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Chapter  3
Metric System

OB J E C T I V E S

Upon completion of this chapter the clinician should be able to:

1. Distinguish between counting and measuring systems

2. Demonstrate a working knowledge of major units of measure in the metric
system, including units of volume, mass, and length

3. Identify and explain metric prefixes

4. Use unit conversion factors to convert between different metric units

5. Demonstrate a working knowledge of major units of measure in the
apothecary system

6. Use unit conversion factors to make conversions between basic metric and
apothecary units

KE Y TE R M S

apothecary system
Arabic number system
Celsius
centi
deci
deka
gram
hecto
kilo
kilogram

liter
mega
meter
metric system
micro
milli
nano
syrup
unit conversion 

factor

You shall do no unrighteousness in judgment, in measure of length, in weight, or 
in quantity. Just balances, just weights, shall ye have.

—Leviticus. Chapter 19, verse 35–36.

Exhibit 3-1
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Chapter 3: Metric System

SYSTEMS OF MEASUREMENT

The Industrial Revolution brought many changes to the world. A concept
of standardizing machine parts was developed initially by the military
organizations of the world. Until the advent of the Industrial Revolution,
even simple machines were individually handcrafted without interchange-
able parts. Industry recognized the need to have tools and weapons with
interchangeable parts. It was costly to take machines out of service because
a single part failed. Replacement of interchangeable spare parts by unskilled
labor was a solution to the problem.

In the past, different areas of the world developed their own systems of
measurement. The British developed the apothecary system, which the
American colonies adopted. Americans still use many apothecary and house-
hold measurements. With the Industrial Revolution and increased world
trade, the need for a system of common measures became clear. The British
mile, the nautical mile, and the Roman mile are all different. The cubit, by
which Noah measured his ark, bears small resemblance to the British yard
or foot.

The U.S. legislature recognized this need for an international system of
measure. In 1975, it passed the Metric Conversion Act, which says that the
United States will convert to the metric system. The act does not set a spe-
cific time frame for conversion. Scientific units of measure are already uni-
versal and have led the way. Other units of measure will follow.

There exists in the United States three systems of measure: the metric
system, the apothecary system, and the household system. They have units
of measure that are approximately related to each other but are not exactly
equal. This text will concentrate on the metric system because it is the primary
system used in medical science.

THE METER

In 1799, the French Academy of Sciences convened to develop an inter-
national standard of measurement. Its members recognized that calcu-
lated astronomical measurements were the most precise measurements
available to them. These scientists decided to use the calculated distance
from the equator to the North Pole of the Earth as a starting measure-
ment for a unit of length. To reduce that measurement to manageable size,
they divided it by factors of 10 until they had a unit of length about the size
of a man’s stride. They found this division was one ten-millionth of the dis-
tance between the pole and the equator. They called this unit a meter,

46
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based on the Greek word for “measure.” The metric system of measure-
ment is built on the meter.

As the need for more precise measurements developed, the length of the
meter was redefined. In 1983 the meter was defined as the length of the
path traveled by light in a vacuum during an interval of 1/299,792,458 of
a second.

A single unit of measure was not enough. Larger and smaller units needed
to be defined. The Arabic number system, using 10 as a base, was accepted
worldwide. The scientists reasoned that a measurement system using the
base 10 would allow simple mathematical conversion between different
units of measure. The meter was divided by 10, then by 10 again, and so on
to form smaller units of measure. It was multiplied by 10, then by 10 again,
and so on to form larger units. Each unit of measure was identified by a pre-
fix indicating whether it was multiplied or divided and by how much, as
shown on Table 3-1.

The Liter 47

Table 3-1 Metric Prefixes

Multiplication Prefixes

mega ∗ 1,000,000

kilo ∗ 1,000

hecto ∗ 100

deka ∗ 10

Division Prefixes

deci � 10

centi � 100

milli � 1,000

micro � 1,000,000

nano � 1,000,000,000

A kilometer is 1 meter multiplied by 1,000.
A millimeter is 1 meter divided by 1,000. 

THE LITER

With units of length established, standard units of volume also were needed.
The most universally available substance that could be shaped to any con-
tainer or volume was distilled water. The scientists started with a cubic meter
of water as a unit of measure and discovered it weighed about 220 pounds.
This was not conveniently manageable. They reduced the cubic meter to a
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Chapter 3: Metric System

decimeter (one tenth of a meter) and discovered a very manageable unit of
size and weight (about 2.2 lb). This was called the liter. Smaller and larger
units of a liter are developed the same as the meter, using the same prefixes.

THE GRAM

Units of weight and units of volume are not related in the same way for every
material. A milliliter of lead weighs a lot more than a milliliter of air. A standard
metric relationship between weight and volume was established only for distilled
water. A weight equivalent to a liter was too much for the desired starting point.
The scientists settled on a weight of one milliliter of water as the unit of weight
to be called the gram. Smaller and larger units of a gram are created in the
same way as the meter and liter, using the same prefixes (Table 3-2).

48

Table 3-2 Metric Units

Units of measure—larger than the base unit

Prefix Meter Liter Gram Size of Unit

mega- megameter megaliter megagram 1,000,000 

kilo- kilometer kiloliter kilogram 1,000

hecto- hectometer hectoliter hectogram 100

deka- decameter dekaliter dekagram 10

Units of measure—smaller than the base unit

Prefix Meter Liter Gram Size of Unit

deci- decimeter deciliter decigram .1

centi- centimeter centiliter centigram .01

milli- millimeter milliliter milligram .001

micro- micrometer microliter microgram .000001

nano- nanometer nanoliter nanogram .000000001

THE METRIC SYSTEM

The simplicity of the metric system is that all the units are sized up or down
in the same way, using the same prefixes and using the base 10, as already
established by our counting system. 

In the metric system, known internationally as the International System of
Units (ISU), there are seven basic units of measure, as listed in Table 3-3. All
other metric units are derived from these basic units. For example, minutes
are derived from seconds, hours from minutes, etc.
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Abbreviations of metric terms, as a general rule, use lowercase (not
capitalized) letters, unless the metric term is derived from a proper name,
as in the terms Kelvin or Celsius. An exception to this rule in this text is the
abbreviation for the term liter. This text will use the uppercase letter L for
liter to avoid possible confusion between the lowercase letter l and the 
numeral 1.

Table 3-4 lists a few metric units of measure derived from the ISU’s seven
basic units of measure.

Metric Conversions 49

Table 3-3 International System of Units—Base Units

Quantity Metric Unit Symbol

length meter m

mass kilogram kg

temperature degree Kelvin �K

time second sec

electricity ampere a

luminous intensity candle c

amount of substance mole mol

Table 3-4 Additonal Units of Measure Derived from the ISU

Measure Unit Abbreviation

volume liter L

electrolyte concentration milliequivalents mEq

temperature degree Celsius �C

time minute/hour/etc. hr/min

METRIC CONVERSIONS

Conversions between larger or smaller units of metric measurements are
easily calculated. There is a constant ratio between different units of meas-
ure. This ratio is used to make any desired conversions from one unit of
measure to another. In Exhibit 3-2, to convert kilograms to grams, the ratio
used is 1 kg/1,000 g. Any value of kilograms may be converted to an equiv-
alent value of grams using this ratio in an equation.
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Chapter 3: Metric System

x was arbitrarily set up in the numerator on the left of this equation. x (the
asked for and unknown number of grams) was related to the known num-
ber of kilograms (4.2 kg) as a ratio. The known standard metric ratio of
grams to kilograms was used on the right of the equation. The ratio of
grams to kilograms is known to be 1,000 g to 1 kg.

Grams were placed in the numerator on both sides of the equation. This
is necessary to keep the equation in good form because kilograms was in the
denominator on the left and should also be in the denominator on the
right. The question asked for grams, so x represents a value in grams. x is
easier to solve for if it is in the numerator.

UNIT CONVERSION FACTOR

A ratio may be used in an equation in any way that contributes to solving
the equation. This means it may be used as:

1 kg:1,000 g 

or as:

1,000 g:1 kg 

This ratio is equal to the whole number 1 when it is reduced to its lowest
terms. A ratio of an equal amount between two or more different units of
measure equals 1 and is a unit conversion factor. This may be used to con-
vert between different units of measure. 

1,000 g

1 kg

1 kg

1,000 g

50

Question: How many grams is 4.2 kg?

Solution: To solve for x, we can set up a ratio equation using the 
unit conversion factor for kilograms to grams.

x � (1,000 g) 4.2 

x � 4,200 g

4.2 kg (x)

4.2 kg
=

(1,000 g) 4.2 kg

1 kg

x
4.2 kg

=

1,000 g

1 kg

Exhibit 3-2 Example Unit Conversion Factors 

49850_CH03_PASS02.QXP  9/23/08  12:48 AM  Page 50

© Jones and Bartlett Publishers, LLC.  NOT FOR SALE OR DISTRIBUTION.



Any two units of like measure (volume, length, or weight) have a unit con-
version factor. Unit conversion factors (UCF) may be used in an equation,
as shown in Exhibit 3-2, or in a substitution method.

The substitution method is a shortcut that takes the equation directly to
the second step of solving for x (Exhibit 3-4). This is possible because UCF
equations follow consistent steps and the second step may easily be pre-
dicted and used.

Unit Conversion Factor 51

A unit conversion factor is a ratio of an equal amount of different units of measure.
It is always equal to 1.

Exhibit 3-3 Unit Conversion Factor Definition

How many grams is 4.2 kg?

x � 4,200 g

x =

4,200 g

1

x =

4.2 kg

1
 � 

1,000 g

1 kg

x = 4.2 kg � 
1,000 g

1 kg

Exhibit 3-4 Substitution Method of Unit Conversion

The key to using this method is to recognize which unit of the UCF must
be placed in the numerator. A convenient UCF rule is that the unit asked
for in the answer, the “targeted” unit, is placed in the numerator. The start-
ing unit is placed in the denominator.

In setting up unit conversion factor problems, the targeted unit is placed in the
numerator, and the starting unit is placed in the denominator.

Exhibit 3-5 Unit Conversion Factor Rule
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Chapter 3: Metric System

APOTHECARY MEASUREMENTS

The apothecary system is the measuring system most commonly used in the
United States. Length is measured in inches, feet, yards, and miles. Volume
is measured in cups, quarts, and gallons. Weight is measured in ounces,
pounds, and tons. Scientific applications use metric measures.

Most medications are measured in metric measurements. Occasionally,
there may be an apothecary measurement, such as teaspoons or tablespoons,
for f luid medication. It may be necessary to make conversions between
apothecary and metric units. The most common need is to calculate dosages
based on patient weight or to measure size or distance. Most American cli-
nicians think in terms of pounds and feet or inches. It may be necessary to
convert these to kilograms and centimeters. The ratios between approxi-
mately equal units of measure are listed in Table 3-5.

52

Table 3-5 Apothecary to Metric Unit Conversion Factors

Apothecary Weight Metric

2.204 pounds (lb) 1 kilogram (kg)

15.432 grains (gr) 1 gram (g)

Length

1 inch (in) 2.54 centimeters (cm)

39.37 inches (in) 1 meter (m)

Fluid Volume

1.057 fluid quart (qt) 1 liter (L)

1 fluid ounce (oz) 28.3 grams (g)

The ratios in Table 3-5 may be used to convert from apothecary to
metric or vice versa. The ratios may be manipulated in an equation to suit
the clinician’s needs. Exhibit 3-6 is a conversion between pounds and
kilograms.

HOUSEHOLD MEASUREMENTS

The household measurement system is a system of measuring small vol-
umes of fluid and dry quantities (Exhibit 3-7). It must be stressed that the
system is imprecise. Measuring devices such as teaspoons, tablespoons, and
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cups are not precise instruments. The household system is rarely used for
prescribing medication. However, syrups may be prescribed to be taken by
the teaspoon or tablespoon.

Household Measurements 53

Exhibit 3-6 Example of Apothecary to Metric Conversion

1 teaspoon (t) 60 drops
5 milliliters
1/8 ounce
60 minims
60 grains

1 tablespoon (T) 3 teaspoons
1/2 fluid ounce
4 drams

1 cup 16 (fluid) tablespoons
12 (dry) tablespoons
8 fluid ounces

1 pint 2 cups
2 glasses
16 ounces
1/2 quart

Household units of measure are not precise.

Exhibit 3-7 Household Measures and Weights

How many kilograms does a 165 lb person weigh?

The most precise unit conversion factor for pounds to kilograms is 2.204 lb:1 kg,
but we have rounded the 2.204 lb off to one decimal point and are using 2.2 lb:
1 kg because it is accurate enough.

x � 75 kg

x =

165 kg

2.2

165 lb (x)

165 lb
=

(1 kg) 165 lb

2.2 lb

x
165 lb

=

1 kg

2.2 lb
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Chapter 3: Metric System

A few medications, primarily proteins, are not easily analyzed by lab-
oratory methods. These have measures of medication established by clin-
ical experiments on laboratory animals and subsequently on humans.
The measure is called a “unit.” There is no precise standard increment of
measure for a unit. Insulin is one example of a medication that is measured
in units.

Table 3-6 lists the units of measure in each of the three measuring systems.
It also displays approximately equal unit ratios of each.

54

Table 3-6 Comparison of Units of Measure

Metric Apothecary Household*

Weight 64 milligrams 1 grain none

1 gram 15.43 grains none

1 kilogram 2.204 pounds none

Volume 1 minim 1 drop

1 milliliter 15 minims 15 drops

3.7 milliliters 1 dram

5 milliliters 60 minims 1 teaspoon

30 milliliters 1 ounce 1 ounce

1 liter 1.057 quarts 1.057 quarts

Length 1 centimeter 0.3937 inch none

2.54 centimeters 1 inch none

1 meter 39.37 inches none

*Household units of measure are not precise. 

RE V I E W PR O B L E M S

Multiply each of the following numbers by the factors shown, and express
the answer as a decimal number if it is not a whole number.

A B C

1,000 0.001 0.01

1. 3.5

2. 35
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A B C

1,000 0.001 0.01

3. 350

4. 1

5.

6. 50 mg

7. 1,354

Identify the following metric prefixes by the quantity they represent. Include
both the fraction expression and the decimal expression.

Fraction Decimal

Ex. centi 1/100    0.01    

8. milli

9. micro 

10. nano 

11. deka 

12. hecto 

13. kilo 

Identify the following.

14. The metric unit of length is the .

15. The metric unit of mass (weight) is the .

16. The metric unit of volume is the .

17. is the international name for the metric system.

1>4

Review Problems 55
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Chapter 3: Metric System

Identify the unit conversion factor for each of the following.

Ex. pounds to kilograms 1 kg/2.2 lb

18. kilograms to pounds

19. grams to kilograms

20. milligrams to grams

21. kilograms to grams

22. grams to milligrams

23. milligrams to nanograms

24. liters to milliliters

25. milliliters to liters 

26. milliliters to g (of sterile water)

27. meters to millimeters

28. millimeters to meters

29. meters to centimeters

30. centimeters to meters

31. centimeters to inches

32. inches to centimeters

33. milliliters to ounces

34. ounces to milliliters

35. grams to grains

36. grains to grams

37. milligrams to grains

56
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38. nanograms to milligrams

39. grains to milligrams

40. meters to kilometers

41. kilometers to meters

42. grams to micrograms

43. micrograms to grams

44. milligrams to nanograms

45. nanograms to micrograms

Make the indicated conversions and fill in the following table.

46. 220 lb = kg or mg

47. 0.5 L = ml or dcl (deciliters)

48. 5.0 L = ml or dl (dekaliter)

49. 250 g = mg or mcg (microgram)

50. 250 mg = g or mcg

51. 250 mcg = mg or ng (nanogram)

52. 250 ml = L or g (of sterile water)

53. 10 gr = g or mg

54. 3 oz = ml or L

55. 60 ml = L or oz

56. 84 kg = lb or mg

57. 220 kg = mg or lb

Review Problems 57
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Chapter 3: Metric System

Arrange the values in Table 3-7 in ascending order.

58

Table 3-7 Comparisons of Units of Length, Volume, and Weight

Arrange the following from smallest to largest unit of measure:

5 in 5 cm 50 cm 1 yd 1 m

58. 59. 60. 61. 62.

Arrange the following from smallest to largest unit of measure:

1 qt 1 L 500 ml 5,000 ml 1 gal  

63. 64. 65. 66. 67. 

Arrange the following from smallest to largest unit of measure:

49 kg 100 lb 4,900 g 55,000 mg 55,000 g

68. 69. 70. 71. 72. 

Complete the following table of weights.

73. 1 lb = kg or mg

74. 110 lb = kg or mg

75. 184.8 lb = kg or mg

76. 75 kg = lb or mg

77. 466 lb = kg or mg

78. 1 lb = g or gr

79. 1 oz of sterile water = g or mg

80. 1 oz = ml or g (of sterile water)

81. 1 g = gr

82. 1 gr = mg

49850_CH03_PASS02.QXP  9/23/08  12:48 AM  Page 58

© Jones and Bartlett Publishers, LLC.  NOT FOR SALE OR DISTRIBUTION.



83. Explain in what ways the metric system is different from the Arabic
number system.

84. Define unit conversion factor.

85. Of the household and metric measuring systems, which is more precise?

Complete the following conversions.

86. 5 L = gal

87. 100 ml = t

88. 100 ml = fluid oz

89. 1 yd = m

90. 10 g = oz

91. 1 qt = L

92. 1 fluid oz = ml

93. 1 gal = L

94. 1 g = gr

95. 1 oz = g

96. 1 t = ml

97. 1 gr = ml

98. 1 ft = m

99. 1 in = cm

100. 1 yd = m

Review Problems 59
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