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Chapter 1 

About Science
THE MAIN IDEA

Science starts with observations. When possible, it is helpful to 
quantify observations by taking measurements. By quantifying 
observations, we are able to make objective comparisons, share 
accurate information with others, or look for trends that might reveal 
some inner workings of nature.
 Scientists measure physical quantities. Some examples of 
physical quantities you will be learning about and using in this 
program are length, time, mass, weight, volume, energy, tempera-
ture, heat, and density. Any measurement of a physical quantity 
must always include a number followed by a unit that tells us not 
only what was measured but also the scale of the measurement. It 
would be meaningless, for example, to say that your dog weighs 
40, because without a specific unit, no one would know what that 
meant: 40 ounces, 40 pounds, 40 kilograms? A dog that weighed 
40 kg would be more than 35 times heavier than one that weighed 
40 oz. Units such as ounces, pounds, and kilograms, or feet, yards, 
and kilometers are all units that allow us to make meaningful com-
parisons when we measure physical quantities, and they must be 
included to complete the description.
 There are two major unit systems used in the world today. 
One is the United States Customary System (USCS, formerly called 
the British System of Units), used in the United States, primarily for 
nonscientific purposes.* The other is the Système International (SI), 
which is used in most other nations. This system is also known as 

Science is the study of nature’s rules

 1.6  Measuring with Units

Any measurement of a 
physical quantity must 
always include two things. 
What are they?
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the International System of Units or as the metric system. The 
orderliness of this system makes it useful for scientific work, and 
it is used by scientists all over the world, including those in the 
United States. (And the International System is beginning to be 
used for nonscientific work in the United States, as Figure 1.14 
shows.) This book uses the SI units given in Table 1.2. On occa-
sion, USCS units are also used to help you make comparisons. 
One major advantage of the metric system is that it uses a deci-
mal system, which means all units are related to the next smaller 
or larger units by a factor of 10. Some of the more commonly 
used prefixes, along with their decimal equivalents, are shown 
in Table 1.3. From this table, you can see that 1 kilo- meter is 
equal to 1000 meters, where the prefix kilo- indicates 1000. 
Likewise, 1 millimeter is equal to 0.001 meter, where the prefix 
milli- indicates 1/1000. You need not memorize this table, but 
you will find it a useful reference when you come across these 
prefixes in your course of study.

* Two other countries that continue to use the USCS are Liberia and Myanmar.

^  Figure 1.14
The metric system is finally 
making some headway in the 
United States where various 
commercial goods, such as Evan’s 
favorite soda, are commonly sold 
in metric quantities.

TABLE 1.2   Metric Units for Physical Quantities and their USCS Equivalents
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TABLE 1.3  Metric Prefixes



© Conceptual Chemistry by John Suchocki

Often in chemistry, and especially in a labo-
ratory setting, it is necessary to convert from 
one unit in to another. This process is called “unit 
conversion” or sometimes as “unit analysis” or 
“dimensional analysis”. 
 To convert from one unit to another, 
you need only multiply the given quantity 
by a conversion factor. A conversion factor 
is a ratio where the numerator and denom-
inator represent the equivalent quantity 
expressed in different units. Because any 
amount divided by the same amount is equal 
to one, all conversion factors are effectively 
equal to one. For example, the following two 
conversion factors are both derived from the 
relationship 100 centimeters = 1 meter. Note 
that the numerator and denominator rep-
resent the same distance, but expressed in 
different units.

Because all conversion factors are equal to 1, mul-
tiplying a quantity by a conversion factor does 
not change the value of the quantity. What does 
change are the units. Suppose you measured an 
item to be 60 centimeters in length. You can con-
vert this measurement to meters by multiplying it 
by the conversion factor that allows you to cancel 
centimeters.

You can create two conversion factors for every 
equality. For example, from Table 1.x we see that 1 

kilometer equals 0.621 miles. To create these two 
conversion factors, show a unit as the numerator 
in one conversion factor but as a denominator in 
the other:

 1 km / 0.621 mi 0.621 mi / 1 km

Multiply the quantity provided to you by the 
conversion factor of choice, which is the one that 
shows the original unit in the denominator. This 
way, the original unit will be canceled, leaving you 
with the desired new unit. The following example 
starts with 26.2 miles. To convert this to kilome-
ters, we multiply by appropriate conversion factor, 
which has miles in the denominator. This allows for 
the units of miles to cancel. The result is the same 
quantity expressed in units of kilometers. This cal-
culation tells us that a distance of 26.2 miles is the 
same as 42.2 kilometers.

 (26.2 miles) (1 km/0.621 miles). =. 42.2 km

Always be careful to write down your units. They 
are your ultimate guide, telling you what num-
bers go where and whether you are setting up the 
equation properly. Remember, you should set up a 
conversion factor so that the desired unit is always 
in the numerator and the unit to be cancelled is 
always in the denominator. 
 Conversion factors can be combined to 
allow multiple conversions in a single equation.

EXAMPLE
How many pounds are there in 48 ounces? Set 
up a string of conversion factors using data from 
Tables 1.x and 1.x.

ANSWER
Start by writing down the given quantity, which in 
this case is 48 ounces. Multiply by a series of con-
version factors to transform this quantity into the 
desired unit— from ounces to grams, from grams 
to kilograms, and then from kilograms to pounds:

CALCULATION CORNER  Unit Conversion
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Of course, the above conversion could be done 
in a single step knowing that 16 ounces equals 1 
pound. A string of conversion factors in a single 
equation, however, becomes quite useful when 
the direct conversion factor is unknown.

YOUR TURN
Multiply each physical quantity by the appropriate 
conversion factor to find its numerical value in the 
new unit indicated. You will need paper, a pencil, 
a calculator, and Tables 1.2 and 1.3.

a. Show that 7320 grams is 7.32 kilograms
b. Show that 235 kilograms is 518 pounds
c. Show that 4585 milliliters is 4.846 quarts
d. Show that 100 calories is 0.1 kilocalories
e. Show that 100 calories is 400 joules

Perhaps you are wondering about how many 
digits to include after you calculate a conversion. 
Were you perplexed, for example, that the answer 
to (e) is 400 J and not 418.4 J? There are specific 
procedures to follow in figuring which digits from 
your calculator to write down. The digits you are 
supposed to write down are called significant fig-
ures, which we discuss after another important 
concept, which is scientific notation.


