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Measuring and Uncertainty 
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Physical properties such as height, volume, and 
temperature that can be measured are called physical 
quantities.  Both a number and a unit of defined size 
is required to describe physical quantity.  
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About Numbers 
► A  number without a unit is meaningless. 
•  What would it mean if I said that my height was 65?  ( You 

would probably guess that I mean inches, but it would not be 
clear.) 

•  How about if I said my daughter was 14?  Do I mean 14 
years, 14 months or 14 weeks? 

► To avoid confusion, we use units. 
•  My height is 65 inches? 
•  My daughters is 14 years old.  (In this case we often leave 

the units off.)   
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34.4 kilometers  

16 centimeters 

126 picometers 
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Volume is the 
amount of space 
occupied by an 
object.  A volume 
can be described 
as a length3. 
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1000 milliliters in 1 liter 
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The metric system is based on factors of 10 and is 
much easier to use than common U.S. units. Does 
anyone know how many teaspoons are in a gallon? 

Mass is a measure of 
the amount of matter 
in an object. It is not 
the same thing as 
weight. Weight is  
related to mass, but 
you would weigh less 
on the moon than you 
do on earth, even 
though your mass is 
the same both places. 
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A scale responds to 
weight. 

A balance measures 
mass. (At the 
same location, 
two objects with 
identical masses 
have identical 
weights.) 
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► Every experimental 
measurement has a 
degree of uncertainty. 

► The volume, V, at right 
is certain in the 10’s 
place, 10mL<V<20mL 

► The 1’s digit is also 
certain, 17mL<V<18mL 

► A best guess is needed 
for the tenths place. 
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► To indicate the precision of a measurement, the 
value recorded should use all the digits known 
with certainty, plus one additional estimated digit 
that usually is considered uncertain by plus or 
minus 1. 

► No further insignificant digits should be 
recorded.  

► The total number of digits used to express such a 
measurement is called the number of significant 
figures. 

► All but one of the significant figures are known 
with certainty. The last significant figure is only 
the best possible estimate. 
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Below are two measurements of the mass of the 
same object. The same quantity is being described 
at two different levels of precision or certainty. 
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► RULE 3. Zeros at the end of a number and after 
the decimal point are significant. It is assumed 
that these zeros would not be shown unless they 
were significant. 138.200 m has six significant 
figures. If the value were known to only four 
significant figures, we would write 138.2 m. 

► RULE 4. Zeros at the end of a number and before 
an implied decimal point may or may not be 
significant. We cannot tell whether they are part of 
the measurement or whether they act only to 
locate the unwritten but implied decimal point. 
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► Scientific notation is a convenient way to 
write a very small or a very large number. 

► Numbers are written as a product of a number 
between 1 and 10, times the number 10 raised 
to power. 

► 215 is written in scientific notation as:  
215 = 2.15 x 100 = 2.15 x (10 x 10) = 2.15 x 102 
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Two examples of converting standard notation to 
scientific notation are shown below. 
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► Scientific notation is helpful for indicating how 
many significant figures are present in a number that 
has zeros at the end but to the left of a decimal point. 

► The distance from the Earth to the Sun is 
150,000,000 km. Written in standard notation this 
number could have anywhere from 2 to 9 significant 
figures. 

► Scientific notation can indicate how many digits are 
significant. Writing 150,000,000 as 1.5 x 108 
indicates 2 and writing it as 1.500 x 108 indicates 4. 

► Scientific notation can make doing arithmetic easier. 
Rules for doing arithmetic with numbers written in 
scientific notation are reviewed in Appendix A. 
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► Often when doing arithmetic on a pocket 
calculator, the answer is displayed with more 
significant figures than are really justified. 

► How do you decide how many digits to keep? 
► Simple rules exist to tell you how. 
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► RULE 2. In carrying out an addition or 
subtraction, the answer cannot have more digits 
after the decimal point than either of the original 
numbers. 
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► Once you decide how many digits to retain, the rules 
for rounding off numbers are straightforward: 

► RULE 1. If the first digit you remove is 4 or less, 
drop it and all following digits. 2.4271 becomes 2.4 
when rounded off to two significant figures because 
the first dropped digit (a 2) is 4 or less. 

► RULE 2. If the first digit removed is 5 or greater, 
round up by adding 1 to the last digit kept. 4.5832 is 
4.6 when rounded off to 2 significant figures since 
the first dropped digit (an 8) is 5 or greater. 

► If a calculation has several steps, it is best to round 
off at the end. 


