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Measurement, Uncertainty, & Significant figures Lab




GP1
Equipment needed
4 spheres: (blue sphere, tennis ball, small steel sphere, & one from the bounce/no bounce set)     G1-L
Laptop computer with Logger Pro software  M0-PR on cart, or N3-PR, or T0-L 
string in back of DD6-PR
caliper EE6-PR
tape measure C3-L

ruler C3-L
meter stick H4-L (in window)
2 meter stick F4-L (on counter top) 
Objective: evaluate measurement accuracy; % errors, significant figures, benefit of averaging or doing statistics; graphing, & determination of pi. 
Note: if you run short on time, complete those lines labeled M where some type of measurement using lab materials is necessary. Questions and calculations can be done after the lab period. 
Section 1. accuracy of your available measurement tools 

In this lab section, you will be inspecting the available measurement tools and estimate their scale reading accuracy/error. 

If you look at the end of a 2-meter stick, there will be a first 1mm (1 x [image: image2.png]1073



 m) mark. Some refer to it as the zeroth mark. 

Q1 (=>Question1). Does this first mark on your meter stick, ruler, or measuring tape actually start at the very end? __________

M2 (=>Measurement2). If your answer to Q1 is No, how far is this first mark away from the actual end of your meter stick? __________
If the answer is yes, enter zero. 

This is called an ‘offset error’ or ‘zero setting error’. 
Use the tape measure to measure the end to end length of the 2 meter stick. 

M3. Record your measurement here: 

 __________ 

Q4. How much does it differ from 2.00m? __________
(If there is no difference, record zero.) 
One cause for a difference between the two is called ‘scale factor error’ or ‘multiplier error’. 
Notes on the caliper 

1. General note: for electronic measurement devices, such as the caliper, use the manufacturer’s specifications as the ‘measurement accuracy estimate’. 

2. For our caliper, the manufacturer specifies the measurement accuracy as ±0.02mm or ±0.0010inches, depending on the measurement scale you’re using. 

3. Refer to fig 1 for additional information.  
For inner diameter measurements 

caliper lock


    depth gauge
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For outer diameter measurements

mm or inch selection
          zero reference selection switch 
fine position adjustment knob 

Fig 1 the caliper 

Close the caliper blades. 
M5. Does the caliper read 0.00?     __________ 

If the answer is no, depress the ‘zero reference selection switch’ as shown in fig 1. If it does not zero, ask for assistance. 

Q6. What is the maximum circular, or spherical, diameter this caliper can accurately measure? 
Q7. Explain your answer. 

Section 2. diameter & circumference measurements of four spheres
In this section, you will be measuring the diameter and circumference of four spheres. You will also estimate measurement errors or determine the standard deviation of your measurements as directed by your instructor.
Estimating measurement accuracy 

This estimate depends on a variety of factors. For example: 1. Evaluating the ‘measurement accuracy’ of a ruler may depend on such factors as: 1. The thickness and clarity of the scale markings, 2. Available lighting, 3. Your visual acuity, 4. The separation distance between marks (For example, you might be able to accurately interpolate quarter intervals between consecutive marks, 1/3 of an interval, ½ of an interval, better, or worse. If you had confidence in estimating 1/3 of an interval, then your measurement of the diameter of a penny would be 19 ±1/3 mm or 19 ±0.3 mm.), and,    5. The technique you use for making your measurements (For example, how steady can you hold your measurement instrument against what you’re measuring?) 
You expect some variation when you make multiple measurements and all the more so when different people make the measurements. Averaging the measurements provides a most likely or typical single value but says nothing of accuracy. Note: the technical term for average is ‘mean’.

 One way to hint at accuracy is to use the difference between the average and the worst individual measurement to estimate the possible range of deviation of individual measurements from the mean. Your measurement would now be written as:     mean ± ‘max deviation’     (like designating the measurement of the diameter of a penny as 19 ±0.3 mm) 
The preferred accuracy statement is to use the statistical ‘standard deviation’. 
Measure the diameter and circumference of four spheres. Record each measurement along with your measurement accuracy estimate. 
M8. 



Measurement Table 1. diameter measurement data ± error declaration 
For min max equivalent: subtract the error declaration to determine a minimum value and add the error to determine the maximum value to yield min< davg < max
	
	diameter of                                   'no bounce' ball
	diameter of steel sphere
	diameter of blue sphere
	diameter of tennis ball
	any other observations, notes, or comments

	
	
	
	
	
	

	
	 
	 
	 
	 
	 

	min max equivalent
	
	
	
	
	


If you need additional space for comments, make a note in the comments box saying: ‘see attachments’ and add additional pages to this lab. Number the attached pages. 

Review the notes on ‘estimating measurement accuracy’. 
Q9. Should your ± the error estimate/declaration differ for these different balls?
Q10.  Explain:  

Q11. Describe how you measured the diameter of the ‘tennis’ ball and any problems you encountered: 

Q12. What do you estimate your measurement error/accuracy of the tennis ball to be? ____________________
Q13. Describe how you measured the diameter of the ‘blue sphere’ and any problems you encountered: 

Q14. What do you estimate your measurement error/accuracy of the ‘blue sphere’ to be? ____________________

M15. Make circumference measurements. 

Each lab group will independently measure their spheres and list their measurements in one of the rows in table 2 and then list their measurements on the board at the front of the lab. After all groups have completed their measurements, each group will calculate the class measurement averages plus indicate how measurements deviate from that average. The deviation can be 1. ± the maximum deviation from the average, or ± the standard deviation from the average. If unclear on the latter, then use the former, or, as directed by your instructor. 





Table 2. circumference Measurement data ± error declaration 
	lab group #
	circumference of                                   'no bounce' ball
	circumference of steel sphere
	circumference of blue sphere
	circumference of tennis ball
	any other observations, notes, or comments

	
	
	
	
	
	

	1
	 
	 
	 
	 
	 

	2
	 
	 
	 
	 
	 

	3
	 
	 
	 
	 
	 

	4
	 
	 
	 
	 
	 

	5
	 
	 
	 
	 
	 

	6
	 
	 
	 
	 
	 


If you need additional space for comments, make a note in the comments box saying: ‘see attachments’ and add additional pages to this lab. Number the attached pages. 

This completes your measurements. 

Table 3. measurement result averages ± error declaration  

For min max equivalent: subtract the error declaration to determine a minimum value and add the error to determine the maximum value to yield min< Cavg < max
	
	circumference of                                   'no bounce' ball
	circumference of steel sphere
	circumference of blue sphere
	circumference of tennis ball
	any other observations, notes, or comments

	
	
	
	
	
	

	
	 
	 
	 
	 
	 

	min max equivalent
	
	
	
	
	


Q16. Describe how you measured the circumferences and any problems you encountered: 

Q17. What do you estimate your circumference measurement errors/accuracies to be? ____________________
Section 3. Ratios 

Introduction

The purpose of this portion of this lab exercise is to familiarize yourself with the concept of ratios and slopes.  A ratio is one quantity or number divided by another.  If a ratio is constant, then there is a simple straight line relationship between these quantities or numbers and we call this a ‘linear’ relationship. A Linear  example is:  if one quantity doubles, then the other quantity also doubles, if one quantity triples, then the other also triples and so on.  If we plot a graph of the two quantities, then the slope of the graph is the ratio of these two quantities.  

Procedure

Part A:  Example of a Constant Ratio – Circles, Spheres, and (
1. Find the ratio of the circumference of each sphere to its diameter, in other words, divide the circumference by the diameter.  Record the ratio for each trial in Table 4. 
The ratio of the circumference of a circle to its diameter is known as pi (symbol ().  (Note: the cross section of a sphere is a circle.) 

2.  Average your four C/D values in Data Table 4 and calculate the experimental error.  Use the following equation:
Experimental Error: 
[image: image4.wmf]A

E

A

-

´

=

100


where A is the accepted value and E (Experimental or measured value) is your determined value.

3. Plot a graph of Circumference (y-axis) vs. Diameter (x axis).  The slope of this axis is the ratio C/D.

4. Calculate the slope of the graph and calculate the experimental error.

Table 4. circumference to diameter ratio 

	
	circumference results (c)                                                ± error
	diameter results (d)                                   ± error
	c/d ratio                                                             ± error

	
	
	
	

	‘no bounce' ball
	 
	 
	 

	steel sphere
	 
	 
	 

	blue sphere
	 
	 
	 

	tennis ball
	 
	 
	 

	
	
	average ± [(standard deviation) or (estimated accuracy)]
	 

	
	
	% error   from established value of pi     π
	 


Note: significant figure example: a sample diameter measurement of a basketball is 23.75 ±0.05cm and a sample measurement of its circumference is 75.7 ±1.0cm. the c/d ratio as displayed on a calculator is 3.187368421. 
Q18. Is the 10 digit calculated value for π warranted? Explain? 
Q19. What value of π do the measured values warrant? 

Q20. Is your calculated % error (from table 4) greater or less than your estimated accuracy? __________ 
Q21. if one group’s calculated % of error was greater than their error estimate, how might that affect a supervisor’s confidence in their measurement? 
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