Worcester Polytechnic Institute

PH 1120, Term B, 2007

Significant Figures


EVERYBODY works with numbers in their everyday lives.  Yet few people understand the concept of significant figures (except, perhaps, in the context of money!).  For those who make measurements and do calculations as part of their daily work and then have to COMMUNICATE those results to someone else, it is necessary to have some standard way to express the results of these measurements and calculations so that the results are not misinterpreted by others.  That is the subject of this discussion.


ALL given numbers on exams and non-computerized (written) homework in PH 1120 will be given to you good to THREE FIGURES and to TENTHS OF A DEGREE in the case of angles.  Examples are 4450, 4050, 332, 66.8, 68.0, 6.00, 0.0495, 0.0405, 0.000308, 33.4°, 333.4°, 390.0°, and 900.0°.  Note that some zeroes in this presentation are significant and some aren’t.  Specifically, angles must always include tenths of a degree no matter how many digits are involved (zero or not), and in the case of non-degree numbers a zero counts ONLY if it is part of a three-number set that begins with a non-zero number.  Actually, the first two numbers, 4450 and 4050, are ambiguous and COULD be regarded as 4-digit numbers.  The way to resolve this ambiguity is to use scientific notation, n.mp·10N, where n is an integer from 1 to 9, m and p are both integers from 0 to 9, and N is an integer, either positive or negative.  We regard scientific notation to be an unnecessary complication in PH 1120.  Use it if you wish, but otherwise simply regard 4450 and 4050 to be a three-digit numbers with the final zeroes not being significant numbers in these cases.  (And for a number like 4400, we will regard the first zero as significant and the second zero as not, just to stay in step with our simple three-digit rule.)


Now here is the point of this whole discussion.  ALL of your numerical ANSWERS on exams and on written homework MUST be presented according to the same guidelines:  to THREE FIGURES for plain numbers, and to TENTHS OF A DEGREE for angles.


And here’s the reason!  When given three-figure numbers (numbers whose precision is good to three digits), you cannot expect any series of subsequent calculations involving those numbers to result in an answer whose precision exceeds three figures.  Even though your calculator may happily give you an answer to eight or more digits, most of those numbers are NOT significant, and you MUST round the given result to THREE FIGURES (or TENTHS OF A DEGREE if your answer is an angle) in order not to imply an inappropriately high precision.


Furthermore, if you follow a proper technique in obtaining a calculated answer from that three significant figure input, your answer will generally be good to three-figure precision, rather than one or two.  Here’s that proper (and simple!) technique.  If you can take the given numbers and proceed directly to a calculated answer on your calculator, just round the answer to THREE FIGURES (or TENTHS OF A DEGREE), and you are all set – you can’t do any better than that!  If you have to calculate some intermediate quantities along the way which you write down for later entry back into your calculation, then you MUST write down four-figure, if not five-figure, intermediate quantities for these in-between steps, and then use all four or five figures in subsequent calculations – that will give you results of the same precision as if you had proceeded directly to a calculated answer without writing down any intermediate numbers.


All of this will come up from time to time in lecture, especially when examples are being worked out numerically, but we can try to demystify the above procedure right here – it’s called avoiding round-off error.  When you start with three-figure numbers, you prevent round-off error encountered in each subsequent calculation from propagating up into that third figure by including at least four figures (or better yet, five) in every subsequent calculation.  Your calculator does this automatically for all calculations done start-to-finish on the calculator because it retains LOTS of digits for each calculation (undoubtedly more than eight!).  And the reason for expressing angles to TENTHS OF A DEGREE is the fact that angles usually enter a calculation through a trig function, and for most angles you will use in PH 1120, a tenth of a degree corresponds to three-figure precision.


Many more details are involved in this precision business (in an area of study officially called “error analysis”), but the above discussion distills the essence of error analysis down to a simple rule you can easily follow in order to usually retain the three-figure precision provided by the input values.  In PH 1120 we simply stretch “usually” to mean “always” in order to avoid what we regard as unnecessary complications for this course in the detailed analysis of significant figures.


The above details are our guidelines for exams and written homework. There are other aspects of the course, too. The computerized homework sometimes counts a numerical answer as correct if it is within a few percent of the exact answer to allow for round-off errors (but sometimes not – please follow the Mastering Physics instructions about number of reported digits). For the laboratories, much of the data will be acquired as an average value plus or minus a standard deviation. For the lab worksheets, follow the instructions as to how to present your data and calculated answers.

