Measurement Lab
Purpose: To determine the accuracy and precision of common measurement tools.

Background Information:
Accuracy deals with how close the measurement is to the actual value of something. If a thermometer measures boiling water at 100 degrees Celsius it is as accurate as possible. 

Precision deals with how consistent a measurement is. If everyone is getting the same measurement, you have high precision.  Precision also deals with to what decimal place/smallest increment your instrument can measure.

Accuracy/Percent Error
When scientists need to compare the results of two different measurements, the absolute difference between the values is of very little use.  The magnitude of error of being off by 10 cm depends on whether you are measuring the length of a piece of paper or the distance from New Orleans to Houston.  To express the magnitude of the error (or deviation) between two measurements scientists use percent error . 
If you are comparing your value to an accepted value, you first subtract the two values so that the difference you get is a positive number.  This is called taking the absolute value of the difference.  Then you divide this result (the difference) by the accepted value to get a fraction, and then multiply by 100% to get the percent error. 
So,     % error =   | your result - accepted value |    x  100 % 
                                          accepted value 
Several points should be noted when using this equation to obtain a percent error:
1) When you subtract note how many significant figures remain after the subtraction, and express your final answer to no more than that number of digits.
2)  If neither of the two values being compared is an "accepted value", then use either number in the denominator to get the fraction.  If one value is more reliable than the other, choose it for the denominator. 
3) Treat the % symbol as a unit. The fraction is dimensionless because units in the values will cancel. 
4) Notice that the error is a positive number if the experimental value is too high, and is a negative number if the experimental value is too low.
Example:  A student measures the volume of a 2.50 liter container to be 2.38 liters. 
What is the percent error in the student's measurement? 
Ans.      % error = (2.50 liters - 2.38 liters)  x   100% 
                                  2.50 liters 
                       =  (.12 liters)     x    100% 
                            2.50 liters 
                        =  .048     x   100% 
                        =  4.8% error 
  
(Note only two sig figs left in the answer after the subtraction) 
  
Precision
Frequently in science, an accepted or true value is not known. The accuracy of a measurement cannot be reported if an accepted value is unavailable.  Precision is a measure of how reproducible experimental measurements are.  Equipment that provides values out to more decimal places are more precise.
Volume

[image: image1.png]<3 -

-
\(\'\‘b‘“//
{0°~
15 I
_ .
Low point of — - E&rrfr:l readi
. To,
meniscus ~2 /o,
~
>~
\\
-



Water in a glass container forms a meniscus, a curved surface that is lower in the middle than at the edge. Volumetric laboratory equipment is calibrated to measure volume by sighting to the bottom of  of the meniscus and read the value at eye level).  In the example below, record the value to the nearest 0.1 mL;  (you would read 13.0 mL). 
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· The triple beam balance is used to measure masses very precisely; the reading error is 0.05 gram. 

· With the pan empty, move the three sliders on the three beams to their leftmost positions, so that the balance reads zero. If the indicator on the far right is not aligned with the fixed mark, then calibrate the balance by turning the set screw on the left under the pan. 

· Once the balance has been calibrated, place the object to be measured on the pan. 

· Move the 100 gram slider along the beam to the right until the indicator drops below the fixed mark. The notched position immediately to the left of this point indicates the number of hundreds of grams. 

· Now move the 10 gram slider along the beam to the right until the indicator drops below the fixed mark. The notched position immediately to the left of this point indicates the number of tens of grams. 

· The beam in front is not notched; the slider can move anywhere along the beam. The boldface numbers on this beam are grams and the tick marks between the boldface numbers indicate tenths of grams. 

· To find the mass of the object on the pan, simply add the numbers from the three beams. 

· As with a ruler, it is possible to read the front scale to the nearest half tick mark. 

Temperature: Using the NOVA data logger
1. Plug the temperature probes into the I/O-1 and I/O-2 ports.  (The probes WILL NOT WORK if plugged into -3 or -4!).

2. Plug the power supply into the data logger and into the electrical outlet.

3. If a dialog box appears titled “OAC” and asks you to connect, tap/click “OK” (upper right corner)

4. Double tap/click “Multilab Version 3” icon.

5. Tap/click green runner icon—this will start data collection.

6. Tap/click dial icon (9th box from the left), select the digital readout option (0.12 box) from icons across bottom.

7. Use drop-down menu from the top of the dial box to change readout between probes.

8. If the data logger freezes, or seems to be on a strange setting, restart by hitting the black button below the screen.

*ALL MEASUREMENTS SHOULD BE METRIC!*
This lab is not an “experiment” so you may omit the hypothesis, materials & procedure, and conclusion.
Data (include units, correct level of precision, for all measurements)
Temperature Station:  Do NOT leave the plastic thermometer in boiling water; it will melt.

	Thermometer Type
	Freezing Temperature
	Boiling Temperature

	White plastic around glass
	
	

	Glass
	
	n/a

	NOVA Data Logger (digital)
	
	


Mass Station:  Measure 2 cubes and one standard weight.
	Cube
	Code
	Mass, weighed by Triple Beam Balance
	Mass, weighed by electric scale

	Copper 
	Cu
	
	

	Brass 
	Bu
	
	

	Aluminum 
	Al
	
	

	Gray Plastic 
	--
	
	

	Standard Weight
	
	
	


Volume Station:

1. First use the beaker and measure 100mL of water.  What is the precision on a beaker? 

2. Pour the contents of the beaker into the Erlenmeyer flask.  What is the precision of the Erlenmeyer flask? 

3. Pour the contents of the flask into the big graduated cylinder.  What is the precision of the big graduated cylinder? 

4. Measure out 20mL in the big graduated cylinder.  Pour the contents of the big graduated cylinder into the small one.  

5. What is the precision of the small graduated cylinder? 
	Container
	Volume 
	Precision

	Beaker
	
	

	Erlenmeyer flask
	
	

	Large graduated cylinder
	
	

	Small Graduated cylinder
	
	


Question Station:  Answer both sides of the question sheet; you may use the tools provided, and your phone to research, if necessary.
Data Analysis:
Calculate the percent error for each of the thermometers (show your work—the equation and numbers you used):
1. Plastic thermometer
2. Digital thermometer

Post-lab questions

3. Which thermometer is most accurate?  How do you know?

4. Which thermometer is the most precise? How do you know?
5. Honors: What other factors might affect the accuracy of these thermometers?
6. Which balance was most accurate?  How do you know?

7. Which balance was most precise? How do you know?
8. Which method of measuring volume was most precise? How do you know?






