Temperature of water




______ oC

Beaker and top loader balance
	 
Trial
	Volume
	Mass
	Density

	              1
	
	
	

	              2
	
	
	

	              3
	
	
	







Average Density _______
Graduated cylinder and top loader balance

	Trial
	Volume
	Mass
	Density

	              1
	
	
	

	              2
	
	
	

	              3
	
	
	







Average Density _______


Micropipette and top loader balance

	Trial
	Volume
	Mass
	Density

	              1
	
	
	

	              2
	
	
	

	              3
	
	
	







Average Density _______

Analytical Balance
Temperature of water




______ oC

Beaker and analytical balance

	Trial
	Volume
	Mass
	Density

	              1
	
	
	

	              2
	
	
	

	              3
	
	
	







Average Density _______

Graduated cylinder and analytical balance

	
Trial
	Volume
	Mass
	Density

	              1
	
	
	

	              2
	
	
	

	              3
	
	
	







Average Density _______

Micropipette and analytical balance

	Trial
	Volume
	Mass
	Density

	              1
	
	
	

	              2
	
	
	

	              3
	
	
	







Average Density _______

Calculations
	Temperature (°C)
	Density (g/mL)
	
	Temperature (°C)
	Density (g/mL)

	 15
	0.99693
	
	23
	0.99898

	16
	0.99719
	
	24
	0.99923

	17
	0.99744
	
	25
	0.99949

	18
	0.99770
	
	26
	0.99975

	19
	0.99795
	
	27
	1.00000

	20
	0.99821
	
	28
	1.00026

	21
	0.99847
	
	29
	1.00051

	22
	0.99872
	
	30
	1.00077


1. Calculate the % error (accuracy) for each density average value

% ERROR = symbol 40 \f "Symbol"symbol 189 \f "Symbol"Actual - Average calc densitysymbol 189 \f "Symbol" / actual densitysymbol 41 \f "Symbol" x 100%

	
	Top loader
	Analytical

	BEAKER
	
	

	GRADUATED CYLINDER
	
	

	MICROPIPETTE
	
	


Questions

1.    Which method of determining density was the most accurate?

2.    Which method of determining density was the most precise?

3.
Did the mass shown on the analytical balance tend to decrease with time?  If so, why?  If not, why not?

4.     Density can be determined mathematically and graphically.  What are the advantages of each method?  What are the disadvantages of each method?
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