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The Lost Art of Significant Digits
More digits don’t always mean more accuracy
When I entered the engineering college in 1952, I had with me a book of log tables and
nice slide rule that I proudly carried in a leather case to my engineering classes. Virtually
everyone at the engineering college had the book of log tables and/or a slide rule then,
but by the time I turned 35 years of age you didn’t have an electronic calculator, you
would have a hard time competing.
Unfortunately, the demise of the slide rule brought with it the demise of “significant
digits.” The topic of significant digits was actually taught in many classes because the
scales on a slide rule did not allow one to make calculations that would result in three or
more digits after a decimal point. As a result, answers to homework or test problems
were rendered in “scientific notation” such as 7.13 x 10^3. The electronic calculator
would give the answer as 7,132.435674... wow! The calculator is “more accurate” than
the slide rule! Or is it? I actually had professors who would deduct points if you gave
answers that looked like the latter example and exceeded the proper number of
significant digits.
As a somewhat absurd but illustrative example, suppose a geology professor takes an
old fossil to class and announces, “This fossil is two million years old.” The following
year, is the professor going to bring the same fossil to class and announce, “This fossil
is two million and one years old”? Well, it depends on what the professor meant. Does
“two million years old” mean 2,000,000 years or 2,000,000.00 years?
In the former case, the fossil is 2,000,000 years old with just one significant digit (the 2).
All other digits are essentially random numbers. Depending on rounding conventions,
the fossil could be anywhere between one and a half million and two and a half million
years old. In the latter case, we have nine significant digits, and the fossil was having its
“two millionth birthday” while being presented to the class for the first time. The following
year the professor would be justified in adding one year to the fossil’s age.
As a more practical example, suppose a test lab measures some physical property of a
sample submitted to it by a manufacturer, and the test is repeated five times. The test
results are: 25.3, 24.9, 25.1, 24.9, and 25.0. The lab reports the average as 25.040
because sometime in the past, someone wanted to know the value to three decimal
places to be “more accurate” or “more precise.” The best value for the answer is 25.0;
25.040 is neither more accurate nor more precise. The 4 and the last zero are random
numbers.
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The following are the most commonly used rules for determining the number of
significant digits:
•

All nonzero digits are significant (e.g., 87 and 56.98 have two and four significant
digits, respectively).

•

All zeroes between nonzero digits are significant (e.g., 12.012 has five significant
digits).

•

Leading zeroes are not significant (e.g., 0.0123 has three significant digits).

•

Trailing zeroes after a decimal point are significant (i.e., 108.0200 has seven
significant digits).

•

Trailing zeroes in a number without a decimal point can be ambiguous in terms of
the number of significant digits. As a general rule, do not count the trailing zeroes as
significant (e.g., 2,000,000 has one significant digit).

•

Scientific notation can be used to eliminate some ambiguity by denoting 1300 as
either 1.3 x 10^3 (two significant digits) or 1.300 x 10^3 (four significant digits),
depending on the context of the number 1300.

•

When computing (multiplying, dividing, trig. functions, etc.), the number of significant
digits in the computed value may only be equal to the least number of significant
digits in any number used as input to the computation (e.g., 4.4 x 6.64 = 29.2, not
29.216).

When adding or subtracting quantities, the answer should contain no more decimal
places (not significant digits) than the least number of decimal places found in any of the
numbers being added or subtracted.
When multiplying or dividing by a whole number, the whole number is considered to
have an indeterminate (or infinite) number of significant digits. For example, if two
identical paper clips weigh 1.02 g, then their total weight is computed as 1.02 g x 2 =
2.04 g.
The advent of calculators and high-speed computers have caused many of us to ignore
the simple fact that a calculated quantity cannot be more “accurate” or “precise” than the
least accurate or precise quantity used in the calculation. Is it just human nature to
deliver an answer like 2.34543 to appear intelligent, when the best answer is just 2.3?
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Readers may please note that D. L. Shah Trust brings out two e-journals on a
fortnightly basis. These are mailed to those persons or institutions who are
desirous of receiving them: These two e-journals are:
1. Safety Info
2. Quality Info
If you or your friends or colleagues wish to receive these journals, you may send
us an e-mail requesting for the same. There is no charge for these journals. Our
e-mail address is:
dlshahtrust@yahoo.co.in or haritaneja@hotmail.com or dlshahtrust@gmail.com
You can also access these journals on our website: www.dlshahtrust.org
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