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1.1 Basics of Measurement

Introduction to Measurement

o Definition: Measurement is the process of obtaining the magnitude of a quantity relative

to an agreed standard.
e Purpose: Measurements are fundamental for science, engineering, commerce, and daily
life.
e Types of Measurements:
o Direct Measurement: Measuring directly with an instrument (e.g., using a ruler

to measure length).
o Indirect Measurement: Deriving measurements through calculations based on

other measurements (e.g., using trigonometry to measure the height of a building).

Units of Measurement

o Base Units: The fundamental units in a system of measurement (e.g., meter, kilogram,

second).

o Derived Units: Combinations of base units (e.g., meters per second for velocity).

e Sl Units (International System of Units): The modern form of the metric system,
universally used in science and most industries.

Measurement Systems

e Metric System: Based on meters, kilograms, and seconds. Widely used around the
world.

« Imperial System: Uses units like inches, feet, and pounds. Common in the United States.

o Conversion: Understanding and converting between different measurement systems is
crucial for global communication and trade.

Measurement Instruments

e Length: Ruler, tape measure, caliper, micrometer.

o Mass: Balance scale, digital scale.

« Time: Stopwatch, clock, atomic clock.

e Temperature: Thermometer, thermocouple, infrared sensor.
e Electric Current: Ammeter, multimeter.

Accuracy, Precision, and Error

e Accuracy: How close a measurement is to the true value.
e Precision: How repeatable or consistent measurements are.
e Error: The difference between the measured value and the true value.
o Systematic Error: Consistent and repeatable error caused by faulty equipment or
bias.
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o Random Error: Error caused by unpredictable variations in the measurement
process.

Significant Figures

e Rules for Significant Figures:
o Non-zero digits are always significant.
o Any zeros between significant digits are significant.
o Leading zeros are not significant.
o Trailing zeros in a decimal number are significant.
o Usage: Significant figures are important in reporting the precision of measurements.

Measurement Techniques

o Direct Reading Instruments: Instruments where the measurement can be read directly
(e.g., a thermometer with a scale).

o Comparison Instruments: Instruments that compare an unknown guantity with a known
standard (e.g., a balance scale).

e Indirect Methods: Techniques like triangulation, interpolation, and extrapolation used
when direct measurement is not possible.

Calibration

o Definition: The process of comparing an instrument's measurements to a known standard

to ensure accuracy.

e Purpose: Ensures measurement accuracy and reliability.

e Process: Involves adjusting the instrument as necessary and documenting the calibration
process.

Measurement Standards

e Primary Standards: The highest standard with the most accurate and precise values,
usually maintained by national laboratories.

o Secondary Standards: Calibrated against primary standards and used for routine
calibration of instruments.

o Tertiary Standards: Used for day-to-day measurements and are calibrated against
secondary standards.

Uncertainty in Measurement
« Definition: An estimate of the range within which the true value lies.
e Components: Includes both the systematic and random errors.

o Reporting: Expressed as a range (e.g., £0.01 cm) or as a percentage of the measured
value.
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Dimensional Analysis

e Purpose: To convert units from one system to another and to check the consistency of
equations.

e Method: Involves multiplying by conversion factors that cancel out the original units and
introduce the desired units.

Summary
Understanding the basics of measurement is crucial for accuracy and precision in various fields.

Proper use of units, measurement instruments, and techniques ensures reliable and consistent
results. Calibration and error analysis further enhance the reliability of measurements.
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