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1.2 Classification of Errors in Measurement
Introduction to Measurement Errors

« Definition: Errors in measurement refer to the difference between the measured value
and the true value of the quantity.

e Importance: Identifying and understanding errors help in improving the accuracy and
reliability of measurements.

Types of Errors
Systematic Errors

« Definition: Consistent, repeatable errors associated with faulty equipment, calibration, or
measurement techniques.
o Characteristics:
o | Predictable and usually have a known cause.
o = Can often be corrected once identified.
e Sources:
o Instrumental Errors: Caused by imperfections or malfunctions in measuring
instruments (e.g., @ miscalibrated scale).
o - Environmental Errors; Result from external conditions affecting measurements
(e.g., temperature fluctuations).
o Observational Errors: Errors due to the observer's perception or judgment (e.g.,
parallax error).
o Theoretical Errors: Due to simplifications or assumptions in the measurement
method or model (e.g., neglecting air resistance in free-fall experiments).

Random Errors

« Definition: Errors that arise from unpredictable variations in the measurement process.
e Characteristics:
o Vary in magnitude and direction.
o Cannot be completely eliminated but can be reduced by repeated measurements.
e Sources:
o /Environmental Variations: Small, random changes in environmental conditions.
o Instrumental Variations: Minor, unpredictable fluctuations in the performance
of measurement instruments.
o Human Factors: Inconsistent human response or reaction times.

Other Classifications of Errors

Gross Errors

« Definition: Large errors usually caused by human mistakes, such as recording errors or
misreading instruments.
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e Characteristics:
o Often easily identifiable and correctable.
o Can lead to significant deviations from the true value.

Absolute and Relative Errors

e Absolute Error:
o Definition: The difference between the measured value and the true value.

o Relative Error:
o Definition: The ratio of the absolute error to the true value, often expressed as a

percentage.
Formula: Relative Error=(Absolute/ Error True Value)x100
Methods to Reduce Errors

Calibration

o Regular calibration of instruments to maintain accuracy.
o Comparing measurements with known standards.

Repeated Measurements

o Taking multiple measurements and averaging the results to reduce the impact of random
errors.

Proper Instrumentation

e Using high-quality, well-maintained instruments to minimize instrumental errors.
« Ensuring instruments are appropriate for the measurement range and sensitivity required.

Controlled Environment

o Conducting measurements in a controlled environment to minimize environmental errors.
« Using environmental controls such as temperature and humidity regulation.

Training and Skill

« Providing adequate training to personnel to reduce observational and gross errors.
« Ensuring consistent measurement techniques and proper use of instruments.

Summary

Understanding and classifying measurement errors are crucial for improving measurement
accuracy and reliability. Systematic errors can often be identified and corrected, while random
errors can be minimized through repeated measurements and proper techniques. Gross errors
require careful attention to human factors, and both absolute and relative errors provide useful
metrics for assessing measurement accuracy.
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