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Appendix C Measurements and Calculations
The Metric System

The measurement system used by scientists is the International System of Units (SI). Because SI is a metric system, all SI units are related by a power of 10, which makes it is easy to convert one SI unit to another. In the lab, you will mainly measure length, mass, volume, and temperature.

Length The SI unit for length is the meter (m). A meter is slightly longer than a yard.

Mass The SI unit for mass is the gram (g). A paper clip has a mass of about one gram.

Volume of a Liquid The SI unit for the volume of a liquid is the liter (L). A liter is slightly more than a quart.

Temperature The SI unit for temperature is degrees Celsius (°C). Water freezes at 0°C and boils at 100°C.

The table lists some SI prefixes. Larger and smaller refer to what happens when a prefix is placed before a unit. For example, the c in the unit cm indicates that a centimeter is 100 times smaller than a meter.

	Common SI Prefixes

	Prefix
	Symbol
	Meaning

	kilo-
	k
	1000 times larger

	hecto-
	h
	100 times larger

	deka-
	da
	10 times larger

	deci-
	d
	10 times smaller

	centi-
	c
	100 times smaller

	milli-
	m
	1000 times smaller

	micro-
	μ
	1 million times smaller

	nano-
	n
	1000 million times smaller


Accuracy and Precision

Your measurements need to be both accurate and precise. Accuracy refers to how close a measurement is to the actual value. Precision refers to how close a group of measurements are to each other. The level of precision that is possible depends on the measuring instrument. For example, on one ruler, the smallest unit is a centimeter. On a second ruler, the smallest unit is a millimeter. Measurements made with the second ruler will be more precise than those made with the first ruler.

Significant Figures

The number of significant figures you record for a measurement depends on the precision of the measuring instrument. Significant figures are all of the digits that are known in a measurement, plus one added digit, which is an estimate.

Example Look at the measured lengths of the peanut in the drawing. With Ruler A, the length has two significant figures because the estimated digit is the distance between centimeter marks. With Ruler B, the length has three significant figures because the estimated digit is the distance between millimeter marks.
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a.  Measured length = 3.3 cm

b.  Measured length = 3.29 cm
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Scientific Notation

Using scientific notation makes it easier to work with numbers that are very large or very small. For example, the diameter of a bacterial cell might be 0.9 micrometers, or 0.0000009 μm. A number with so many zeros is difficult to work with, especially if you need to do a calculation.

Numbers can be expressed as a base and an exponent. The exponent tells you how many times the base is multiplied by itself. The number 15,625, for example, can be expressed as follows:

15,625 = 25 × 25 × 25 = 253
In this example, the base is 25 and the exponent is 3. In scientific notation, the base is always the number 10. A number written in scientific notation is expressed as the product of two factors, a number between 1 and 10 and the number 10 with an exponent.

Example The number 51,203 can be expressed in scientific notation as follows:

51,203 = 5.1203 × 104
To achieve a number between 1 and 10, the decimal point was moved 4 places to the left. This move resulted in an exponent of 4. Note that the first factor includes all the significant digits in the original number.

Example Numbers that are less than zero can also be expressed in scientific notation.

0.0000009 = 9 × 10–7
To achieve a number between 1 and 10, the decimal point was moved 7 places to the right. This move resulted in an exponent of –4.


Calculating Averages

When you do an experiment that includes multiple trials, you will usually be asked to calculate an average. However, an average can be calculated in several ways. The method you will use will depend on what you are trying to learn from the data. Scientists often use the term central tendency to refer to the “middle,” or typical, value in a set of data.

Mean In common usage, the term average refers to a numerical average, or mean. The mean is the sum of the data divided by the number of items. Consider the following data:

6.2 mL, 8.0 mL, 6.4 mL, 6.2 mL, 6.7 mL

The mean for this data is 6.7 mL. In this case, the mean is probably higher than it should be because of the 8.0 mL data point, which is not typical. The median might be a better choice.

Median The median is the middle number in a set of ordered data. Often the data needs to be ordered before you can determine the mean. For example, 6.2 mL, 8.0 mL, 6.4 mL, 6.2 mL, and 6.7 mL would be reordered as follows:

6.2 mL, 6.2 mL, 6.4 mL, 6.7 mL, 8.0 mL

There are an equal number of data points above the median, which is 6.4 mL. When the number of data points is even, the median is the mean of the two middle points.

Mode The number that appears most often in a set of data is called the mode. In the example above, the mode is 6.2 mL. The mode is useful when you are dealing with categories of data, such as T-shirt sizes. Knowing the mode would help a buyer who is ordering stock for a store.
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Practice Your Skills

1. How much smaller is a milliliter than a liter? How much larger is a centimeter than a millimeter? How many grams are in a kilogram?
2. You are using a 25-mL graduated cylinder to measure the volume of a liquid. The smallest marked unit on the cylinder is a milliliter. The volume is more than 10 mL and less than 15 mL. How many significant figures can you report in your answer? Explain.

3. For adult women, the average number of white blood cells per liter of blood is 5.8 billion. Express this data in scientific notation. Hint: You may want to write out the number with all its zeroes first.

4. In a garden, the heights of five sunflowers are 135.0 cm, 162.5 cm, 180.0 cm, 185.0 cm, and 167.5 cm. Calculate the mean and the median for this data.

5. In a second garden, the heights of five sunflowers are 130.0 cm, 162.5 cm, 165.0 cm, 160.0 cm, and 162.5 cm. For this data, would you use the mean or the median, and why?

6. What is the mode for the data in Question 5?
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