Flow diagrams

Theuseof flow diagramsiscovered in most mathematicscourses, generadly usnga'‘red-life’ context of
something like making atelephone-call, or cooking anegg, or smilar. Theseare small enough tasksto make
the principlesevident, but run therisk of trivialising what can animportant tool and thusmaking it seem
irrdlevant. Inthisunit theflow diagramsare meant to bedirectly of usein the classroom and areintended to
hel p pupils do some mathematics more easily. Some pupils might even benefit from having their own set of
flowdiagramsto keep intheir notebook. It isassumed that acal culator will beused, and it most useful if it has
attkey, otherwiseavauewill haveto begiven (3.14 will do).

Thefirst four flow diagramsdeal withthe SQUARE, CIRCLE, CUBE and SPHERE.

What these shapeshavein commonisthat, given only one measure (edge-length, areaetc.) of that shape
thenall theotherscan befound. Thedegreeof difficulty in every casedependsupon what isgiven and what
hasto befound. For example, inthe case of asquare, asked tofind its perimeter when given itsedge-length
could beconsidered an*easy’ problemfor most. Howevey, if thelength of the diagond isthe given measure,
then determining the otherswill be beyond the capabilities of many. But once the use of asuitableflow
diagramisinvoked then none of the problemsareat al difficult. Infact, the biggest problem thenisthe
correct useof the calculator - whichisdealt with on alater page and ismost important if someerrorsareto
beavoided. Seethe page headed * Cal culatorsand Flow Diagrams'.

Some surprising relationshi psare sometimesreveal ed in flow diagramswhich arenot lwaysapparentin
the conventiona mathematical methods used in solving problems. Herefor instanceinthetheflow diagram
for the squareit iseffectively saying that area= 2 x (diagonal ). It isnot difficult to demonstrate the truth of
this, either geometrically or algebraicaly, onceit had been seen. Following onfromthis, asimilar relationship
can then be spotted for the cube. Discoveries concerning such rel ationshi ps should be encouraged.

A largedrawing of theflow diagramfor the squareisincluded. Thiscan beused to makean ohp transparency
so that theway of working can be demonstrated. Somefun can be had by showing that all squareshavethe
samelength of diagond! Start with anareaof 1. Follow through thetwo instruction boxesto get thelength of
thediagonal as1.4142...whichitis. Repeat several timeswith different valuesfor the areaand (unless
someoneknowswhat thisisal about) thediagonal isalways1.4142. . . For anexplanation read‘ Caculators
and Flow Diagrams' . Most of theflow diagrams containthis‘ trap’ soitisimportant to get it sorted out.

The CONE andthe PYRAMID (circular- and square-based respectively) are next. Theseflow diagrams
cover only thesmplest rel ati onships between base size, perpendicular height and volume. It merdly turnsthe
traditional formulasinto flow diagramswith themerit now that ‘reverse’ cal cul ations can be performed
without any need for transforming aformula. Measures such as surface areaand dant heightsare not dealt
with here. Pythagorasdoesnot fit into asimpleflow diagram. Opportunity could betaken to show how these
areinonesensethe*same’ formula. For any 3-dimensiond shapeof thiskind, having aplane base (whatever
itsshape) with dl thefacescoming from that baseto acommon vertex, itsvolumeisgiven by theareaof that
base divided by 3, multiplied by the perpendicular height of that vertex above the base. Noteit isthe
perpendicular height which matters, the vertex does not to haveto belocated directly over the centre of the
base.

Thenext shapededt withisthe CYLINDER. Thisrequirestwo measuresto be known, out of five (which
meansten possible starting pairs), but some cannot beresolved withinthelimitsof asmpleflow diagram so
thereare somecal culationswhich arenot offered here. For example, given thetota surfaceareaand volume
asstarting measures, it requiresthe sol ution of acubic equation to find the others. And thisisbeyond normal
school mathematics, never mind smpleflow diagrams. It doesneed to bemade clear that thefirst requirement
istofind wherethetwo piecesof given dataoccur. One of them being used in the starting-box and the other
Inasubsequent instruction-box. Also, in some cases, avalue not expresdy asked for in aquestion may have
tobefoundinorder to useit e sawhereintheflow diagram. For example, given thetota surfaceareaandthe
radius, and asked to find the curved surface area (which usestheright-hand diagram of thetwo) then it
wouldfirst be necessary to find the helght (using theleft-hand diagram).

continued . ..
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The SECTOR of a Circle also requires two measures to be known, but nearly all of the possible
calculationsare on offer, though somethought isneeded in afew cases.

The OBLONG requirestwo measuresto be known, but much morethought needsto begiventoteasing
out just how to usethisone effectively, especially where somethings haveto beworked out and then used
elsawhere. A new ideahereiswhen giventhe diagonal and oneedgeit requirestwo val uesto be cal cul ated
inparalle, and then multiplied together. A few thingsthat cannot be donewithin therestrictionsof asmple
flow diagram are, starting with any two of Area, Perimeter and Diagond, the edge-lengths cannot befound.

TheCUBE ROOT flow diagramissomething different. It wasoriginally produced to hel p thosewho had

only abasic calculator. Theincreasing availability of scientific calculatorsmight suggest it isnow redundant.
However, it ill hasapurposein showing the use of adecision-box and aloop.
For more-able pupils some discussion on why it works might be useful. It isan exampleof aniteration,
repeating aprocesswith ever increasing accuracy. It isbased on thefact that we are seeking asolution to
x*= Nwhichwecanre-writeasx= N+ x? and then using thislatter equation by puttinginafirst gpproximation
for x, evaluating N + x? to give acloser valuefor x and then using that, and so on.

PRACTICE EXERCISES intheform of tables needing to be completed provide plenty of work togain
familiarity with theseflow diagrams. They cover six out of thenineflow diagramsgiven. Impossiblecasesare
blanked out. Answersare provided, to be used in any way considered appropriate. They could be given out
at thesametimeasthe exercisesfor afirst practice. Answersareasoincluded for the‘impossible’ casesfor
the benefit of thosewho might have been ableto do them by some other means (trial and error?).

Additional Notes

Whileflow diagrams should be salf-contained and self-explanatory, anintroductionisbound to be needed.
The styleand depth of that i ntroduction must depend upon the classand will vary widely.

Therearetwo sortsof ‘boxes . Therectanglesare* action-boxes containing aninstruction to do something.
Theothersare’ dimension-boxes containing the name of one of themeasuresof the shapebeing dedlt with.
Theinstruction in an action-box aways hasto be gpplied to theworked-out valueat that point. For adetailed
explanation of what that means see* Cal culatorsand Flow Diagrams' . It must be understood that in all the
boxesthewording iseconomical. For example:

‘Radius’ means'thelength of theradius
‘Squareit’ means‘ multiply the number now showing on thecal culator display by itself’.
Thiscan usually bedoneby pressing [¥] [=]

J~ means'takethe squareroot of the number now showing on the calculator display.
Anunderstanding of what thisentailsinaflow diagramisessentid.

Also

A spacediagonal isastraight linein a3-dimensional shapejoining two verticeswhich are
not on the sameface.

Unitstend to beignored, but some mention should be made of thefact that they must be
cong stent; to havearadiusinmillimetresand aheight in centimetresisnot agood idea. Alsothat
theunitsof thefinal answer will depend upontheinput; if thelength of adiagonal isgivenin
metresthen theareawill bein square metres. Both of these pointsarethe samewhatever method
isbeing used to solve the problem of course, but seemsto be much more easily overlooked
whenworking withaflow diagram.
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Calculators and Flow Diagrams

L eaving aside more esoteric types (such asgraphicsetc.) therearebroadly two typesof calculator used to
doarithmetic. Oneisusually described as’Basic’, theother as* Scientific’ . They can usually bedistinguished
quiteeasily at aglance by the complexity of their respective keyboards. However, amuch moreimportant
distinctionfor the user isin theway they operate, and everyone ought to be aware of that difference. The
Scientific Calculator understands that, in mathematics, there are orders of precendence when using a
combination of operationslike, for instance, multiplication hasto bedonebeforeaddition. The Basic Caculator
knows nothing of thisand worksthingsout inthe order in which they aregiven. To seethisusethe 234-Test.

The 234-Test
Consider thesum2+3x 4

Mathematically, since multiplication has precedence over addition, the 3 x 4 must bedonefirst togive 12,
and then the 2 isadded to make 14

However, smplereading from left to right yieldstheworking: 2 + 3gives5, whichismultiplied by 4to
make 20

Two different answersto the same statement - an unacceptable anomaly.
Try itonacalculator, with thesekey presses.
222 I I (S £ I B
OnaScientific Calculator theanswer will be 14
OnaBasic Caculator theanswer will (usualy) be20

Sincethisdifferenceexigts, and must bededt within some
way, itisworth giving aparticular nameto oneof them.
The* correct’ way (using themathematica rulesof operator
precedence) issmply ‘arithmetic’.

The other way (working from left to right) will here be
referred as* flow-arithmetic'.

Canthe Scientific Cal culator be madeto do flow-arithmetic? Quite easily. In the above case, pressing:
2 [+ B [FE X [ [f] gvestheanswver20
Theuse of theextra[=] hasforced it to work out 2 + 3 beforegoingonto x 4

An operator which complicatesmatters (on any calculator) is /~
Consider ,/5+4 whichcanbeseenas /9 whichis3

Evenwith flow-arithmetic, sinceit isthe square-root of the number(s) insidethe sign which hasto be
found, it must berealised that [ /] hasto comeat the end, rather than the beginning, soitisdoneonthe
caculator as.

[5] [+] [4] (V1 [F which gives theanswer 7. What hasgonewrong?
Studying the cal culator display asthekeysare pressed shows
Keypress: [5] [+] [4 [v] [F
Digplay: 5 5 4 2 7

Thisdemonstratesthat thekey [/~ ] operatesonly onthe number inthedisplay at thetime, regardless of
anything that hasgonebefore.

Again, theinsertion of an extra[=] will forcethe correct working. Press:
[5] [+] [4] [=] [V] andtheansweris3
Noticethereisno need for afinal [=]. Infact, on somecal culatorsit can bedisastrous! Try it.
An (amost) fool-proof ruleinflow-arithmeticis
Always press [=] after a (complete) number has been entered.
Caution. In spite of all the definite statements made above, they are only generalisations to provide
guidance. Calculators do vary and need to be 'tested’ to establish their way of working.
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OBLONG

An oblong is a rectangle which has two different lengths of edge.
The edges are referred to here as Edge 1 and Edge 2, but for
calculating purposes, their names (or values) are interchangeable.
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CUBE ROOT

The flow diagram on the right can be used to
find the cube root of any number very quickly.

It works by making an estimate of the cube (
root, and then using that estimate to get a

more accurate estimate, and then using that

estimate to get an even more accurate

estimate and so on.

N = Number whose cube root is to be found.

To decide when the answer is accurate
enough:

First decide, to how many decimal places the
answer is needed and add one (to allow for
rounding). >

Then, each time the question-box is reached,
make a note of the answer before going
around the ‘loop’.

When an answer repeats itself to the number
of decimal places decided upon, then it is
accurate enough.

S e e i e = k=

Loop

As an example, searching for the cube root
of 40 produces these answers at the
guestion-box stage (different calculators
might vary on the last digit) and shows the
number of decimal places to which they
match:

3.1669685
3.3548718
3.4035645 O 4
3.4158477

3.4189254 Yes
3.4196952

3.4108877 0° 4P
3.4199359
3.4199479
3.4199509
3.4199516
3.4199518
3.4199519
3.4199519

OO

O™

CCube Root of N)

OO

4d.p.

O™

5d.p.

o™

7 d.p.
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Flow Diagram Practice Exercises ~ 1

Complete these tables of information for the shapes named. Give all answers to 3 decimal places.

Square
Edge Length Area Perimeter Diagonal
1 5.6cm
2 19.0cm?
3 27 cm
4 12.5m
5 147.3 mm 2
6 78 cm
Circle
Radius Diameter Circumference Area
7 2.6cm
8 7.8cm
9 31.4m
10 100.0 cm 2
11 457 mm
12 9.56m?
Sector of a Circle
Radius Sector Angle Area Arc Length
13 5cm 40°
14 7.5m 3.2m
15 74° 16 mm
16 9.6cm 8.70 cm 2
17 115° 26.3m?2
18 51.1cm? 9.4cm
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Flow Diagram Practice Exercises ~ 2

Complete these tables of information for the shapes named. Give all answers to 3 decimal places.

28

29

30

31

32

33

34

35

36

Cube
Edge Length Area of 1 Face [Total Surface Area| Space Diagonal
19 2.8cm
20 17.0cm?
21 2143.0 mm 2
22 9.2m
23 156.4 mm 2
24 78 cm
Sphere
Diameter Surface Area Volume
25 2.65cm
26 43.7cm?
27 54.6 mm?3
Oblong
Edge 1 Edge 2 Area Perimeter Diagonal
3cm 4cm
3cm 5cm
4.5mm 43.0mm 2
7.86m 28.4m
_ _ 57.0cm 2 12.7 cm
12 cm 78 cm
34.6 mm 210.4 mm?
3.2m 6.8 m
B oo 13.4cm
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Flow Diagram Practice Exercises ~ 1 ~ ANSWERS

All answers given to 3 decimal places.

Square
Edge Length Area Perimeter Diagonal
5.6 cm 31.360cm 2 22.400 cm 7.920 cm
4.359 cm 19.0cm? 17.436 cm 6.164 cm
6.750 cm 45.563 cm ? 27 cm 9.546 cm
8.839m 78.125 m 2 35.355m 12.5m
12.137 mm 147.3 mm 2 48.547 mm 17.164 mm
55.154 cm 2| 3042.000 cm 2 220.617 cm 78 cm
Circle
Radius Diameter Circumference Area
2.6cm 5.200 cm 16.336 cm 21.237cm 2
3.900 cm 7.8cm 24.504 cm 47.784cm 2
4.997 cm 9.995cm 31.4m 78.460 cm 2
5.642cm 11.284 cm 35.449 cm 100.0 cm 2
72.734 mm 145.468 mm 457 mm 16619.675 mm ?2
1.744 m 3.489 m 10.961 m 9.56 m?
Sector of a Circle
Radius Sector Angle Area Arc Length
5cm 40° 8.727 cm ? 3.491cm
7.5m 24.446 ° 12.000 cm 2 3.2m
12.388 mm 740 99.106 m 2 16 mm
9.6 cm 10.818° 8.70cm? 1.813cm
5.119m 115° 26.3m? 32.492 m
10.872 cm 49,537 ° 51.1¢cm? 9.4 cm




Flow Diagram Practice Exercises ~ 2 ~ ANSWERS

All answers given to 3 decimal places.

Cube
Edge Length Area of 1 Face ([Total Surface Area| Space Diagonal
19 2.8cm 7.840cm 2 47.040cm 2 4.850cm
20 4.123 cm 17.0cm? 102.000 cm 2 7.141 cm
21 18.899 mm 357.167 mm ?2 2143.0mm? 32.734 cm
22 5.312m 28.213 m ? 169.280 m 2 9.2m
23 12.506 mm 156.4 mm ? 938.400 mm 2 21.661 mm
24 45.033 cm 2028.000cm 2 |12168.000 cm 2 78cm
Sphere
Diameter Surface Area Volume
25 2.65cm 22.062 cm 2 9.744cm?3
26 3.730 cm 43.7cm? 27.164 cm 3
27 4.707 mm 69.601 mm 2 54.6 mm 3
Oblong
Edge 1 Edge 2 Area Perimeter Diagonal
28 3cm 4 cm 12.000 cm 2 14.000 cm 5.000cm
29 3cm 5cm 15.000 cm 2 16.000 cm 5.831cm
30 4.5 mm 9.556 mm 43.0 mm? 28.111 mm 10.562 mm
31 7.86m 6.340 m 49.832 m 2 28.4m 10.098 m
32 4.858 cm 11.734 cm 57.0cm? 33.184 cm 12.7cm
33 27.000 cm 12 cm 324.000 cm 2 78 cm 29.547 cm
34 6.081cm 34.6 mm 210.4 mm 2 81.382 cm 35.130 cm
35 6.000 m 3.2m 19.200 m 2 18.400 m 6.8m
36 5.924cm 12.020 cm 71.2cm? 35.866 cm 2 13.4cm
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