how to calculate percentage uncertainty
physics

how to calculate percentage uncertainty physics is a fundamental skill in the field of
physics that helps in quantifying the uncertainty of measurements. Understanding how to
calculate percentage uncertainty allows physicists and students alike to assess the
reliability of their data. This article will delve deep into the methods of calculating
percentage uncertainty, the significance of uncertainty in measurements, and practical
examples to illustrate the concepts clearly. We will also discuss common sources of
uncertainty and how they affect experimental results. By the end of this guide, you will
have a comprehensive understanding of how to approach and calculate percentage
uncertainty in physics.
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Understanding Uncertainty in Physics

Uncertainty in physics refers to the doubt that exists about the result of any measurement.
No measurement is exact; all have some level of uncertainty associated with them. This
uncertainty can arise from various sources, including limitations in measurement tools,
environmental factors, and human error. Recognizing and quantifying this uncertainty is
crucial in experimental science, as it affects the interpretation of data and the conclusions
drawn from it.

In the realm of physics, uncertainty is expressed in two main ways: absolute uncertainty
and relative uncertainty. Absolute uncertainty is the uncertainty of a measurement
expressed as a fixed quantity, while relative uncertainty is the uncertainty of a
measurement expressed as a fraction or percentage of the measured value. This article
will focus on how to calculate percentage uncertainty, which is particularly useful in
comparing the reliability of different measurements.



Types of Uncertainty

There are two primary types of uncertainty that physicists deal with: systematic
uncertainty and random uncertainty. Understanding the distinction between these two
types is essential for effective measurement and analysis.

Systematic Uncertainty

Systematic uncertainties are consistent, repeatable errors that occur due to flaws in the
measurement system. These can arise from calibration errors in instruments, biases in
measurement techniques, or environmental influences that consistently affect results. For
example, if a scale is incorrectly calibrated, all measurements taken will be offset by the
same amount, leading to systematic uncertainty.

Random Uncertainty

Random uncertainties arise from unpredictable variations in measurements. These can be
caused by fluctuations in the environment, such as temperature changes or human error
during data collection. Unlike systematic errors, random errors can be minimized by
taking multiple measurements and calculating an average. Understanding both types of
uncertainty is crucial when calculating percentage uncertainty.

How to Calculate Absolute and Percentage
Uncertainty

To effectively deal with uncertainties in physics, one must first understand how to
calculate absolute uncertainty before moving on to percentage uncertainty. Absolute
uncertainty is often determined during measurements and is typically given in the same
units as the measurement itself.

Calculating Absolute Uncertainty

Absolute uncertainty can be calculated using the following steps:

1. Identify the measurement and its precision. For example, if a ruler has markings
every millimeter, the absolute uncertainty of a measurement taken with that ruler is
+0.5 mm.



2. Determine the uncertainty based on the precision of the measuring instrument. This
is often half of the smallest division on the measuring scale.

3. Express the measurement along with its absolute uncertainty. For instance, if you
measure the length of an object to be 20 cm with an absolute uncertainty of 0.5 cm,
you would express it as 20 = 0.5 cm.

Calculating Percentage Uncertainty

Once you have the absolute uncertainty, calculating percentage uncertainty is
straightforward. The formula for percentage uncertainty is:

Percentage Uncertainty = (Absolute Uncertainty / Measured Value) x 100%

To illustrate this, let’s assume you measure a length of 10.0 cm with an absolute
uncertainty of £0.2 cm. The percentage uncertainty would be calculated as follows:

1. Identify the absolute uncertainty: 0.2 cm.
2. Identify the measured value: 10.0 cm.

3. Apply the formula: (0.2 cm / 10.0 cm) X 100% = 2%.

Thus, the percentage uncertainty in this measurement is 2%, indicating that the
measurement may vary by 2% from the reported value.

Practical Examples

Understanding how to calculate percentage uncertainty is best achieved through practical
examples. Here are a couple of scenarios to illustrate this concept clearly.

Example 1: Measuring Time

Suppose you are timing a reaction that takes 30.0 seconds, and your stopwatch has a
precision of +0.1 seconds. To find the percentage uncertainty:

1. Absolute uncertainty = +0.1 seconds.



2. Measured value = 30.0 seconds.

3. Percentage uncertainty = (0.1 / 30.0) x 100% = 0.33%.

The percentage uncertainty for the time measurement is 0.33%.

Example 2: Measuring Mass

Now consider measuring the mass of an object that weighs 250.0 grams, with a balance
that has an absolute uncertainty of 0.5 grams. The percentage uncertainty calculation
would be:

1. Absolute uncertainty = £0.5 grams.
2. Measured value = 250.0 grams.

3. Percentage uncertainty = (0.5 /250.0) x 100% = 0.2%.

This indicates that the measurement of mass has a percentage uncertainty of 0.2%.

Common Sources of Uncertainty

In physical experiments, various factors contribute to uncertainty in measurements.
Understanding these can help in minimizing them in future experiments. Here are some
common sources of uncertainty:

e Instrument Precision: The limitations of measuring instruments can introduce
uncertainty. Always consider the precision of the instrument used.

 Environmental Factors: Changes in temperature, humidity, or pressure can affect
measurements, particularly in sensitive experiments.

e Human Error: Misreading instruments or recording data incorrectly can lead to
significant uncertainties.

e Sample Variability: When measuring properties of materials, intrinsic variability
can cause differences in measurements.

e Calibration Errors: Inaccurate calibration of instruments leads to systematic
uncertainties, which should always be checked.



By being aware of these sources, one can take steps to mitigate their effects and improve
the accuracy of measurements.

Conclusion

Calculating percentage uncertainty is an essential skill for anyone engaged in
experimental physics. It helps quantify the reliability of measurements and provides a
clearer understanding of the data obtained in experiments. By learning how to compute
both absolute and percentage uncertainty, as well as recognizing the common sources of
uncertainty, you can enhance the quality and trustworthiness of your scientific work.
Remember, uncertainty is not just a nuisance but a vital part of scientific inquiry that
informs us about the precision and accuracy of our measurements.

Q: What is percentage uncertainty in physics?

A: Percentage uncertainty is a way of expressing the uncertainty of a measurement as a
percentage of the measured value. It helps to quantify how reliable a measurement is by
comparing the absolute uncertainty to the measured value.

Q: How do I find the absolute uncertainty of a
measurement?

A: Absolute uncertainty can be found by determining the precision of the measuring
instrument. It is usually considered to be half of the smallest division of the instrument's
scale.

Q: Why is it important to calculate percentage
uncertainty?

A: Calculating percentage uncertainty is important because it allows scientists to assess
the reliability and accuracy of their measurements. It provides a standardized way to
compare different measurements and experiments.

Q: Can you give an example of calculating percentage
uncertainty?

A: Sure! If you measure a length of 50.0 cm with an absolute uncertainty of £0.5 cm, the
percentage uncertainty would be (0.5 / 50.0) x 100%, which equals 1%.



Q: What are common sources of uncertainty in physics
experiments?

A: Common sources of uncertainty include instrument precision, environmental factors,
human error, sample variability, and calibration errors.

Q: How can I reduce uncertainty in my measurements?

A: You can reduce uncertainty by using higher precision instruments, ensuring proper
calibration, taking multiple measurements, and controlling environmental factors during
the experiment.

Q: Is percentage uncertainty the same as relative
uncertainty?

A: Yes, percentage uncertainty is often referred to as relative uncertainty when expressed
as a percentage. It indicates how significant the uncertainty is relative to the size of the
measurement.

Q: What is a systematic error, and how does it relate to
uncertainty?

A: A systematic error is a consistent, repeatable error that affects measurements in a
predictable way, leading to systematic uncertainty. It is important to identify and account
for these errors when calculating overall uncertainty.

Q: How does random uncertainty differ from systematic
uncertainty?

A: Random uncertainty arises from unpredictable variations in measurements, while
systematic uncertainty results from consistent biases in the measurement process.
Random uncertainty can be reduced by averaging multiple measurements, whereas
systematic uncertainty requires correction or calibration adjustments.
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