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Measurement is at the heart of physics. Indeed,
observation and measurement are central to
the whole of science. Measurement requires
units to express how heavy, how long, or how

old something is. Science uses a wide range of
units that measure everything from the size of
an atom to the age of the universe.

In everyday life we use a variety of units, usually chosen to
suit the thing that we are measuring For instance, we measure
the distance to the next t ) or city in mile

parking lot in yards, the height of a flagpole in feet, and the size

of a piece of paper in inches. These are all units of length—

distance is simply a length along the ground, and height s a

But such a mixture of units can be ar

1 we have to do the math in

These sausage-shaped objects are Salmonella bacteria, each about
a micrometer long. They are shown here magnified about 100,000
times in an artificially colored image taken by a scanning electron
microscope (SEM).
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SI SYSTEM OF UNITS

Shown below are the seven base units of the SI system, which are supplemented by radians and steradians for measuring angles in
advanced math (1 radian equals about 57 degrees). Among the important derived units are the hertz, used for measuring frequency;
the newton, for measuring force; the ohm, volt, and watt used for measuring electrical resistance, voltage, and power, respectively;

and the joule, for measuring energy.

Mass Amount of Length Current Luminous | Temperature Time
substance intensity
Sl unit kilogram mole meter ampere candela kelvin second
Symbol mol m A cd K s

kg
=,

For example, 1 U.S. pint equals 0.473 liters, while 1 British pint
equals 0.568 liters (the British pint is bigger than the U.S. pint).
The British gallon is also 1.2 times larger than the U.S. gallon.

@

¥ Luminous intensity: The light-emitting power of a

SCIENCE WORDS

Scientists get around these problems by having only one unit
source of light.
& Mass: The amount of matter in an object.

for length—the meter. Every length is measured in meters or in

multiples of meters (for example, kilometers) or in submultiples

¥ Slunits: System of units used internationally in of meters (for example, centimeters).
science (short for Systéme International d' Unités, its
name in French). There are seven base units (ampere,
candela, kelvin, kilogram, meter, mole, and second) and
various derived units, which are combinations of base
units.

&% Standard form: A way of expressing very large or very

\

To make the multiples and submultiples there are a number of
standard prefixes that go before the word for the base unit. For
example, the prefix kilo- means “1,000 times:" 1 kilometer =
1,000 meters (written as 1 km = 1,000 m). In a similar way, centi-
means “1/100" 1 centimeter (1 cm) = 1/100 meter (0.01 m).

; Thus the distance from Chicago to Los Angeles is about 1,740
small numbers that uses an index to represent powers of

S : - km; the length of a new pencil is about 18 cm. There is a list of
10. For example, 10,000,000 is 10" and 0.000002is 2 * 10°".

these prefixes on page 7.
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The metric system

The meter is a unit in the metric system. This system was invented in
France about 200 years ago, when the meter was taken to be a ten-
millionth of the distance from the Equator to the North Pole along the
Paris meridian. The kilogram is also a metric unit. The metric system is
used for everyday measurements in most European countries and is

becoming increasingly common in the United States.

Science uses a version of the metric system called the SI system (so called

(a) Human forearm, about 0.5 meter long. (b) Simple balance for weighing.

(c) Water clock for telling time. (d) Sundial for telling time of day. (e) Astrolabe
for measuring angles of stars. (f) Hourglass for measuring elapsed time. (g)
Micrometer for measuring small thicknesses. (h) Sextant for measuring the Sun's
L angle in the sky.

o ‘
The illustration below shows some old types of measuring instrument: } ‘




METRIC PREFIXES

atto— a *40" 1
femto— f *qQ P
pico— P 10"
nano- n *1Q
micro— u =40
milli— m 10 ?

Here are some examples:

Prefix Symbol Multiple Prefix Symbol Multiple Prefix Symbol Multiple

centi- c *107 mega-— M *10°
d 40" giga- G *10°
deca- da *10 tera- T *10"
hecto— h *10° peta— P *10"
k *10° exa— E *10'

picofarad (pF), equal to 10™* farads, used to measure capacitance
nanometer (nm), equal to 10" meters, used to measure molecules
micreampere ( A), equal to 10 "amperes, used to measure nerve impulses
milligram (mg), equal to 10~ grams, used to weigh out medicines
centiliter (cl), equal to 107 liters, used to measure wine

hectare (ha), equal to 10 ares, used for areas of fields

kilovolt (kV), equal to 10" volts, used for railroad voltages

megawatt (MW), equal to 10” watts, used for a power-plant output
gigabyte (Gb), equal to 10 bytes, used for computer storage capacity

A pole vaulter clears the bar at a track-and-field contest. Athletes'
achievements are measured in metric units. The world women's high
jump record is more than 5 meters (16.4 feet).

An atomic clock, such as this, keeps time to an accuracy of better than
1 second in 30,000 years.

after its Frenchéname, Syste me International d' Unités). This
system has seven base units, shown at the top of page 5, two
supplementary, and various derived units. There are 18 derived
units, each with a special name and made from combinations
of the seven base units. The base unit of mass is the kilogram
(= 1,000 grams), chosen because the gram (about 1/30 0z) is
too small for many measurements. Throughout this book we
usually give measurements both in Sl and their customary
equivalents, but sometimes only in Sl units when this is most

relevant.

Standard form

When measurements are made using SI or metric units, some
of the numbers become very large indeed. For example, the
Earth lies about 150 million km from the Sun, which in figures is
150,000,000 km. Standard form uses an index to express large
numbers as powers of 10. For instance, 1,000 = 10" and 1,000,000
=10 So the distance to the Sunis 1.5 * 10° km. A human hair

is about a ten-thousandth of a meter across, or 0.0001 m. In

standard form this is writtenas 1 * 10" m.
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