Lab Handout - Metrics Measurements and Computations

INTRODUCTION

Crude measurements of length, capacity, and weight have existed since prehistoric times.  Later, units of measurement were based on body size, such as the length of a king's arm or foot, and upon plant seeds. As civilization became more complex, technological and commercial requirements led to an increased standardization of measurements. But for a long time standards varied greatly between one locale and an other, because units were usually fixed by edict of local or national rulers. As late as the eighteenth century, for example, one of the earliest units, the foot, possibly had as many as 280 variants in Europe. Today there are two principal systems of measurement—the American-British system (commonly called the English system) and the metric system.

In 1866 the U.S. government permitted the use of the metric system and established a conversion table based upon the yard and the pound. Because the federal government did not require the country to convert to the metric system, it was not widely adopted by commerce and industry in the United States. In scientific work, however, the metric system has been used for well over a century in the United States and for much longer in Europe.

The American-British system of linear, weight, and volume measurements uses units that are not logically related to one another. For example, 12 inches = I foot, 3 feet = I yard, 5280 feet = I mile, 1760 yards = I mile, and so on.  The metric system uses units that are based on the decimal

system and related to one another by some power of 10, like the American monetary system based on the dollar.  Consequently, multiplication and division of metric units can be performed by simply moving the decimal point some number of places to the right or left. The term denoting a metric unit of measurement usually contains a prefix indicating the power of 10. The prefix centi, for example, means "one-hundredth," or 10-2: the prefix milli means "one-thousandth," or 10-3. Table I.I indicates prefixes used in the metric system.

UNITS OF LENGTH

The English system of linear measurement is based upon the yard, which is the equivalent of 3 feet, or 36 inches.  The metric system of linear measurement is based on the metre which is equivalent to 39.37 inches. The meter is defined as 1,650,763.73 wavelengths of the spectral orange-red line of krypton-86, or one-millionth part of the distance measured on a meridian from the equator of the earth to a pole, or the distance light travels in a vacuum in one 300-millionth of a second. Table 1.2 indicates metric units of linear measure.

To convert from a smaller unit of length to a larger unit of length, simply move the decimal point the required number of places to the left.  For example, 15300 mm (millimetres) = 15.30 cm (centimetres).  Conversely, to convert from a larger unit of length to a smaller unit of length, simply move the decimal point the required number of places to the right.  For example, 15.30 = 153.0 mm.

UNITS OF WEIGHT

In the English system, two sets of weight are employed: avoirdupois weights, based on the 16-ounce pound, are used in general commerce, and troy weights, based on the 12-ounce pound, are used for precious metals.  Troy units form the basis of apothecary weights.  By contrast, metric

units of weight are based on the gram, defined as the weight of pure water at 4° C and 760 mm Hg pressure contained in a cube whose edge is one-hundredth of a meter (a cubic cen-timeter). Table 1.3 indicates metric units of weight.  To convert from a smaller unit of weight to a larger

unit of weight, simply move the decimal point the required number of places to the left.  For example, 246 mg (milligrams) = 0.246 g (gram).  Conversely, to convert from a larger unit of length to a smaller unit of length, simply move the decimal point the required number of places to

the right.  For example, 0.246 g = 246 mg.
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TABLE Metric prefixes

Prefix Abbreviation Meaning Factor Decimal

tera T one trillion 1012 1,000,000,000,000
giga G one biflion 10° 1,000,000,000
mega M one million 106 1,000,000

myria my ten thousand 104 10,000

kilo k one thousand 108 1000

hecto h one hundred 102 100

deka da ten 101 10

uni — one 100 1.0

deci d one-tenth 10! 0.1

centi c one-hundredth 1072 0.01

milli m one-thousandth 1078 0.001

micro u one-millionth 106 0.000001

nano n one-billionth 1078 0.000000001

pico p one-trillionth 10712 0.000000000001
femto f one-quadrillionth 10-15 0.000000000000001
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TABLE 1.2 Metric units of linear measure

Metric unit Definition Metric equivalent English equivalent
megameter (Mm) 108 meters 1,000,000 meters 621.37 miles

myriameter (mym) 104 meters 10,000 meters 6.2137 miles

kilometer (km) 10° meters 1000 meters 0.62137 mile

hectometer (hm) 102 meters 100 meters 328.0833 feet

dekameter {(dam) 10 meters 10 meters 32.80833 feet

meter (m) basic unit of reference 39.37 inches

decimeter (dm) 10" meter 0.1 meter 3.937 inches

centimeter (cm) 1072 meter 0.01 meter 0.3937 inch

millimeter (mm) 102 meter 0.001 meter 0.03937 inch

micrometer (L1 1076 meter 0.000001 meter 0.00003937 inch
nanometer (nm) 10-9 meter 0.000000001 meter 0.00000003937 inch
angstrom (A) 1070 meter 0.0000000001 meter 0.000000003937 inch
picometer (pm) 1072 meter 0.000000000001 meter 0.00000000003937 inch
femtometer (fm) 10-"% meter 0.000000000000001 meter 0.00000000000003937 inch
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UNITS OF VOLUME

The American (U.S.) system of liquid measure is based on the 16-ounce pint, and the British (Imperial) system is based on the 20-ounce pint.  Metric units of liquid measure are based on the liter, which is defined as the volume of a kilogram of pure water at 4° C, equal to exactly 0.001 cubic meters.  Table 1.4 indicates metric units of volume.  To convert from a smaller unit of volume to a larger unit of volume, simply move the decimal point the required number of places to the left. For example, 437 mL (milliliters) = 0.437 L (liter).  Conversely, to convert from a larger unit of volume to a smaller unit of volume, simply move the decimal point the required number of places to the right.  For example, 0.437 L = 437 mL.  Although arithmetical conversion between the English and metric systems is simple, many students have difficulty visualizing a distance of 10 meters or sensing the weight of a 2-kilogram object.  Figure 1.1 offers a comparison of some common English and metric units of measurement.
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TABLE 1.3 Metric units of weight

Metric unit Definition Metric Equivalents English equivalent
(avoirdupois)

metric ton 106 grams 1,000,000 grams 2204.62 pounds

kilogram (kg) 10° grams 1000 grams 2.20462 pounds

hectogram {(hg) 102 grams 100 grams 0.220462 pound

dekagram (dag) 10 grams 10 grams 0.35274 ounce

gram (g) basic unit of reference 0.035274 ounce

decigram (dg) 10-" gram 0.1 gram 0.0035274 ounce

centigram (cg) 1072 gram 0.01 gram 0.00035274 ounce

milligram (mg) 10-3 gram 0.001 gram 0.000035274 ounce

microgram (LLg) 10 gram 0.00001 gram 0.000000035274 ounce

nanogram (ng) 1079 gram 0.000000001 gram 0.000000000035274 ounce

picogram (pg) 10-12 gram 0.000000000001 gram 0.000000000000035274
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TABLE 1.4 Metric units of volume

Metric unit Definition Metric equivalent English equivalent (U.S.)
myrialiter (myL) 104 liters 10,000 liters 2641.7 gallons

kiloliter (kL) 103 liters 1000 liters 264.17 gallons

hectoliter (hL) 102 liters 100 liters 26.417 gailons

dekaliter (daL) 10 liters 10 liters 10.567 quarts

liter (L) basic unit of reference 1.0567 quarts

deciliter (dL) 10-" liter 0.1 liter 0.10567 quart

centiliter (cL) 10-2 liter 0.01 liter 0.010567 quart

milliliter (mL) 102 liter 0.001 liter 0.0010567 quart

microliter (uL) 1076 liter 0.000001 liter 0.0000010567 quart

nanoliter (nL) 1079 liter 0.000000001 liter 0.0000000010567 quart
picoliter (pL) 10712 liter 0.000000000001 liter 0.0000000000010567 quart
femtoliter (fL) 10775 liter 0.000000000000001 liter 0.0000000000000010567 quart
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TEMPERATURES: FAHRENHEIT, CELSIUS (CENTIGRADE), KELVIN (ABSOLUTE)

In the average U.S. household, as well as in general U.S. commerce and industry, changes in thermal energy are measured on the Fahrenheit scale, rather than the Celsius (centigrade) scale used nearly everywhere else.  In scientific work, the Celsius scale, or the Kelvin (absolute) scale,

or both, are always used.  Comparisons and conversions of one scale to another conveniently use the freezing and boiling points of pure water.

On the Fahrenheit scale, the freezing point of water is 32° and the boiling point is 212°.  On the Celsius scale, water freezes at 0° and boils at 100°.  Therefore, one degree on the Fahrenheit scale indicates a smaller change in thermal energy than does one degree on the Celsius scale.  On the Kelvin, or absolute, scale, water freezes at 273° and boils at 373°.  Thus, one degree on the Kelvin scale measures the same thermal change as one degree on the Celsius scale. The Kelvin scale is primarily used in chemistry and physics and does not appear again in this manual.  To convert between Celsius and Fahrenheit scales, use the following formulas: °C= 0.56 (°F-32°)

°F=(1.8x°C)+32°
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FIGURE 1.1 Comparison of metric and English units of measurement





MEASUREMENT AND COMPUTATION

Scientific Notation

The biological and physical sciences frequently deal with very large numbers and very small numbers when an observation is to be described quantitatively.  For example, the hydrogen ion concentration (H+) of human urine may be close to 0.000001 g/L. The normal adult male concentration of red blood cells is 5,400,000 cells per microlitre of whole blood.  Very small numbers such as the former or very large numbers such as the latter are cumbersome to manipulate if written or expressed verbally in the form of a decimal number.  Scientific notation simplifies the expression and manipulation of such numbers and is widely used within and without the scientific community.  For example, the red cell count is often expressed clinically as 5.4 x 106 or, simply, 5.4, with 106 being understood.  Scientific notation is a floating-point system of numerical expression in which numbers are expressed as products consisting of a number between I and 10 multiplied by an appropriate power of 10.  Consider the number 186,740,000.  In scientific notation, this number would be expressed as 1.8674 x 108.  Essentially, scientific notation removes the need to write out all of the zeros in this number by using a power of 10 to represent the zeros. Numbers without zeros can also be represented by scientific notation - e.g., 247,632 = 2.47632 x 105 and 78,323 = 7.8323 x 104.  When any number greater than 10 is expressed by scientific notation, the decimal point is moved to the left until the number has a value between I and 10, and that number is multiplied by some positive power of 10.  The positive power of 10 is equal to the number of places the decimal point was moved to the left; for example: 

10,263

1.0263 (decimal moved 4 places to left)

1.0263X 104 = 10,263

Very small numbers may also be expressed using scientific notation.  For example, 0.00008 = 8 X 10-5.  When any number less than I is expressed by scientific notation, the decimal point is moved to the right until the number has a value between I and 10, and that number is multiplied by some negative power of 10. The negative power of 10 is equal to the number of places the decimal point was moved to the right; for example:

0.01467

01.467 (decimal moved 2 places to right)

1.467x 10-2 = 0.01467

To convert a number expressed by scientific notation into a single decimal number, simply move the decimal point the appropriate number of spaces to the right or to the left and omit the power of 10 multiplier.  The power of 10 indicates the number of spaces to move the decimal point, and

the sign of the power indicates the direction of movement.

With positive power, the decimal point is moved to the right; for example:

1.3x103
1300 (decimal moved 3 places to right, power of 10 omitted)

1300 = 1.3 x 103

With negative powers, the decimal point is moved to the left; for example:

1.76x 10-4
0.000176 (decimal moved 4 places to left, power of 10 omitted)

0.000176 = 1.76 x 10-4 

Ratios and Proportions

A ratio is an expression that compares two numbers or quantities by division.  For example, if 400 students had been enrolled in a class at the beginning of a semester & 40 students had withdrawn from class by the end of the semester, the ratio of students withdrawn to students enrolled would be 40/400, or 1/10.  That is, one student out of ten elected to withdraw from class.

Ratios can be expressed several ways.  Each method of expression, however, means the same thing:

1.   1:250 means 1 part to 250 parts.

2.  1/5 means 1 part out of 5 parts.

3.  2 females to 6 males means a ratio of I female to 3 males.

Whenever two quantities are expressed as a ratio, they must have the same units.  For example, if the first of two compared animals had a recorded weight of 300 g and the second animal had a recorded weight of 1 kg, it would be necessary to convert one of the units of weight to the other

(i.e., grams to kilograms, or kilograms to grams) before expressing the comparison in the form of a ratio.  One kilogram equals 1000 grams; therefore, the ratio between the first animal's weight and the second animal's is 300/1000, or 3/10.

A proportion is simply a mathematical statement of the equality of two ratios.  By arbitrarily using the letters A, B, C, and D to express quantities, we can state a proportion in the following manner:


A  _  C

B  ¯   D

The statement says A is to B as C is to D.  Mathematically, it is also valid to say A times D equal B times C.

For example, if A = 15, B = 25, C = 3, and D = 5, then
A  _  C,   15  _  3
B  ¯  D,   25  ¯  5

And


A x D = B x C, 15 x 5 = 25 x 3
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Therefore, it follows that if three of the quantities are known, the value of the fourth can be determined.  For example, assume that an electrocardiogram is being recorded on a moving strip of paper (figure 1.2).  The speed of the moving paper is 25 mm/s.  If each repeating cycle of the electrocardiogram represents one heartbeat, how many heartbeats are occurring each minute?

The problem can be solved as follows:

1.   Distance between cycles = 20 mm (as measured from record).

2.  Time interval between cycles = X seconds.

25 mm   _   20mm
I second  ¯   X seconds

25X = 20

X = 20/25 = 0.8 second

3.  If the interval between cycles is 0.8 second, then the number of cycles occurring each
     minute is

60 seconds - 0.8 second = 75 beats/min

Another example of how ratios and proportions can be used to solve problems is the  determination of time in the events of muscle contraction.  When a single stimulus of sufficient strength and duration is applied to an isolated skeletal muscle, the resultant contraction is known as a twitch. The mechanical record of a skeletal muscle twitch (figure 1.3) indicates a period between the time the stimulus is applied and the beginning of the contractile response.  This interval of time is known as the latent period. Following the latent period, the muscle responds to the stimulus by shortening (the contraction phase) and then returning to its original length (the relaxation phase).  Given a paper recording speed of 50 mm/s, determine the duration of the

latent period, the contraction period, and the relaxation period as shown in figure 1.3.

The problem can be solved as follows:


1.  Determine the time value of the 1 mm if distance on the record



50 mm   _   1 mm


1 second ¯   X seconds

 
Cross-multipying: 



50X = 1


Solving for X:



X = 1/50 seconds = 0.02 second

2.  Measure the length of the latent period, contraction period, and relaxation period in 
     millimetres and multiply each value by 0.02 s to obtain durations.

a.    Latent period = 3 mm X 0.02 s/mm = 0.06 second.

b.   Contraction period = 5 mm x 0.02 s/mm = 0.10 second.

c.    Relaxation period = I I mm x 0.02 s/mm = 0.22 second.
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Graphic Analysis

A relationship between two or more quantities can often be diagrammatically expressed as a graph.  A graph puts into visual form abstract ideas or experimental data so that their

relationship becomes apparent.  For example, the relation between two kinds of experimental data may not be easy to see when the data are displayed in the form of a table, but when the data are graphed, a relationship such as cause and effect is easier to see.  Graphic presentation of data may not explain the reason for the relationship, but the shape of the graph can provide clues.

The related quantities displayed on a graph are called variables.  A simple graph (figure 1.4) uses a system of coordinates, or axes, one horizontal and one vertical, to represent the values of the variables. Usually, the relative size of the variable is represented by its position along the axis,

and the numbers along the axis allow the reader to estimate the values. In general, the value of the variable increases from left to right along the horizontal axis and from bottom to top along the vertical axis. 

If the relationship being plotted is one of cause and effect, the variable that expresses the cause is called the independent variable.  Usually this is represented by the horizontal axis (also sometimes called the x-axis, or abscissa).  The variable that changes as a result of changes in the independent variable is called the dependent variable. It usually is expressed on the vertical axis (also called the y-axis, or ordinate).  The two axes are arranged at right angles to. each other and cross at a point called the origin.

The relationship between x and y variables is shown by the vertical extension of the value on the x-axis (X1) and the horizontal extension of the value on the y-axis (Y1).  The point. A, at which these lines cross is determined by their relationship (figure 1.4).  If another pair of data points (X1
and Y1) is chosen, their point of intersection can also be plotted; this is point B. A line drawn between points A and B can then give information about how all other X and Y values on this graph should be related to each other.

One of the simplest kinds of relationship that a graph can represent is called a direct relationship: the y values get larger as the x values get larger.  An example of this type of graph is shown in figure 1.5. The data plotted here could have come from an experiment in which various concentra-

tions of an enzyme were used to study how fast a particular chemical reaction happened at each concentration.

Data points frequently do not fall exactly on a straight line and appear scattered.  In many cases, a mathematical procedure may be carried out to determine the "best-fitting" line to describe the relationship.  This is called the ideal line in figure 1.5.  A relationship that can be described by a

straight line is called a linear relationship. Inverse relationships are also common.  In such relationships, the y values get smaller as the x values get larger.  Such relationships may still be linear if straight lines describe them. Other inverse relationships may be curvilinear, as in figure 1.6.

The graph shown here summarizes the experimental finding that a skeletal muscle maximally contracts with less force as it is stretched beyond its optimum initial length.

If an experimenter had enough confidence in the reliability of the data, two kinds of predictions could be made from such a graph. Predicting data values that fall "between the points" is called interpolation.  This process is useful if the curve is to be used as a guide for interpreting or testing

the reliability of newly obtained data.  A riskier procedure is extrapolation, which involves extending the ideal line into ranges where experimental data are not present.  If there is good reason to believe that the same relationship should hold outside this range, then this prediction could be valid and might permit useful information to be gained.
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TABLE 1.5 Calculation of arithmetic mean

Subject Resting systolic pressure (mm Hg)
1. RGP 120
2. DKK 135
3. ALB 126
4. RWK 133
5. WGB 127
6. RSS 140
7. FAJ 110
8. NDL 17
9. WSC 125
10. RCS 129
N=10 X =1262
X = 126210 = 126 mm Hg (rounded to the nearest whole
number)




Computation of Arithmetic Mean

It is often useful in comparing groups of numerical data to calculate the arithmetic mean, or average. It may be calculated using the following formula:
             _


 X  =    ∑X
             N

where X= the mean of X, ∑X = the sum of all values of X in each group, and N = the number of individual values for X in each group.

For example, assume that as part of a study, resting systolic blood pressure was recorded from 10 male subjects each aged 21 years, and you wish to calculate the mean systolic blood pressure and compare it with that of another group. Table 1.5 indicates the data as recorded and the calculation of the arithmetic mean.
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1. Use a small metric rule to measure the diameter of the 1-inch and 1/-inch circles below. Record the measurements in
millimeters and centimeters.

mm mm

cm cm

2. Use the laboratory scale to measure your weight and height. Record weight in kilograms and pounds. Record height in
centimeters and inches.

weight: kg pounds

height: cm inches

3. Compute the following conversions:

a. 242mg= g e. 3450 mL = 1

b. 6g= cg f. 243 mm= cm
c. 4lb= kg g 10°C= °F
d. 083cm= mm h. 72°F= °C

4. Solve the following proportions for X:
6/36 = X/48, X =
b. 9:72asX:64, X =
c. 24/144=18/X,X=
d. X27=17/81,X=




[image: image13.png]At rest, the left ventricle of the heart pumps 5.0 L of blood per minute. Blood flow to the kidneys is approximately
1200 mL/min at rest. Assuming a proportionate increase in renal blood flow, what will be the blood flow to the kidneys
if the heart pumps 7.0 L/min?

An electrocardiogram is recorded on millimeter grid paper moving at a speed of 25 mm/s. If the distance between
cycles as recorded is 15 mm, what is the subject’s heart rate in beats per minute?

Express the following numbers using scientific notation:

1563 =
b. 0.364 =
c. 1.000=
d. 5.463=
Compute the arithmetic mean (average) of the following body weights:
a. 76kg d. 59kg
b. 63 kg e. 68kg
c. 8lkg f. 74kg
Mean body weight = kg.

Mary has a circulating red blood cell count of 4.5 x 106 cells per microliter and a circulating blood volume of 5.5 liters.
How many red blood cells are circulating?

. In order to control a patient’s blood pressure, a physician has ordered a drug dosage of 0.20 mg/kg of body weight, to

be taken orally twice each day. The patient weighs 220 Ib. How large is each dose?






