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MEMORANDUM FOR ALL CADETS, USCC

SUBJECT:  Reporting of Numerical Values

1.  The purpose of this memorandum is to set forth a consistent policy for the reporting of numerical values arising in the solution of problems encountered in mathematics, science, and engineering courses at the United States Military Academy.

2.  When measuring a physical quantity, the number of digits reported in the result reflects the level of uncertainty in that measurement.  The digits reported in the result are referred to as significant digits.  For example, suppose that this paper is measured to be 8.49 inches wide.  This value has three significant digits, and last digit (9) is presumed to be uncertain.  The decimal place of the least significant digit denotes the precision of the number.  In this example, the indicated precision is to the hundredths place.

3.  When reading the statement of a problem, it is important to distinguish between exact numbers and approximate numbers.  An exact number has an infinite number of significant digits.  Approximate numbers contain only a specified number of significant digits and arise from uncertainties in measurement or from the rounding off of exact numbers.  As a rule, the following apply:


a.  In the science and engineering departments, cadets will assume that values given in problems are approximate numbers unless otherwise prescribed by the context or problem statement. 


b.  In the Department of Mathematical Sciences, cadets will assume that every given number in a problem is exact unless otherwise prescribed by the context or problem statement. 

4.  Below are the general rules to apply when reporting calculated numerical values:


a.  Exact numbers.   Calculations involving only exact numbers result in exact numbers.  When the answer is exact but irrational, cadets may either report the exact answer or give a numerical approximation to at least four significant digits.  For example, the area of a circle with a radius of exactly 2 meters could be given as 4( m2 , 12.5663706144 m2  (calculator’s accuracy), 12.57 m2  (rounded to four significant digits), or 1.257 × 101 m2  (scientific notation). 


b.  Approximate numbers.  Report answers using the least number of significant digits of the approximate numbers involved in a calculation.  For example, the product of the approximate numbers 62.0 and 1436.28 is 8.90 × 104 (only three significant digits).   This rule applies except for the case of addition (and subtraction).  The answer to an addition or subtraction operation will be no more precise than the least precise number involved in the calculation.  For example, 1251.17 – 50.6 = 1200.6; the result in this case has five significant digits and is precise to the tenths place.


c.  Combinations of approximate and exact numbers.  If a calculation involves a combination of exact and approximate numbers, the resulting value is approximate and is reported using the rules specified in paragraph 4b.  This is a consequence of the fact that exact numbers have an infinite number of significant digits.  For example, the circumference of a circle (C = 2(r) with radius 1.00 cm should not be represented as 6 cm but rather as 6.28 cm.  This is because both 2 and ( are exact numbers while 1.00 has three significant digits.  

5.  Below is a list of supplements to the rules specified in paragraph 4:


a.  All nonzero digits in a number are significant.


b.  Leading zeros and zeros used as placeholders are never significant digits.   In other words, if a zero’s only function is to place the decimal point, the zero is not significant.  For example, the number 0.000023 contains two significant digits.


c.  Any zero (that is not a placeholder) to the right of the decimal point is significant.  For example, the numbers 4.000 and 76.70 both contain four significant digits. 


d.  Any zero between significant digits is significant.  For example, the numbers 560.001 and 2.00010 contain six significant digits. 


e.  Determination of the number of significant digits in a given number such as 77,000 can pose a problem.  To avoid confusion, cadets will interpret 77,000 (with no decimal point) as having two significant digits while 77,000. (with a decimal point) contains five significant digits.  If 77,000 is meant to have two, three, or four significant digits, it may be expressed in scientific notation as 7.7 ( 104 , 7.70 ( 104, or 7.700 ( 104, respectively. 


f.  Cadets can use an “equals sign” to indicate all acceptable answers, either exact or approximate.


g.  Cadets should not discard digits from intermediate results.  The only time cadets should round off is at the end of the calculation. 

6.   The context of a given problem may dictate deviation from the rules given above.  Since modeling is a key ingredient in our mathematics, science, and engineering programs, the reported solution to a problem must meet the needs of the requester.  Cadets must understand the purpose of their reported answer.  For example, it does not make sense to report that we need or can build 14.7737 trucks.  It would make sense to report that we need 15 trucks to carry out the mission or that we can build 14 trucks. Similarly, if a soldier has 6 magazines that each hold 20 rounds of ammunition, the total number of rounds carried by the soldier should be reported as 120, not as 100 or 1 ( 102 .  Appropriately rounding numbers reveals an understanding of the real-world behavior that is being modeled.
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