m Units, Standards, and the SI System

The measurement of any quantity is made relative to a particular standard or
unit, and this unit must be specified along with the numerical value of the quan-
tity. For example, we can measure length in units such as inches, feet, or miles, or
in the metric system in centimeters, meters, or kilometers. To specify that the
length of a particular object is 18.6 is meaningless. The unit must be given; for
clearly, 18.6 meters is very different from 18.6 inches or 18.6 millimeters.

For any unit we use, such as the meter for distance or the second for time,
we need to define a standard which defines exactly how long one meter or one
second is. It is important that standards be chosen that are readily reproducible
so that anyone needing to make a very accurate measurement can refer to the
standard in the laboratory.

Length

The first truly international standard was the meter (abbreviated m) established
Standard of length (meter)  as the standard of length by the French Academy of Sciences in the 1790s. The
standard meter was originally chosen to be one ten-millionth of the distance from
the Earth’s equator to either pole,” and a platinum rod to represent this length
was made. (One meter is, very roughly, the distance from the tip of your nose to
the tip of your finger, with arm and hand stretched out to the side.) In 1889, the
meter was defined more precisely as the distance between two finely engraved
marks on a particular bar of platinum-iridium alloy. In 1960, to provide greater
precision and reproducibility, the meter was redefined as 1,650,763.73 wave-
lengths of a particular orange light emitted by the gas krypton-86. In 1983 the
meter was again redefined, this time in terms of the speed of light (whose best

FIGURE 1-8 Some lengths: measured value in terms of the older definition of the meter was 299,792,458 m /s,
(a) viruses (about 10”"m long) with an uncertainty of 1 m/s). The new definition reads: “The meter is the length
attacking a cell: (b) Mt. t"*’fe“ . of path traveled by light in vacuum during a time interval of 1/299.792.458 of a
height is on the order of 10" m second.” !

(8850 m. to be precise).

British units of length (inch, foot, mile) are now defined in terms of the
meter. The inch (in.) is defined as precisely 2.54 centimeters (cm; 1 cm = 0.01 m).
Other conversion factors are given in the Table on the inside of the front cover
of this book. Table 1-1 presents some typical lengths, from very small to very
large, rounded off to the nearest power of ten. See also Fig. 1-8. [Note that the
abbreviation for inches (in.) is the only one with a period, to distinguish it from
the word “in™.]

TABLE 1-1 Some Typical Lengths or Distances (order of magnitude)

Length (or Distance) Meters (approximate)
Neutron or proton (radius) 105 m
Atom [0t m
Virus [see Fig. 1-8a] 1077 m
Sheet of paper (thickness) 107% m
Finger width 1072 m
Football field length 10 m
Height of Mt. Everest [see Fig. 1-8b] 10 m
Earth diameter 107 m
Earth to Sun 10" m
Earth to nearest star 10" m
Earth to nearest galaxy 107 m
Earth to farthest galaxy visible 10°° m
"Modern measurements of the Earth’s circumference reveal that the intended length is off by about

one-fiftieth of 1%. Not bad!
"The new definition of the meter has the effect of giving the speed of light the exact value of
299,792 458 m/fs.
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