UNCERTAINTY & SIGNIFICANT FIGURES (text pg 66-71)
Quantities refer to real, measurable properties like mass or volume, so every measurement has some
uncertainty: you cannot measure accurately beyond the limit of your measuring instrument. A quantity
must therefore tell you two things: how large or small it is (its value), and how well you were able to
measure it. The number of significant figures (sigfigs) you record gives the second piece of information.
There is no difference between the pure numbers 2 and 2.000, but there is a difference between the
quantities 2 g and 2.000 g. The quantity 2 g was measured crudely, maybe just by estimating it, but the
quantity 2.000 g was measured carefully, with an accurate balance. The numerical values are the same,
but the information about the measurements is not. The quantities contain different numbers of sigfigs.
When reading an instrument, you should record all the digits you can observe up to and including the first
digit where uncertainty begins (but no more). For example, look at these pictures of the mass of a
pistachio. The right-hand scale on balance (a) has a mark for every 1 gram; the reading is just a little over
1 gram, and we estimate it to be 1.2 g (two significant figures). Balance (b) has a mark on the dial for
every 0.1 g, and the reading (the line leading to the °) is just between 1.2 and 1.3 –– closer to 1.3, and we
estimate it to be 1.27 g (three significant figures). If you wrote fewer digits, you would imply that the
measurement was cruder than it really was, and if you wrote more, you would imply that your
measurement was more accurate than it really was. You want to communicate exactly what level of
uncertainty exists in your measurements.

Now study these pictures of measuring instruments, and the quantities recorded from them.
The thermometer has a mark for every degree. The
mercury appears to be between 103 °C and 104 °C. We
are sure it is 103 point something, and we estimate it to be
103.4 °C. The last digit is uncertain.
The graduated cylinder has a mark for every 0.1 mL. The
bottom of the meniscus is between 4.5 and 4.6 mL. The
reading must be 4.5-something –– we estimate it to be
4.57 mL.
In each case we recorded all the digits we were sure of,
and the first digit we had to estimate. The estimated digit
is uncertain.
What if, in your judgment, the meniscus were exactly on
the line? You would record the estimated digit as zero,
perhaps 4.60 mL. If you just wrote 4.6 mL, it would
appear that the instrument is marked only at each mL and
the tenths are uncertain, which is not true.

A digital instrument will show the uncertain digit as the last digit in the display, so record all the digits
shown and do not drop zeroes.
A zero may be part of the measurement (a sigfig), or it may be just a decimal place holder, so often it is
not clear whether or not to count a zero as a sigfig. Which zeroes count as sigfigs and which do not?
• Leading zeroes never count as sigfigs. Zeroes at the beginning of the number are never part of the
measurement. There are only 3 sigfigs in the quantity 0.00275 kg.
• Internal zeroes always count as sigfigs. Zeroes in the middle of the overall number are always
part of the measurement. The quantity 1.004 g has 4 sigfigs
• Trailing zeroes count as sigfigs only if the decimal point is written. Zeroes at the end of the
number are assumed to be part of the measurement if the decimal point is written, but are assumed
to be decimal point locators if no decimal is showing. The quantity 12.40 mL has 4 sigfigs, but the
quantity 250 mL has only 2 sigfigs. To be absolutely clear, use scientific notation: 2.5 x 102 mL
has 2 sigfigs, and 2.50 x 102 mL has 3 sigfigs.
Here are a few examples:
How many sigfigs are in . . .
12.35 g
0.00568 L
3.007 g
21.0 °C
500 mL
0.0250 L

Answer
4 (count all non-zero digits, not just decimal places)
3 (leading zeroes never count)
4 (internal zeroes always count)
3 (trailing zeroes count if decimal is showing)
1 (trailing zeroes do NOT count if no decimal is showing
–– but don’t leave them out, or it looks like 5 mL!)
3 (leading zeroes never count,
but trailing zero counts if decimal is showing)

Sigfigs in calculated results (text pg 68-71)
The answer to a calculation cannot be more accurate than the information you entered into the calculation
–– but calculators don’t know that, so it’s up to you to round answers appropriately. There are two rules
for reporting the uncertainty in answers calculated from data.
1. When adding or subtracting, round off to the fewest number of decimal places.
22.9898 g
1.00794 g
12.011 g
47.9982 g
84.00694 g

Suppose you are adding together the masses shown at left.
Round the answer to 84.007 g, the same number of decimal places as the quantity
with the fewest decimal places in your calculation.

2. When multiplying or dividing, round off the final answer to the same number of significant figures
as the fewest sigfigs in your data, after any addition or subtraction.
Suppose you are calculating this ratio:
mass
35.72g
35.72g
=
=
= 8.712 g mL
volume 16.5mL −12.4mL 4.1mL
After doing the subtraction, you have 4 sigfigs in the numerator and 2 sigfigs in the denominator.
Round your final answer to 2 sigfigs (8.7 g/mL).
The uncertainty in the answer, communicated by your round-off decision, arises not because you are
sloppy or unskilled, but because of the limitations of your measuring instruments. You should not report
more digits than your measuring instruments can provide.

