Measurement and Uncertainty






name:__________________________
 
Determining a measured value including uncertainty



section:_____ date:_______________

Objective

Our objectives for this activity are:

· To learn techniques for determining the measured value and uncertainty using various measuring instruments such as rulers, electronic balances and graduated cylinders.

· To learn to express measurements and uncertainty as absolute and relative values.
Introduction
When reporting a measured value, we must always state the uncertainty of the measurement; that is, we must be able to state the range of possible range of values within which we believe the true value of the measurement lies. This activity will show how to read various measurement devices and how to determine the uncertainty for each.
We’ll use a technique called “high, low, middle” to establish the range of possible values. Then, we’ll express the range of measurements as an absolute value and a relative value. 
Procedure
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In each of the following cases, use the photo images to determine each of the quantities. Note that the highest and lowest values are your best estimate – there is not one specific correct answer.  To calculate the other values, use the methods shown in the Measurement and Uncertainty Packet. As a reminder, the measured value is the mid-point of the range – the average of the highest and lowest values. That is:
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The absolute uncertainty is the half of the difference between the highest and lowest possible values:
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highest possible value = __________ cm
lowest possible value = __________ cm

mid-point of the range of values = _________ cm

half of the range of possible values: _________ cm
width of pencil = _______ ± ______ cm
width of pencil = _______ ± ______ %
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highest possible value = __________ cm

lowest possible value = __________ cm

half the difference: _________ cm
mid-point of the range of values = _________ cm
height of brick = _______ ± ______ cm

height of brick = _______ ± ______ %
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highest possible value = __________ ml
lowest possible value = __________ ml
mid-point of the range of values = _________ ml
half the difference: _________ ml
volume = _____±_____ml

volume = _____ml ±_____%
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display on Voltmeter (in Volts)
	highest possible value = __________ V

lowest possible value = __________ V

mid-point of the range of values = _________ V

half the difference: _________ V
Voltage = _____±_____V

Voltage = _____V ±_____%
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display on Voltmeter (in Volts)
	highest possible value = __________ 
lowest possible value = __________ V

mid-point of the range of values = _________ V

half the difference: _________ V
Voltage = _____±_____

Voltage = _____V ±_____%
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display on Voltmeter (in Volts)
	highest possible value = __________ V

lowest possible value = __________ V

mid-point of the range of values = _________ V

half the difference: _________ V
Voltage = _____±_____

Voltage = _____V ±_____%
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highest possible value = __________ ml

lowest possible value = __________ ml

mid-point of the range of values = _________ ml

half the difference: _________ ml
volume = _____±_____ml

volume = _____ml ±_____%
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highest possible value = __________ g

lowest possible value = __________ g

mid-point of the range of values = _________ g

half the difference: _________ g
mass = _____±_____g

mass = _____g ±_____%
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highest possible value = __________ pounds

lowest possible value = __________ pounds

mid-point of the range of values = _________pounds

half the difference: _________ pounds
weight = _____±_____pounds

weight = _____pounds ±_____%


Questions
1. Which measurement has the highest absolute uncertainty?


2. Which measurement has the lowest absolute uncertainty?


3. Which measurement has the highest relative uncertainty?


4. Which measurement has the lowest relative uncertainty?


5. Were any of the measurements exact? That is, did any of the measurements have zero uncertainty? Explain your answer.

6. Consider the first two measurements, the width of the pencil and the height of the brick.

a. Compare the absolute uncertainties of the two measurements. Which was greater? 


b. Compare the relative uncertainties of the two measurements. Which was greater?

c. Since both measurements were made using the same device ( a meter stick) why do the measurements have such different relative uncertainty? 


d. Based on your answer, estimate the relative uncertainty of a measurement made using the same meter stick when measuring the length of an object about 1 meter long.
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