Appendix II

Weights and Measures

Accurate descriptions of physical objects would be impossible without a precise method of reporting the pertinent data. Dimensions such as length and width are reported in standardized units of measurement, such as inches or centimeters. These values can be used to calculate the volume of an object, a measurement of the amount of space the object fills. Mass is another important physical property. The mass of an object is determined by the amount of matter the object contains; on Earth the mass of an object determines the object’s weight.

In the United States, length and width are typically described in inches, feet, or yards; volumes in pints, quarts, or gallons; and weights in ounces, pounds, or tons. These are units of the U.S. system of measurement. Table 1 summarizes the terms used in the U.S. system. For reference purposes, this table also includes a definition of the “household units” popular in recipes. The U.S. system can be very difficult to work with, because there is no logical relationship among the various units. For example, there are 12 inches in a foot, 3 feet in a yard, and 1760 yards in a mile. Without a clear pattern of organization, the conversion of feet to inches or miles to feet can be confusing and time-consuming. The relationships among ounces, pints, quarts, and gallons are no more logical than those among ounces, pounds, and tons.

In contrast, the metric system has a logical organization based on powers of 10, as indicated in Table 2. For example, a meter (m) is the basic unit for the measurement of size. For measurements of larger objects, data can be reported in dekameters (deka, ten), hectometers (hekaton, hundred), or kilometers (km; chilioi, thousand); for smaller objects, data can be reported in decimeters (0.1 m; decem, ten), centimeters (cm = 0.01 m; centum, hundred), millimeters (mm = 0.001 m; mille, thousand), and so forth. In the metric system, the same prefixes are used to report weights, based on the gram (g), and volumes, based on the liter (L). This text reports data in metric units, in most cases with U.S. system equivalents. Use this opportunity to become familiar with the metric system, because most technical sources report data only in metric units; most of the world outside the United States uses the metric system exclusively. Conversion factors are included in Table 2.

The U.S. and metric systems also differ in their methods of reporting temperatures. In the United States, temperatures are usually reported in degrees Fahrenheit (°F), whereas scientific literature and individuals in most other countries report temperatures in degrees centigrade or Celsius (°C). The relationship between temperatures in degrees Fahrenheit and those in degrees centigrade is indicated in Table 2.

The following illustration spans the entire range of measurements that we will consider in this book. Gross anatomy traditionally deals with structural organization as seen with the naked eye or with a simple hand lens. A microscope can provide higher levels of magnification and can reveal finer details. Before the 1950s, most information was provided by light microscopy. A photograph taken through a light microscope is called a light micrograph (LM). Light microscopy can magnify cellular structures up to about 1000 times and can show details as fine as 0.25 mm. The symbol Mm stands for micrometer; 1 mm = 0.001 mm, or 0.00004 inches. With a light microscope, we can identify cell types, such as muscle fibers or neurons, and can see large structures within a cell. Because individual cells are relatively transparent, thin sections cut through a cell are treated with dyes that stain specific structures to make them easier to see.

Although special staining techniques can show the general distribution of proteins, lipids, carbohydrates, and nucleic acids in the cell, many fine details of intracellular structure remained a mystery until investigators began using electron microscopy. This technique uses a focused beam of electrons, rather than a beam of light, to examine cell structure. In transmission electron microscopy, electrons pass through an ultrathin section to strike a photographic plate. The result is a transmission electron micrograph (TEM). Transmission electron microscopy shows the fine structure of cell membranes and intracellular structures. In scanning electron microscopy, electrons bouncing off exposed surfaces create a scanning electron micrograph (SEM). Although it cannot achieve as much magnification as transmission microscopy, scanning microscopy provides a three-dimensional perspective of cell structure.

TABLE 1 
The U.S. System of Measurement 

Physical 


Relationship to 

Relationship to

Property 
Unit 
Other U
.S. Units 
Household Units

Length 
inch (in.) 
1 in. 
= 
0.083 ft 

foot (ft) 
1 ft 
= 
12 in. 

= 
0.33 yd 

yard (yd) 
1 yd 
= 
36 in. 

= 
3 ft 

mile (mi) 
1 mi 
= 
5280 ft 

= 
1760 yd 

Volume fluidram (fl dr) 1 fl dr = 0.125 fl oz fluid ounce (fl oz) 1 fl oz = 8 fl dr = 6 teaspoons (tsp)

= 0.0625 pt
= 2 tablespoons (tbsp)

pint (pt) 1 pt
= 128 fl dr = 32 tbsp = 16 fl oz = 2 cups (c) = 0.5 qt

quart (qt) 1 qt
= 256 fl dr = 4 c = 32 fl oz = 2 pt = 0.25 gal

gallon (gal) 1 gal
= 128 fl oz = 8 pt = 4 qt

Mass grain (gr) 1 gr = 0.002 oz dram (dr) 1 dr = 27.3 gr = 0.063 oz ounce (oz) 1 oz = 437.5 gr = 16 dr pound (lb) 1 lb = 7000 gr = 256 dr = 16 oz ton (t) 1 t = 2000 lb

TABLE 2 The U.S. System of Measurement

Physical 

Relationship to 
Conversion to

Property 
Unit 
Standard Metric Units 
U.S. Units

Length 
nanometer (nm) 
1 nm = 0.000000001 m (10-9) 
= 3.94 * 10 
-8 in. 
25,400,000 nm = 
1 in.

micrometer (mm) 
1 mm = 0.000001 m (10-6) 
= 3.94 * 10 
-5 in. 
25,400 mm = 1 in.

millimeter (mm) 
1 mm = 0.001 m (10-3) 
= 0.0394 in. 

25.4 mm = 1 in. 

centimeter (cm) 
1 cm = 0.01 m (10-2) 
= 0.394 in. 

2.54 cm = 1 in. 

decimeter (cm) 
1 dm = 0.1 m (10-1) 
= 3.94 in. 

0.254 dm = 1 in. 

meter (m) 
standard unit of length 
= 39.4 in. 

0.0254 m = 1 in. 

= 3.28 ft 

0.3048 m = 1 ft 

= 1.093 yd 

0.914 m = 1 yd 

kilometer (km) 
1 km = 1000 m 
= 3280 ft 




= 1093 yd 




= 0.62 mi 

1.609 km = 1 mi 

Volume microliter (ml)
1 ml = 0.000001 L (10-6)

= 1 cubic millimeter (mm3)

milliliter (ml) 1 ml = 0.001 (10-3)
= 0.0338 fl oz 5 ml = 1 tsp

= 1 cubic centimeter (cm3 or cc)
15 ml = 1 tbsp

30 ml = 1 fl oz centiliter (cl) 1 cl = 0.01 L (10-2) = 0.338 fl oz 2.95 cl = 1 fl oz deciliter (dl) 1 dl = 0.1 L (10-1) = 3.38 fl oz 0.295 dl = 1 fl oz

liter (L) standard unit of volume
= 33.8 fl oz 0.0295 L = 1 fl oz

2.11 pt
0.473 L = 1 pt

1.06 qt
0.946 L = 1 qt

Mass
picogram (pg) 1 pg = 0.000000000001 g (10-12) nanogram (ng) 1 ng = 0.000000001 g (10-9) = 0.000000015 gr 66,666,666 mg = 1 gr

microgram (mg) 
1 mg 
= 
0.000001 g (10-6) 

= 
0.000015 gr 

66,666 mg 
= 
1 gr

milligram (mg) 
1 mg 
= 
0.001 g (10-3) 

= 
0.015 gr 

66.7 mg 
= 
1 gr

centigram (cg) 
1 cg 
= 
0.01 g (10-2) 

= 
0.15 gr 

6.67 cg 
= 
1 gr

decigram (dg) 
1 dg 
= 
0.1 g (10-1) 

= 
1.5 gr 

0.667 cg 
= 
1 gr

gram (g) 
standard unit of mass 

= 
0.035 oz 

= 
28.4 g 
= 
1 oz

= 
0.0022 lb 

= 
454 g 
= 
1 lb

dekagram (dag) 
1 dag = 10 g 









hectogram (hg) 
1 hg = 100 g 









kilogram (kg) 
1 kg 
= 
1000 g 

= 
2.2 lb 

0.454 kg 
= 
1 lb

metric ton (kt) 
1 mt 
= 
1000 kg 






= 2205 lb 


0.907 kt = 1 t

Temperature 



Centigrade 


Fahrenheit 



Freezing point of pure water 
0° 


32° 



Normal body temperature 
36.8° 


98.6° 



Boiling point of pure water 
100° 


212° 



Conversion 
°C : °F: °F = (1.8 
* 
°C) + 32 
°F : °C: °C 
= 
(°F -32) * 0.56
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