A Safe Load

A-E Strand(s): Number: Measurement and Estimation. Sample Courses: Middle School Course 1,
Middle School One-Year Advanced Course, Integrated 2, and Algebra I.

Topic/Expectation
N.B.1 Estimation and approximation
c. Explain the phenomeron of rounding errar, idertify examdesand, wherepossible,
compensate for inaccuaciesit introduces
d. Determine areasonade degreeof precision in a givensituation.
G.A.3 Measirement
d. Recod measrremertsto rea®nable degreesof precision, using fractions and decimals as
appropriate.

Rationale

Thistask alows students to investigate the importance of usang areasonale degree of precision
in ared life situaion by allowing them to see how the degree of precision can dramatically
affect theresults.

Instructional Task

Using a common engineering formula, an engineering student represented the maximum safe
load of abridgeto be 100099 E)?O\/E) tons When the student performed the calculation, he

used 1.4 as the approximation of +/2 . When thebridgewas built and tested in a computer
smulation to verify its maximum weight-bearing load, it collapsed! The student was shodked, as
he had estimated tha thebridgewould hold ten times the weight that was applied to it when it
collapsad. Complete thetable bdow to investigate the effect of different possible approximations

for +/2 . A column isinduded in thetable for thesguae of the approximation used for«/2 to hdp
you notice how close to 2 the approximated square rootis when squaed.

Use thetable to record your answversto questions 1E8.

1. Usingthesafe load formula above calculate theweight tha the engineering student thought
the bridgecould bear using 1.4 as his approximation of /2.

2. Cdculate other weight values usng an estimate of J2 with more decimal places.

3. Usingagraphing calculator, calculate theweightvalueif +/2 isentered into the calculator
directly in the calculationingead of aroundel value



Square of Process
approximation (formula for safe load) Safe load

1000(99 B70+/2) value (tons)

Approximation

of\/f

1.4 (StudentOs
Approximation)

1.41

1.414

1.4142

1.41421

1.414213

V2

4. Wha might beareasonable degree of precision required to know how much weightthe
bridgecan handle safely? Jugify your answer.

5. Explain the engineering student@ mistake. Write an explanaion of why the bridgecollapsed.

Discussion/Further Questions/Extension

Background: Students may need to review wha @recisionOneansin a mathematical contextN
tha is, precisonrefersto the number of significant digits, whereas accuracy refersto how close
acalculated valueisto theactud value A value then, can be precise withoutbeng accurate or
accurate withoutbeng precise. Idedlly, you want avalueto beboth precise and accurate. Note

tha in thetable, thevaluesfor /2 areincreas ngly precise and also increasingly accurate.

Calculator precison: Mog goodcalculators approximate irrationd numbersto 14 decimal places
of precisioninterndly and then report about12 places on the screen. Sometimes you can use a
trick to get oneor two more decimal places of theapproximation to show by subtracting the

whole number part. For +/2 on acalculator, compare thefirst valuereturned with (\/5) 1.
Make sure your calculator isin floa modefor thenumber of decimal places displayed.

Computer precision: Software spreadsheet programs can often provide more precision than
calculators, since they are notlimited by screen size. For example, oneversion of Excel allows
30 decimal placesto showin a spreadsheet cell. Using such a program may be advantageous
when working with more than 12 digits of precision, especially when the context requires as
exact an answer as possible.
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Sample Solution

1. Usingthesafe load formula above calculate theweight tha the engineering student thought
the bridgecould bear using 1.4 as his approximation of /2 .

Setable bdow.

2. Cdculate other weight values usng an estimate of V2 with more decimal places.
Seetable bdow.

3. Usingagraphing calculator, calculate theweightvalueif /2 is entered into the calculator
directly in the calculationingead of aroundel value

See table bdow.

Note the safe loadvalueusng 1.4 asan approximation for J/2 is 1000tons while thevalue

usng J2ona graphing calculator is5.0506tons (Most goodcalculators approximate
irrational nunbersto 14 decimal places.)

Approximation apsgoux?rrﬁa%fon (formulzrf%(iessasfe load) Safe load value
for V2 (N2)? 1000(99 B70+/2) (tons)
1.4 1.96 1000(99 B70¥1.4) 1000
1.41 1.9881 1000(99 B 70¥1.41) 300
1.414 1.999396 1000(99 B 70¥1.414) 20
1.4142 1.99996164 1000(99 B 70 e 1.4142) 6
1.41421 1.9999899241 | 1000(99 B70¥1.41421) 5.3
1.414213 1.999998409369 | 1000(99 D70¥1.414213) 5.09
V2 2 1000(99 B 70+/2) 5.0506

4. Wha mightbeareasonéble degree of precision required to know how much weight the
bridgecan handle safely? Jugify your answer.

Answers may vary. Using an approximation to themillionths place (6 decimal places) would
accurately showthat the bridgecan hold between 5 and 5.1 tons However, usng a 14-

decimal-place approximation for J2 froma graphing calculator gives an even better
estimate of 5.0506tons

5. Explain the engineering student@ mistake. Write an explanaion of why the bridgecollapsed.
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Answerswill vary. A possible answver isthatthe engineering student failed to realize the
eventual impad of usng a onedecimal approximation for J2 . Whenus ngl.4asan

approximation for J2, theformula yields 100009D70(1.4))= 100q99D98)= 100q1) =
1000.This would mean thatthebridgeis calculated to hold a loadof 1000tons Asthe

nunber of decimal placesin theapproximation of J2 isincreased, a larger valueis
subtracted from99. Theresult of this subtractionis a smaller valuethat hasgreater
precision (i.e., more decimal places). The seemingly inggnificant variationin theresult from
this subtraction becomes significant when the difference is multiplied by 1000,yielding a
large changein thefinal produd.

Thistask is adapted from the December calendar (December 20) in Mathematics Teacher, December 1989, vol. 82,
no. 9, page 711. The materia is used with permission from Mathematics Teacher, copyright 1989 by the National
Council of Teachers of Mathematics. All rights reserved.
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