Units and Measurements

Random Errors

Definition:

Random errors are those errors that occur irregularly and hence are random with respect to sign and
size. These errors can arise due to various unpredictable fluctuations and factors during the
experimental process.

Causes:

1. Random fluctuations in experimental conditions such as temperature, voltage supply, mechanical
vibrations, etc.

2. Personal errors by the observer taking readings, which are unbiased. For example, the same
person may get different readings every time they repeat the same observation.

Characteristics:

e Random errors are irregular and can be both positive and negative.
e They affect the precision of measurements but not necessarily the accuracy.

Least Count Error

Definition:
The least count error is the error associated with the resolution of the measuring instrument. It
represents the smallest value that can be measured by the instrument.

Examples:

e Avernier caliper with a least count of 0.01 cm.
¢ A spherometer with a least count of 0.001 cm.

Characteristics:

e Least count errors occur within a limited size and can affect both systematic and random errors.
e Using instruments with higher precision and improving experimental techniques can reduce least
count errors.

Reducing Errors

e Repeated Measurements: Taking multiple measurements and using the arithmetic mean helps
reduce random errors.

e Improved Techniques: Using better experimental techniques and instruments with higher
precision can minimize errors.

Absolute Error, Relative Error, and Percentage Error
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Absolute Error

¢ Definition: The magnitude of the difference between the individual measurement and the true
value of the quantity.

e Formula:
Aa; = a; — amean

e The absolute error can be positive or negative, but its magnitude | Aa| is always positive.

Mean Absolute Error

e Definition: The arithmetic mean of all the absolute errors is taken as the final or mean absolute
error of the measurement.
e Formula:

Almean = % Z?:] |Aai|
Relative Error (Percentage Error)

e Definition: The relative error is the ratio of the mean absolute error to the mean value of the
measured quantity, often expressed as a percentage.

e Formula:
561 — Admean

Amean

Implications

e The true value of a measured quantity a is likely to be within the range:
Amean ~ Almean < @ < Amean T Admean

By understanding and minimizing random and least count errors, the accuracy and precision of
experimental measurements can be significantly improved.
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