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How Big?

How Far Apart?
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How Far Apart?

How Far Apart?
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The Act of Measurement

Accuracy, Precision, and Reliability
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Accuracy, Precision, and Reliability

Accuracy, Precision, and Reliability
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Accuracy, Precision, and Reliability

Accuracy versus Precision
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Accuracy versus Precision

Evolution of Standards

The meter is the length of the path The meter is the length of the path 
travelled by light in vacuum during a 
time interval of 1/299,792,458 of a 
second
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Origin of the Metric System

Legality of the Metric System in the United States

• In 1988, Congress passed the Omnibus Trade and Competitiveness Act, which 
designates "the metric system of measurement as the preferred system of weights 
and measures for United States trade and commerce." Among many other things, the 

t i  f d l i  t   t i  t  i  l  ll f th i  act requires federal agencies to use metric measurements in nearly all of their 
activities, although there are still exceptions allowing traditional units to be used in 
documents intended for consumers. 

•The U.S. adopted the metric system in 1866. What the U.S. has failed to do is to 
restrict or prohibit the use of traditional units in areas touching the ordinary citizen: 
construction, real estate transactions, retail trade, and education. The U.S. has not 
made the crucial transition from "soft metric" to "hard metric", so that "1 pint (473 mL)" 
becomes "500 mL (1.057 pint)", with the traditional equivalent fading into smaller type ( p ) , q g yp
sizes and finally disappearing.

http://www.unc.edu/~rowlett/units/usmetric.html
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The International Inch

Inch, unit of measure
•An inch (plural: inches; symbol or abbreviation: in) is the name of a unit of length in a 
number of different systems, including English units, Imperial units, and United States 

t  it  It  i    f  t  t  t  Th   36 i h  i   customary units. Its size can vary from system to system. There are 36 inches in a 
yard and 12 inches in a foot. A corresponding unit of area is the square inch and a 
corresponding unit of volume is the cubic inch. The inch is the virtually universal unit 
of measurement in the United States, and is very commonly used in Canada and the 
United Kingdom. In the US and the UK, personal heights are expressed in feet and 
inches by people of all ages. In 1958 the United States and countries of the 
Commonwealth of Nations defined the length of the international yard to be precisely 
0.9144 metres. Consequently, the international inch is defined to be equal to 25.4 q y, q
millimetres. The English word inch comes from Latin uncia meaning "one twelfth 
part" (in this case, one twelfth of a foot); the word ounce (one twelfth of a troy pound) 
has the same origin.

http://www.unitconversion.org/length/inch-conversion.html

Fundamental Criteria for the Evaluation of 
Possible Measurement Systems

•Naturalness of the Systems
•Economic Considerations
•Either/or reasoning
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The Best System

The “best” system of measurement depends on what is 
being measured, what use the measurement has, whether g , ,
scientific, commercial, or cultural, and the audience who 
must understand the results of the measurement process. 
We must use the measurement system that helps other 
people understand the goals that we are trying to 
accomplish—the goals that created the need to measure 

fin the first place.

Practical Criteria

To determine the best system of measurement, we use three factors:
1. Metrological factor—which act of measurement will yield usable results
2. Computational factor—which system yields figures that we can use mathematically2. Computational factor which system yields figures that we can use mathematically
3. Communicative factor—which system makes it easiest for us to share the 

measurement with other people

In turn, each of these factors must be evaluated by four subcriteria, whether the 
systems provide:
1. Maximum measurement potential
2. Minimum time required
3 Minimum error potential3. Minimum error potential
4. Minimum cost incurred
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Practical Criteria

The Decimal-Inch System

In order to try to eliminate some of the computational problems with the inch 
system, the decimal-inch system was created. It is not such a new idea because 
the decimal foot was used in surveying in the United States before 1856  In fact  the decimal foot was used in surveying in the United States before 1856. In fact, 
until the Civil War, 1/64 in. was the smallest standard measurement used in 
practical work; thousandths of an inch were nothing more than theories.
The decimal-inch system made its first major breakthrough into popular use when, 
in 1930, the Ford Motor Company adopted it, followed quickly by the aircraft 
industry. The Society of Automotive Engineers (SAE) published a complete 
decimal-inch dimensioning manual in 1946. Thirteen years later, the American 
Standards Association (ASA) and the Society of Manufacturing Engineers (SME) 
chose to jointly urge greater use of the decimal-inch, proposing an American 
standard for its definition and use.
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Metrological Considerations

Communications Considerations
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Communications Considerations

Computational Considerations
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Rounding-Off Numerical Values

Rounding-Off Numerical Values
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• Because it is necessary to understand each other, some terms must have specific 
meanings. Linear measurement expresses distance between points. It permits distances 
to be reproduced. A measurement consists of a unit of length and a multiplier. Each 
measurement begins at a reference point and terminates at a measured point. It lies 
along a line of measurement, which must have a known relationship to the feature being 
measured

Summary

measured.

• A feature is a measurable characteristic. It is bounded by edges, usually but not always, 
formed by the intersection of planes. The dimension of the feature is the designer’s 
concept of perfection. Features of actual parts are not perfect.

• Measurement shows the deviation from perfection. The measured conformity to the 
dimension is the accuracy. The refinement with which this can be known is the precision. 
The effect of accuracy and precision on attaining the desired results is reliability. 
Precision is essential for reliability but alone cannot produce it. Increased reliability 
requires increased accuracy and that requires increased precision.requires increased accuracy and that requires increased precision.

• Therefore, the general term used to denote progress in measurement is precision.

• There is no insurmountable difficulty involved in a total change from the inch-pound 
system to the metric system, nor is there any convincing proof that such a change is 
needed or desirable.

• The metric system is unquestionably superior in ease of computation. Popular use of the 
metric system in science clearly advocates its continued use. The units of the metric 

Summary

metric system in science clearly advocates its continued use. The units of the metric 
system were selected theoretically. It is not surprising that they bear little natural relation 
to most things in the real world, including the resolving power of the human eye.

• The inch-pound system is handicapped by an apparently disorderly assortment of units. 
This slows computation and sometimes clogs communication. However, its basic units are 
of such convenience that it finds wide use even in places in which the metric system is 
the legal system. While design engineers often use metric dimensions, the inch system is 
still the primary measurement system used in tool rooms within the United States.

• Each system has merit and has roles in which it is fully accepted. It is even possible to 
b  d i t  f   t  t  h  th  th   l  f thi  i  th  borrow good points from one system to enhance the other; an example of this is the 
decimal-inch. Furthermore, in this computer age the system of annotation is relatively 
unimportant and should not be an issue. Our efforts are needed far more for the 
application of sound principles and the perfection of our reference standards.



16

http://ts.nist.gov/WeightsAndMeasures/Publications/appxc.cfm
http://www.convert-me.com/en/
http://www.unc.edu/~rowlett/units/
http://www measurement com/
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