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1.6: Measurements, Quantities, and Unity Factors

Measurements

Let us assume that you are faced with a specific problem. Then we can see how scientific thinking might help solve it. Suppose that
you live near a large plant which manufactures cement. Smoke from the plant settles on your car and house, causing small pits in
the paint. You would like to stop this air-pollution problem—but how?

As an individual you will probably have little influence, and even as part of a group of concerned citizens you may be ineffective,
unless you can prove that there is a problem. Scientists have had a hand in writing most air-pollution regulations, and so you will
have to employ some scientific techniques (or a scientist) to help solve your problem.

It will probably be necessary to determine how much air pollution the plant is producing. This might be done by comparing the
smoke with a scale which ranges from white to gray to black, the assumption being that the darker the smoke, the more there is. For
white cement dust, however, this is much less satisfactory than for black coal smoke. A better way to determine how much
pollution there is would be to measure the mass of smoke particles which could be collected near your house or car. This could be
done by using a pump (such as a vacuum cleaner) to suck the polluted gas through a filter. Weighing the filter before and after such
an experiment would determine what mass of smoke had been collected.

Mass and Weight

Because weight is the force of gravity on an object, which varies from place to place by about 0.5% as shown in the Table, we must
use mass for accurate measurements of how much matter we have. We still call the process of obtaining an accurate mass

"weighing".
Values of g on Earth, m s
Latitude, ° Altitude = 0 Altitude = 10 km
0 9.78036 9.74950
30 9.79324 9.76238
60 9.81911 9.78825
90 9.83208 9.80122

The weight of an object is actually the force of gravity, and is calculated as
F=“W?=mxg (1.6.1)

Weight is measured in newtons (kg m s2) or pounds (Ib), where 1 Ib = 4.44822162 newtons. The base unit for mass is kilograms
(kg), but the pound may also be used as a unit of mass (1 pound = 0.45359237 kilograms). The average value of g is usually taken
to be 9.80665 m s2, so the weight of a 1 kg mass would be

F=“W” =mxg=1kgx9.80665 ms 2 =9.80665 N or 2.2046 1b

If the weight of the 1 kg mass were measured on an arctic exploration camp with a load cell balance (see below) still calibrated for
the average g, its weight would be:

F=“W” =mxg=10kg x9.83208 ms 2 = 9.83208 N or 2.2103 Ib

Accurate weighing is usually done with a single pan balance. The empty pan is balanced by a counterweight. When an object is
placed on the pan, gravitational attraction forces the pan downward. To restore balance, a series of weights (objects of known mass)
are removed from holders above the pan. The force of gravitational attraction is proportional to mass, and when the pan is
balanced, the force on it must always be the same. Therefore the mass of the object being weighed must equal that of the weights
that were removed. A balance gives the same mass readout regardless of the force of gravity.
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Figure 1.6.1 Single Pan Balance (a) Actual appearance of a modern substitution balance. (b) X-ray view showing principle of

operation. When an object is placed on the balance pan, ring-shaped weights whose total mass equals that of the object are removed

from holders above the pan to restore balance.
Modern laboratory "balances" are based on load cells that convert the force exerted by an object on the balance pan to an electrical
signal. The load cell generally is coupled with a dedicated converter and digital display. Because the force exerted by the object
depends on gravity, these are really scales that measure weight, and must be calibrated frequently (against standard masses) to read
a mass.

Mass Measurements

If you kept a notebook or other record of your measurements, you would probably write down something like 0.0342 g to represent
how much smoke had been collected. Such a result, which describes the magnitude of some parameter (in this case the magnitude
of the parameter, mass), is called a quantity. Notice that it consists of two parts, a number and a unit. It would be ambiguous to
write just 0.0342—you might not remember later whether that was measured in units of grams, ounces, pounds, or something else.
A quantity always behaves as though the number and the units are multiplied together. For example, we could write the quantity
already obtained as 0.0342 x g. Using this simple rule of number x units, we can apply arithmetic and algebra to any quantity:

5g+2g=(5+2)g="Tg (1.6.2)

5g+2g = ? = 2.5 (the units cancel, and so we get a pure number) (1.6.3)
g

5in x 2 in = 10 in? (10 square inches) (1.6.4)

This works perfectly well as long as we do not write equations with different parameters (i.e., those having units which measure
different properties, like mass and length, temperature and energy, or volume and amount) on opposite sides of the equal sign. For
example, applying algebra to the equation

5g =2 in?

can lead to trouble in much the same way that dividing by zero does and should be avoided, because grams (g) is a unit of the
parameter mass, and the inch (in) is a unit of the parameter length.

Conversions with Unity Factors

Mass Unity Factors

Notice also that whether a quantity is large or small depends on the size of the units as well as the size of the number. For example,
the mass of smoke has been measured as 0.0342 g, but the balance might have been set to read in milligrams (or grains in the
English system). Then the reading would be 34.2 mg (or 0.527 grains). The results (0.0342 g, 34.2 mg, or 0.527 gr) are the same
quantity, the mass of smoke. One involves a smaller number and larger unit (0.0342 g), while the others have a larger number and
smaller unit. So long as we are talking about the same quantity, it is a simple matter to adjust the number to go with any units we
want.

We can convert among the different ways of expressing the mass with unity factors as follows:

Since 1 mg and 0.001 g are the same parameter (mass), we can write the equation
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Dividing both sides by 1 mg, we have

1mg=0.001g

1— 1mg 0.001g
" 1lmg 1mg
Since the last term of this equation equals one, it is called a unity factor. It can be multiplied by any quantity, leaving the quantity
unchanged.
We can generate another unity factor by dividing both sides by 0.001 g:

~ 1lmg 0.001g
~0.00lg 0.001g

v/ Example 1.6.1 : Mass Units

What is the mass in grams of a 5.0 grain (5 gr) aspirin tablet, given that 1 gram = 15.4323584 grains?

Solution:

5.0 gr=5.0gr x1=50grx —08
0gr=5.0grx1=5.0grx
= = 8T % 15.4323 gr

The units gr cancel, yielding the result

5.0gr=5.02-15.4323g=0.324¢

Length Unity Factors
The parameter length may be measured in inches (in) in the English system, but scientific measurements (all measurements in the
world exclusive of the U.S.) are reported in the metric units of meters (m) or some more convenient derived unit like centimeters

(cm).

Centimeters ill

Figure 1.6.2: The length of a rod can be measured either in centimeters or inches. We can record the length either as 3.50 in or as
8.89 cm. In either case we are referring to the same quantity.

v Example 1.6.2 : Unit Conversions

Express the length 8.89 cm in inches, given that 1 cm = 0.3937 in.

Solution

Since 1 cm and 0.3937 in are the same quantity, we can write the equation

1cm =0.3937in

Dividing both sides by 1 cm, we have

~0.3937in

~ lcm
Since the right side of this equation equals one, it is called a unity factor. It can be multiplied by any quantity, leaving the
quantity unchanged.

0.3937 in

8.89cm =8.89cm x1=28.89 cm x
1cm

The units centimeter cancel, yielding the result 8.89 cm = 8.89 x 0.3937 in = 3.50 in

This agrees with the direct observation made in the figure.
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Let us look at our air-pollution problem. It has probably already occurred to you that simply measuring the mass of smoke collected
is not enough. Some other variables may affect your experiment and should also be measured if the results are to be reproducible.
For example, wind direction and speed would almost certainly be important. The time of day and date when a measurement was
made should be noted too. In addition you should probably specify what kind of filter you are using. Some are not fine enough to
catch all the smoke particles.

Temperature

Another variable which is almost always recorded is the temperature. A thermometer is easy to use, and temperature can vary a
good deal outdoors, where your experiments would have to be done.
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Figure 1.6.3: The Celsius and Fahrenheit scales compared. Temperatures in bold face are exact and easy to reproduce. Other
temperatures are approximate and somewhat variable.

In scientific work, temperatures are usually reported in degrees Celsius (°C), a scale in which the freezing point of pure water is

0°C and the normal boiling point 100°C. In the United States, however, you would be more likely to have available a thermometer
calibrated in degrees Fahrenheit (°F). The relationship between these two scales of temperature is

T(UF) —-32 _ 9

T(OC) 5

Note that the temperature scales cannot be interconverted with simple unity factors, because they do not have a common zero
point (0°C = 32°F). Rather, the mathematical function above must be used. The equation above is written in terms of the
parameter temperature (T) with the units or dimensions subscripted in parentheses.

Volume Measurements

More important than any of the above variables is the fact that the more air you pump through the filter, the more smoke you will
collect. Since air is a gas, it is easier to measure how much you collect in terms of volume than in terms of mass, and so you might
decide to do it that way. Running your pump until it had filled a plastic weather balloon would provide a crude, inexpensive volume
measurement. Assuming the balloon to be approximately spherical, you could measure its diameter and calculate its volume from
the formula
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v/ Example 1.6.3 : Volume Calculation

Calculate the volume of gas in a sphere whose diameter is 106 in. Express your result in cubic centimeters (cm?).
Solution

Since the radius of a sphere is half its diameter,
1 . .
7‘25 X106 in =53 in

We can use the same equality of quantities as in Example 1 to convert the radius to centimeters. When we cube the number and
units, our result will be in cubic centimeters.

1cm =0.3937in

1cm _
0.3937in
1cm 53

R=531nx 5203 in ~ 0.3037

Using the formula

4 5 4 53 3

V= 3T =3 X 3.14159 x (0.3937cm) (1.6.5)

= 10219264 cui (1.6.6)
(1.6.7)

You can see from Examples 1 and 2 that two unity factors may be obtained from the equality
1cm=0.3937 in

We can use one of them to convert inches to centimeters and the other to convert centimeters to inches. The correct factor is
always the one which results in cancellation of the units we do not want.

The result in Example 2 also shows that cubic centimeters are rather small units for expressing the volume of the balloon. If we
used larger units, as shown in the following example, we would not need more than 10 million of them to report our answer.

v/ Example 1.6.4: Volume Unit Conversion

Express the result of Example 3 in cubic meters, given that 1 m = 100 cm.

Solution
Again we wish to use a unity factor, and since we are trying to get rid of cubic centimeters, centimeters must be in the
denominator:
1m
1 =]
100 cm

But this will not allow cancellation of cubic centimeters. However, note that 13 = 1 That is, we can raise a unity factor to any
power, and it remains unity. Thus
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3 3 3
1 1 1

1=< m > IS 1 (1.6.8)

100 cm 100* cm® 1000 000 cr®
and (1.6.9)

3 Im \?

10 219 264 cm® = 10 219 264 cm® x (1.6.10)

100 cm

3 1m?
=10219 264 cm® x ——— (1.6.11)
100 000 cm®

=10.219 264 m’ (1.6.12)
(1.6.13)

This page titled 1.6: Measurements, Quantities, and Unity Factors is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or
curated by Ed Vitz, John W. Moore, Justin Shorb, Xavier Prat-Resina, Tim Wendorff, & Adam Hahn.

https://chem.libretexts.org/@go/page/49274


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/49274?pdf
https://chem.libretexts.org/Bookshelves/General_Chemistry/ChemPRIME_(Moore_et_al.)/01%3A_Introduction_-_The_Ambit_of_Chemistry/1.06%3A_Measurements_Quantities_and_Unity_Factors
https://creativecommons.org/licenses/by-nc-sa/4.0
http://wiki.chemprime.chemeddl.org/

