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Introduction

Many teachers have not had extensive cxperience in teaching Lhe
glide rule. They are locking for suggestions {or effective ways of
introducing the =lide rule to their students.  Some teachers who have
nad much expericnce may nevertheless be interested in checking their
own methods against those that others have found effective.  This
Teaching Guide has been prepared bo help both groups of teachers.

The sludents who are mentioned in the Guide are assumed o be in
junior or senior high school classes. The Guide is arganized into
twelve sections, Some teachers may wish 1o fellow the sugpeslions in
each of these scctions. Others will want to select only certain Sed-
tione appropriate for their classes and time allotments. There is also
game freadarm of choice as to the arder in which the various topics may
be taken up, Comments on decigions as o gelections and order are
included in the Guide.
peslion that will help him make the sludy of mathemetics more in-
teresling and elfective for his studenls, the preparation of the ELI_L
will have been worth the effort,

The quther of this Guide, Mourice [ Harturg, is widely rocag-
mized for his work in corricelum and methads in mathemotics, Ha
kos writfcn many texts ond professiemal articles far this ficld.
Bince 1936 o member of the facalfy of the University of Chicage
where he bolds the rask of Prafessor, Dr. Hartung received bath
degraa: of M A, and PRI, in Mathamatics from the University of
‘Wiiconsin.
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Introducing the slide rule

Mativation is no problem in the early stapes of tesching students bo
use a slide rule. With the instrument in their hbands they are ready
and eaper to begin using i, Tell the class that the slide rule i5 a
fairly simple tool by mesans of which answers to invalved mathematical
problems can be easily abtained. To salve the problems easily and
with confidence, however, it is necessary that the students have a
clear understanding of the operation of the slide rule.

Beogin by showing the students how to hold a slide rule, The ends of
the rele should be held detween thumb and [orefinger, This will insure
free, smooth movetnent of the 2lide and of the indicater. Holding the
rule af the center hinders this free movement,

The slide rule consigte of three parts: (1) body; (2) slide; {3) cursor,
or indicator, with its bairline, The scales on the Dody and slide are
arranged o work together in 2olving problems, and ecach scale is
nated by o letter (A, B, C, D, ete. ) or other gaymbol, The hairline
e the indicator is used to help read the scales and adjust the 2lide,
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Helping students
get the general iden

Helping studants
learn ta read
the scales

Figure 2

1.

1.1 Call atlention to the scales on the slide rule.  Tell the students
that the C and D scales are the most imporlant scales, znd that the
nasic usoe of these seales is to multiply numbers. Identify the Ly,
the slide, and the cursor, or mdicator, with its hairline. I 5 large
demanstrator rule is available, set if (o show 2 x 3 = B; that is, sat
1 onthe O scale over 2 on the T scale. Sel the hairline of the cursar
owel & on the © scale and show the class that the answer, 6, may be
read on the D scale under the hairline., Wave each student set his oam
rule and read the answer from it

Move the cursor hairline to 4 on the € scale and show that 2 = 4 = 8
miy now e read on the D scale,

1.2 Mext, wrile an example such as 2, 34 = 36. 3 on the board, Tell
the students thal before they can de more difficult examples like this,
they musl learn how to read the scales and locate the position that cor-
responds to each numbear,

2.

2.1 The primary graduations

2.11 Tell the students there are a few "wocabuliry’” terms they
should know ta ald in talking about the pracedure,

Call attention to the subdivisions of the It seale, and tell the class
that each mark i= called a graduation. i

" |IZ TpHangm !I|I|!|I|I|I|||.!_|! ] |||||||I ] Lulll I|I|I|I|I|Ij||||l||1lII_I!' I|||I£ II'I e 1'!|||||:..|||.|||L|'.|||:
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Set the cursor hairline over the left index of D.  Tell the students
this graduation is called the "left-hand fndex. " Have them note the
large numeral "1™ under it, Wext, have them observe the mark at the
right, called the "right-hand index, " which is alse labeled 17, By
moving the cursor, help the stundents locate the other major sub-
divisions labeled "2", "3, "4", ete. Explain that these ten marks are
called "primary™ graduations and represent the first digit in any
numeral. Point put that these primary gradeations are cloger together
as one moves [rom loft 1o right. Tell the students that the I scale 1s
an example of a non-uniform scale.

2.2 The secondary graduations

2.21 Next, have the students place the cursor hairline over the
left-hand index, and move it slowly to the right till they come to the
mark labeloed with a small numeral "1", then continue through V8",
"3", etc,, to primary "2".* Tell the students these marks are called
"secondary” graduations. Hawve the students notice that these gradua- '
tions separate the interval between primary "1™ and primary "2" into ﬁ
ten parts. Although these parts do not have the same length--the scale
is non-uniform--the scale 18 read as though these were tenthe., Have

*On b-inch slide rules these gradustions have ne oumerals beside thom.



Figure 3

Figure 4

the students read the seqguence batwesn primary "1 and prifoacy "E7 azs
"L b2, 1 E R4, L L8, 2000 Write these numerals on the
chalkhoard in a horizontal line.,

Continue 10 move the cursor bairline o the right over the othar
secondary graduations,  Have the students read these aloud in sequence
as: 2,0, 2,2, 2.4, ... 8.0, 3.1, 3.2, ... 40,41, 4.2, ... % 8,
9.9, 10.0." Call attention e the fact that in this sequence the right
index 15 read az 10, ot 1.
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2.22 Now tell the students to move the hairline back o the left index
and start aver, but this time they are o read the ledt index as 10
Have them read the secondary graduations aloud in sequence, as: "LI,
12, 13, .., 20, 21, 22, .., 90, 31, 32, ... 0B, 90, 100." Also write
thiz sequence of numerals on the chalkboard directly under the others
(e, 1.1, 1.8,

2.23 Hepeat the evcle with the numerals: 7110, 120, 130, ... 200,
210, 220, ... 300, 314, 320, ... 0BO, 980, 1000." Ask the students to
study these seguences, and draw cut for them the seneralization that
for each graduation the sequence of digits in the numeral is the - sarne,
but the pesition of the decimal point is changed. o

2.3 The tertlary graduations

2.31 Bome teachers may wanl 1o defer teaching the students how to
read the third digit unti] alter some work has been done on multiplicg-
Lion. This is 2 good plan because it gels the student "right into it"
quickly. Howewver, there are also advantapes in going on immediately
to further study of the scales, We assume at this point that the grad-
vation scheme is that customary on 10-inch slide rules,

2.32 Have the students start by placing the hairline over the mark
for 114.  Call attention to the short graduations between secondary 1"
and secondary 2", Have these read aloud in 2equence as: 111, 112,
113, ... 118, 120." Continee with: "1231, 122, 123, __. 129, 130,
196, 199, 200,

2. 33 Wow start back again at the left index, reading it as ''100, "
Warn the students that the next reading is "tricky," znd help them sec
that the seguence is: 101, 102, 103, ... 1049, 110.™

Move now to primary 2", and call attention to the fact that therc
are only five spaces between it and the next secondary geaduation. Tell
the students they can now "count by baos, " reading the graduations in
sequence as: U302, 204, 306, 208, 210, 212, ... IPG, 388, 400.7

100 o |!| gt apy é||| i |||-|||;|| [ibiifii ||||||||||l||||| e

LEFT IMDEX
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Figure &

2. 34 MNow have the students start back at 2, and tell them to place
the hairline about halfway between the mark for primarcy 2 and the next
mark, Tell them this position is read as "201. " Move the cursar
between 230237 and 7204, " and read 7203, Continue to read the grad-
valions for odd numbers up to 3049,

Some sample readings are shown in Figure 5.

121 blF 1G4 13% A7 457 & FAF
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2.353 A major psychelogieal difflculty may arise at this point. Some
students may be disturbed because they Fecl they canoct place the hair-
line precizely where it "should e, ™ They besome unduly concerned
about error. AL this time they are not quite ready lor a fully satisly-
ing discussion of this problem, IT s best slmply 10 point owt that with
practice they will learn to estimate with adeguate precision where the
hairline should be, For the present, thew should try w place it just
glightly to the right of the midpeint of the interval between {fwoe grad-
wations. Paoint out that engineers, sclentists, and others wse slide
rules regularly and find the accuracy adequate for much of their work. t
I time permits, the students should learn the basic principles of
approximate computation. Some of the essentials will e discusseod
later in this teaching guide.

2_36 Next, have the students observe that to the right of primary
4" there is anly one subdivision between each secondary graduation,
Tell the sudents to read the graduations "oy {ives, ™ thus: 405, 410,
415, .., 506, 510, 515, ... 605, 610, 615, ... 995, 1000,

Between these graduations the students must estimate. Have them
start at 400 and move the hairline slightly to show where 401 should

be, then move again to 403, 403, 404, and thus arrive at 405, Continue
in this way unlil they fain some confidence in "splitting' the interval.
Point out, for example, that 413 will be nearer 415 than 410, znd 414
will b very close to 415,

2.37 Finally, by returning once more to the left-hand index, ex-
plain how a fourth digit can be read in the interval between primary 1"
and primary "2, Begin, for example, at 136, which can be located at
a graduation. By splilting the next interval in half, show where 1365 is
located, Continue with similar cxamples,

2,38 At this point the students should be given some practice in
reading the Cand D scales. The large demonstrator rule may be used
1o give them settings to read, and they should each write the numerals
on paper,  They should also make settings that correspond bo given
numbers, Prolonged practice is not wise, however. The most effective @
practice comes with actual computation, where the correct answer
scrves as a check on the settings.




Helping students understand the basic principles

Scales for addition

Some teachors may wish to defer instruction on the basic principles
until after the students have made more progress in learning to compuece
with the slide rule,  Those leachers may fturn at once to Section IT1
This sectlon may e omitted enticely if only & limited amount

nf time is available, I, bewever, understanding of principles

iz & majer abjective [as it should rightiully bel,

time should be found [or learning aclivities of the type described here,

Tell the students that the ordinary slide rule is vsed to meeltdply and
divide opumbers, and to do many other more complicated computations,
Explain that they will understand better how it works 11 they take 2 few
minutes to see how a slide rule for addition can be made.

1.

1,1 Demind the students that they have used a [oob-rule many limes
to measure lengths, Demonstrate how two foot-rules, X and ¥, can be
yaed {(ogether (o add numbers.,

Faor example, in Figure 6 the 0 of Bule X is placed opposite 3 of
Tule ¥, Under 4 of Rule X you see T of Rule ¥, Used in this way,

i 3l-' 4l.'
‘ ! o S b
| 5 |
I :{l i 1 : |? L ] & 7 & k. 10 1 i"}
| | | P |
N U T T N A ST e
N I | BER | T
e i ! |
“ l z 3 L 5 & 7 B ¢ 1 | |?}||
=t R e}
Figure &
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Figure T

theae rules provide 2 mechanical way of showing that 3 - ¢ =7, At the
same lime, Figure § shows that 3 + 5 = B, and other sums.  Also, by
5liding Rule X alang Rule ¥, the 0 mark of Rule X canbe placed oppesite
any mark on Bule ¥, The two rulers vsed together become 3 slide rule
[or simple addition.

1.2 Print out thal the marks (or "graduations' and mumerals on &
foal-rule are an example of g seale, and that the foot-role is a uniform
scale. Have the students themselves demonstrate addition using twe
ardinary foot-roles, or twe unilorm scales draws on paper.

Explain that foot-rules are not often vsed to add as in Figore § be-
cause the soales are shart.  Only the numbers from O o 12 ape repre-
sented. Facts suchas 3+ 4 = 7 are easy to remember, and ne ane
feeds a mechanical device to do such simple examples.  Also, have
therm notice that the example 3 + 11 canses trauble because the numeral
11 on the X scale is on the part that extends beyond the ¥ scale. There
iz no numetral 14 oo a foob-pole.

1.3 Next, demanstrate how examples such ag 3 + 11 = 14 and 18 + 17
= 35 can be done mechanically by using two yardsticks. The scale on &
vardstick reads from 0 to 36, lHowever, an example, such as 18 + a7,
tauses troyble wecause the sum, 49, is not on the seale of a yardstick.
Bring out through questioning that by using two longer scales this
example can be done. Help students see that any addition cxample can
be dore by using scales that are long enouzh, but very lang scales would
not be convenient to carry around or use. To be convenient, a slide
rule scale should not be much mere than about 10 inches in length,

1.4 MNow call attention ba the fact that the scale on a foot-rule has
marks to represent fractions, Usually the marks show eighths, Tt
somelimes sixteenths and even finer subdivisions are made. By using
these marks, demonstrate how Dxampli-*E qu-:h a8

:] d

25+ 075~ 81
can be dune easily wilh sliding foot- rulea Finallgr, demanstrate how
marks to represent decimal fractions, such as tenths, can also be used,
a8 shown on the bottom scale of Figurr: T. By using ng scales graduated
in tenths, show how examples such as 2.5 + 6.0 - 9.2 pan eagily be done.
Help students see, Iowever, that graduations to show hundredths would
be o) cloge together Lo read without a magnifier.

1.5 If "meter sticks" are available, as they usually are in selence
laboratories, have the students demenstrate addition of numbers

‘I|I]I|I‘[|I‘l||

1.5 5 3.5
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Scales
for multiplication

expressed o tenths and to hundredths by means of two adjacenl meter
sticks.

1,6 Tell the students they will learn how the ordinary slide rule over-
comes the kinds of difficulties menticoned abowve, The difficulties arizc
because the seales must e short., W the scales could be as long 45 we
pleased some things would be easicr, but a5 a mechanical device Lhe
alide rule would not be the very convenient tool it now is.

3.

2.1 BEemind the students again that the scale of a [oot-role is uniform.
The numerals &, 1, 2, 3, ete,, represent conseculive integers (sorme-
times called “whole numbers™), Omn a foot-rule, the distance between
twe graduations which represent consecutive integers is always one
inch (see scale L of Figure B8}, Have them make & non-uniform scale
by putting marks on a line at intervals of 1 inch and by labeling the
graduations as is done in scale D of Figure 8. The graduation labeled
0 on Lois labeled § on I the mark labeled L on Lois labeled 10 on T
the mark labeled 2 on L is labeled 100 op I ete,  Tell the students that
the marks for 2, 3, 4, ete., to 9 which woeuld be between 1 and 10 on
scale D need not be skown {see Figure B}, Also, the subdivision marks
for 11, 12, 13, ete., to 99 which would be between 170 and §00 are not
1o be shown either, These 88 spbdivision marks would have to e put
in the same length {1 inch) as the § marks betweon 1 and 10, They
would, therefore, be much eloser together than they are on scale L.

Figure 8
| 1 2 3 4 5 &
L | s
o} | -
1 110 140 1310 10,0100 100,200 1,000,000
1= 10 ]G3 L+l [ Evld 10 10

Similarly, the %9 subdivision marks for integers between 100 and
1000 are nol Lo be shown (3ee Figure B). These marks would be very
much closer together than those with the same numerals would be on
seale L. The graduations get morve and more crowded as the numbers
get larger. Tell the students scale I is 3 non-uniform scale, and this
particular non-uniform scale i3 called & logarithmic scale,

2,2 Explain that these scales may be extended indefinitely, The
only thing that limits the range is the amount of paper or other material
¥ou can use to put the graduations and mumerals on. K ¥ow had a strip
of paper a mile long, the range of scale L could be from O to 63, 360.
The corresponding numbers represented on scale D would then range
from 1 te an enormous number. This nwmber would have 63, 361 digits

The basic principles 11
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Flgure ¢

Showing how
short scales
can be used

or ligures in its numeral, and it would require & strip af paper abouk
A4l feet long on which 1o type just this last numeral. Some idea of the
Size Of this number is gained by remembering that it requires only ten
digits to write "one billion" ar 1, 000,000, 000, Tell the students that a
slide rule which has btwe logarithmic scales (like scale D af Figure B}
can be used to mulliply one number by another,  Explain, for example,
now o find 24 x 380, Use a drawing like Figure 9 on the board. Ex-
plain that you would place the mark for 1 on one of the scales (labeled C
in Iigure 9 over the mark for 24 on the olher seale,  Theo o would
ook for the mark at 360 on scale . On scale D right under it you would
find the angwear 9, 180,

2.3 Asa gummary, make clear that two legarithmie geales, o usod
just as the fool-rules were for addition, will provide the answers for
mrultiplication examples, If the scales are long cnough, the ACCULACY
will be very great, and the position of the declimal point in the answer
numeral can be seen, However, to be practieal the ceales must he

short--ohly about 10 inches or less in length, Also, many of the sub-
divigiot graduations (such as for 24 and 38 in Figure 9) cannot be showm,
50 the user must learn to estimate where they would be.

3,

3.1 Help the students recall that if we want te measure a distance of
several feet, but have only a foot-rule, we measure by using the same
seale over and over agaln, That is, we put the scale down and make a
tark to show the {irst 12 inches, then slide the seale along and use it
again. We repeat this ag many times as necessary, In this way we can
measure as much length as we wish with only a foot-rule, but we must
count and keep lrack or remember how many times the scale was vsed,
If necessary, demonstrate this by measuring 3 length of 3 or mare feet
with a fogt-rule.

3.2 Then point cut that, similarly, if we want to multiply any two
numbers by using logarithmic scales, we can do it with short seales that
show only the numerals from 1 to 10, but we must then keep track of the
decimal point by some other scheme. In reality, we use the same single

section or piece of scale over and over again. When we do this, we in-
terpret the lefe-hand index as 1, or as 10, or as 100, or as 0.1, or a5
(41, ete. ., depending upon the number we are setting., Similarly,
primary "2 may represent 2, or 20, or 200, or 0.2, or 0. 0%, or any



number whose numeral has the sequence of digits below:
-, QO0020000, | |
We disregard the location of the decimal point in the numeral,

3.3 For example, consider agaln the problem of finding 24 x 380 by
by using the C and Dy scales of an ordinary slide rule. First, the left-
hand index of the O scale is set over 24 on Lhe D scale.  In this case the
D scale represents the section between 10 and LM of the complete
lngarithmic seale,  The numeral "2 on the scale represents 20, and the
numeral "3 represents 3, The fourth secondary subdivision hetweaan
M2 and "3 represents 24,

Mexi, the hairling of the cursor is set over 3B on the O scale. Tn this
case the O seale represents the sectlion between 100 and 1000 af the
complete logarithmic scale.

Help the students sce that when the setting is made and read in this
way it is the same as putting down the © scale once and saying "en,
then putting it down spain and saying "one hundred, ™ and then going on to
280 {seo Fipure 91, We are now in the scction for "hundreds." The
nurneral "3 represents 300, and the nurperal Y47 represents 400, The
eighth secondary subdivieion between 3" and "4 represents SB0,

Mowr when these settings are made on an ordinary slide rale, the hair-
line of the cursor will be just to the right of the numeral % of the I scale,
Singe we started at 24 of the D scale, we might think this should repre-
sent 90, However, becauwse two lenpths of © scale were used in reaching
the "hundreds, ™ these two lengths must also be accounted for oo the D
scale. The numeral 9 negar the hairline must now be read as S0 (=es
Figure 9. This example shows how a single scetion of the loparithmic
goales can be used to get the answers 1f we know how to interpret the
nutnerals.

Tell the students that in slide rule computation the decimal point in the
answer is always found mentally or by some auxiliary method. Several
guch methods are discussed in a later section.

The bazic principles 13



Teaching multiplication and division

14

Multiplicotion with
tha € and D scales

1.

The best procedure is 1o work out a few examples with the class (using
the demonstrator siide rule) and then help the students generalize by
formulating a "rule™ such as is given in any manual on slide rule opera-
tion., The first examples should call for the left index of C, and the
result should be readable on D and not be "off =scale. " The following are
illustrative: 19.5x 4.1, 2,42 x 296, 121 x 65, J.81 x 2. 14.

1.1 The first basic idea is that in using the ordinary C and D scales,
decimal points in the numerals are ignoved. * Thus, 234, 23. 4,
0.0234, and every number with this sequence of digits is treated as 234,
Remind the ¢lass that this is also customary in ordinary multiplication
with paper and pendéil.

1.2 The second basic idea the students should have ig that multiplica-
tion by slide rule is accaomplished by adding two seale leagths and read-
ing the result on the I seale. (M the sugpestions in Section I, parts 1
and 2, have been followed, the students will already know this, If the
suggestions in part 3 have aleo bheen uged, the students will understand
it still better. )

1.3 The third basic idea is that the location of the decimal point in
the answer is an "extra step,™ just as it iz in paper and pencil work. In

* I *powera of ten™ or “decimal keeper® seales are wsed this slatement 15 ool
true. Sec Section 6.



* daing the first few examples, have the students estimate the result by
rounding off the numbers and using mental computation,  Bncoucage
them to rake this a habit and use il whenever possible in computation.
The example 19,9 x 4.1 can be rounded to 20 x 4. The students should
see the regult is near 30 Tell them they will learn o "scientific™
method of locating the decimal point in & later lesson.

1.4 The fourth basic idea is that if the result falls outside the D scale,
the pther index of the O seale should e used.  Give the students an
example such as 28,3 x 5, 46, and have them set the lefl index of © over
282 on D They will find that they cannot move the hairline over 596 of
Lhe C scale, The result is "ofl the D zeale, " Now have Lhe students set
the right-hand index of Cover 28,3 of D and firish the caleulation in the
usual way., Make sure they understand that by using ooe index or the
pther, the result will always be on the D scale,

2. Plece hairling
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1.% I convenient, show the {ilm The Slide Rule I (€ and D scales),
1 reel, 16 mm., sound, 24 minutes. B & W._ Castle,

L. % Assign examples for practice, and give individual help to students
wha need it,

Divisien using z.
the C and D scales First, be sure the students understand that divislon is the inverse
aperation of multiplication. Have them set the slide rule o show 2 x 4 =
&. Polat out that we start at 2 on the D seale, then move b 4 on the C
gcale, and find the answer 8 under 4 on the D scale. Have them notice
that by reversing these steps we can divide § by 4 and get the result 2.

. I, Ser divisee 14) an C szole
Figure 11 avir dividand (8] on D scele

. | il i g Dottt arodend it Ll Lot
“ ||1||l|] ITIT|'E i T.Til‘l‘“H'P |II 'IIHiun,.l“||||'i||!j||1|HH‘l‘|Ti‘H%ﬁ'H€HTU'|IIT.J L|I|!T|]|J,]|"J| i "1IW[I|I [J:m-. AT I:l,l.”:ullglmfllll IDI !
1 Ruad result 12 an D solhe /
weder el ivdex 28 O spale
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Cemhbined
operations using
the € und D scoles

2.1 Point oul that the basic idea in dividing by slide rule is to
subtract the length for the divisor from the length for the dividensd and
read the rasult en Lhe T scale,

2.2 Zecond, Lell the students Lhat decimal poinls are to be lgnored in
fiaking the settings and that the location of the decimal point is an extra
slep.  Have therm locate the point by estimating,

2.3 Third, help the students see that in division the result is never
Moff eale. " Work out examples unlil most of the students feal confident
thal they can practice independently.

3
T secure more praclice immedigtely and o give students an in-
creased sense of the convenience and power of the slide rule, many
teachers will want to teach how to do "combined sperations” belore
systematic methods of locating the declhnal point are intradueed,
3.1 Best results will be obtained by beginning with examples like
42 x AT
ns
First tell the students it is easlest to divide and multiply alternately.
Thug, in the oxample above we should divide 42 by 65 and then multipiy
lhe result by 37, Help them to see thatl this means we set (i . , move)
the slide znd the curser alternately, and that we do not read inter-
mediate resuelts, bul only the final answer.
3.2 Second, help the students work vut several examples in which
there are moere factors; for example:
5.17Tx 1.25 x 9.33
4.3 x 6.7
Chaose Lhese so there is one more factor in the numeratar than in the
denominetor,
3,1 Third, use an example such as:
LT2x2. 46 %431
2.898 .
In this example we would set the slide 80 372 of C is over 298 of I, then
mave the hairline over 3. 46 of ©. The resull thus far is an D under the
mnivline, but we still must multiply by 4. 31, To do this we move the
slide 50 1 of the C seale is wnder the hairling, then move the hairline
aver 4. 31 of C, and read the final result on D, Show the students that
if desired they may write in the factor 1 in the denominator to abtain
T2 x 2 48w 4,31
o 2.08x1
and this may help them te remember the seltings by emphasizing Lhe
alternate "slide-hatrline-slide, ™ ete, | movements.
3.4 Finally, show how an example such as 52 x 1,66 x 8. % can be
done by the same principle if we write {(or think)
32 x1.65 x B L8 .
Il x1
and again rely on the general princlple discussed above.

E
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Halping students
accapt
approximations
to numbers

Teaching students about approximations

Students in a madern program of mathematical instruction
should learn the ideas in this section as part of their regular work,
0 they have learned these ideas before work in slide rule 15 introduced,

thiz soction may be omitted. T the students da not already have those ideas

instraciion in them in cononection with the slide rale

iz not only necessary but also is especially effective,

1.

Many students are reluctant to accept the approxitnativencss inherent
in much scientific work, They necd to give special attention to the
basic ideas Involved,

1.1 Explain to the students that much scientific work and other ap-
plications of mathematics involve measurement of some kind. Remind
them that measurement Involves error aot because of careleseness, but
becavse of Yimitations of the measuring instrument. Remind them also
that we can refine our instrements so our results are more precise and
more avcurate, bet we still will have to accept small errors.

1.2 Tel the students that in slide rule work we are interested in the
acouracy of cur results, and that this is indicated by the mumber of
significant digits we have in the numeral. For example, 704.05 has
five signiflcant digits. Bxplain that digits cther than 0 are always
counted as slgniflcant, but somelimes 0 is significant and sometimes
it iz not, A O between twe other digits is alvways sipnificant. When the
number is less than 1, as for example, B 00508, the two zeros bebween
the decimal point and [irst non-zero digit are not significant. In a
rmumeral such as 50800, the two zeros at the right of the 6 may or may
not be significant. However, they are usnally counted as nod sipnificant
unless there is reason to believe they are significant. For example, a
precise Instrument might, in general, give four figures. In that case,
we milght know that the underlined figures in 50800 are significant but
the last zero 1s not.

Teaching approximations 17
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These ideas should be learoed by students in their mathematics
courses whether or not they study slide rules. Give students practice
in counting significant figures.

1.3 BExplain thal we use approximations to mumbers in mahy cases
even when no measurement iz involved. For example, we use 3, 14 far

T, and we use 1414 far the square roat of 2.

1.4 Tell students that in much scientific and englneering work re-
gults that are zecurate to three slgnificant figures are commanly
accepted, at least in preliminary calowlations,  Bembnd them that this
accuracy is obtainable with the slide rale--that 1s one reasan it is so
popular, and is taken everywhere as 1 sort of symbal for englineers
and scicntists,

1.2 DExplain thal wrhen one number that is an approximation is
uleiplied or divided Dy another, the resull is oo more acourate than
the least accurate of the towo numbers. In a paper-and-pencil caloula-
tion of 3. 82 » G, 28 the result, 24. 0275, has six digits, but only the
firzt three, namely 24, 0, are 10 e laken as significant. The slide rule
gives these three signlficant figures quickly and with no wasted wark.
Have them multiply out same examples wsing first paper and pencil,
then the slide rule, and compare Lthe teo methads.

L. G T timme permits, do a few examples such as the following, As-

sume Dwo measurements 1o the nearest ineh are 26 inches and 34 inches,

I new megsurements precise Lo the nearest tenth of an inch were taken,
help the students see that the results might be as large as 26. 5 and
4.5, or as small as 286, 5 and 33.5. Have the students multiply, by
paper and pencil, 26 x 34 to get 384; then 26, 5 x 3¢, 5 to get 914 25;
then 25.5 x 33.5 to get 854,25, Then poinl out the original measure-
ments were correct to two significant fipures. The result should be
pxpressed as BB, This comes between 910 and B50, which are the
routded values of the two extreme vahies found above. Then show that
the glide rule will also give E30.

b.



Preliminary
comments

Teaching “scientific notation”

Stedents In a modern program of mathematical instruction

should learn the deas in this section as part of their regular work.

If they have learned these ldeas before work in slide rule iz inlroduced,

thiz zection may he omitted. I the students do not already have these ideas,
ipstruetion in them in conrection with the slide rule

iz not only necessary ot also is especially effecclve

1.

The location of the decimal point in the final resull has always been
a serbous difficulty in slide rmale caleulaticn. Many special methods
have been devised, and some of these are explained in most hooks ar
manugls on the slide ruke.  Most of the special methods involve rules
ard auxillary calouwlations that are different to learn, remember, and
use, In fact, they are a poor substitute for the one basic ar fundamental
tnethod, which uses the "seientifie notation” for numbers, In this
notation any real number is expressed, at least approximately, in a
standard form.

The widespread wse of this notation in the modern, scientific world
sugpests that all students ought to understand this notation. T is there-
fore foolish to waste time teaching most of the special "rules™ for
locating the decimal point.

The method of estimating the answer and locating the point is an ex-
ception, and should be taught, Actually, this method amounts to the

mental uze of the basic scientific notation. Unfortunately, in some

examples, particularly tboge involving very large and very small num-
bers, the estimation becomes guite difficult, and far confidence in the
result one must fall back on the basic method.

An effective and simple slide rule methed of locating the decimal point
has recently hecome available, It will give answers in the range 10-10
to 10 IDJ te one o two sipnificant fipures. However, for results more
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the meaning
ond value

of exponential

notation

accurate, ar outside the range indicated, one must again fall back on
the basic method.

For these reasons ihstruction should he given in high school an the
uge of "sclentific notation, ™ In the case of at least some of the brighter
students this work can begin as early as the seventh grade. An under-
standing of "'scientific notatlon™ depends upon knowledge of exponents.

2.
2.1 Introduce simple examples involving products of the =ame factor,
A good example follows,
Murmber of parents vou have is 2.
Mumber of grandparents is 2x2 = 4.
Number of great-grandparents is 2x2x% = 8.
In table [orm:

Mumber of Generations Back Number of Ancestors
1 2 =2
2 2x2 =4
3 Sxlad =8
4 AxExdal - 16
) BaZxZuix® o 3D
L 2xZx2x2x2x2 = 64

2.2 Introduce expenent notation a8 2 short way of writing products of
the same factor; thus, write 27 instead of ZxZxIx2x2.

2.3 Define terms: ¢.g., 2 is called the hase; § is ealled the
exponent; 32, or 2 5, iz called the power. T

2.4 Uze as an example the anecdote about the anclenl morarch who
wanted to reward the inventor of the pame of chess and promised to give
him anything he asked. The lnventor said he had a very simple request,
He wanted one kernel of wheat for the first square on the chesshoard,
two kernels for the seeond squatre, four kernels for the third square,
¢tc. Write an expression for the number of graine in the 64th square.
{Answer: 2133, or 2x2x2xZ, cle., to B3 fackors)

2.5 Use an example with 10 as 3 base, Have the class prepare a
table as follows:

e

Power in
Exponent  Factors Written Out Exponent Marme of Mumber

Maotatlon

1 10 10l "ten™

2 1010 102 "one hundred't

3 10x10x10 'll:I3 "ane thowsapd"

4 10x10x10:10 104 "ten thousand"

& 10x10x10xE0x10 lIZI-Er "ome hundred thowesand™

fi 1051031 01 Ol Oe 1 0 10% “one million"

2.6 Summarize te bring out: {3) bhow exponents make it easy to
write powers of ten; (b the exponent tells the number of times that 10

i'“"

w



Teaching how
o write numhbers

in "standard ferm®
or "scientific
notatian®™

is used as a factor; {E} for powers af ten the exponent is found by
counting the number of zerns in the repeated factor.

2.7 Assipn examples for practice. The iollpwing are typical of what
YOl TRV USe,

Write in exponential notation:

(@) dxdad {¢)  BuhxfixGxbadxd
(b]  3x3xd () 10x10x10x10x10x10x10
Write the following in the wsual waw:
@ 5% (o) 35 {e) 104
m 108 () 4° M e
3.

3.1 Tell the students that every number, ar at least an approximation
b it, can be written in one "standard form." In this form the decimal
point in the oumeral is written to the right of the first digit, and then a
factor which is a power of 10 is written. Wark out examples such as
the following:

{a) 254 =254 x100 = 2. 54 x 102

{b) 683,000 = 6.83 x 100,000 - 6. 83 x 109

3,2 Explain the advantages of thiz way of writing the pumerals for
numbers, Amaong these advantages are the [ollowing:

3.21 In many eases it s shorter. Thes, 2.3 x 10 13-

2%, 000, 000, 000, 000, In sclentilic work the numbers sometimes arc
very large or very small,

3,22 When numbers are expreseed in this form and then mulliplied or
divided, <fc., the location of the decimal point in the answer is
simplified.

3. 23 This form makes elear just how acourate an approximation one
is dealing with, Thus, we zay that 4. 82 iz "accurate to three sip-
nificant fipures. " If we see the numeral 488, 000, we cannot be sure we
have six sipnificant figures. It is more likely that we still have anly
three slgniflcant [igures. To show this we can write 4,62 x 10% instead
of 4E2 0}, H we actually have six significant figures, we should write
4. B2000 x 109, If we have four significant Hgures, we should write
4 820 x 10¥. A recent estimate of the ape of the solar system is
4, 950, 000, 000 or 4. 95 x 109 years, This approximation is certainly
not accurate beyond three significant figures, Help the students see
that this way of showing the accuracy of the result is important in
careful acientific work.

3.3 Explain how to write numerals in "selentilie notation, ™ The
easlest method is as follows:

{a) Wrlte the slgnificant digits, a "times" sign (x), and a 10.

(b)  Place a decimal point at the right of the first {(counted from the

left] non-zero digit,

{) Start at the right of {irst non-zero digit in the origlnal numeral

and count the "places'==thhat is, the digits and Zeros passod
over--in reaching the decimal point. The resull of the count iz

Treaching "scientific notation™ 21




Teaching how to use
“seientific notation’”
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to locate
the dacimal point
in multiplication

the absalute, or "numerical," value of the exponent.  If the
eount to the original decimal point moves toward the right, the
expunent is positive {+), If the count moves toward the left, the
exponent is negatlve (-}, Write in the proper symbal for the
axponcenl of 140,

For exatnple, take 5,790,000, First, write 5.79 x L0, Mext, start
betwsen the & and the 7 and count [teward the right] the six "places. "
Write the 6 {0 indicate the power of 10.

For 4000283, {irst write 2, B3 x 10. Now start botween the 2 and
the 3 and eount {toward the left) the four "places. " The final result is,
then, 2,83 x 10°%

3.4 Show students how to chanpge a numeral from standard form to
urdinary form by reversing the above process. Thus, to express
4,68 x 10% in ardinary form write 488 and then supply zero symbols until
there are & places to the right of the 4 the resualt is 468, 000,

To express £ 93 » 10 -3 in ordinary form write B3 and then supply
zery symbels to the left of the 3 until there are 3 places, including
Ehe £; the reselt ig 0, 00393,

2. % Provide an adeguate supply of examples for practice.

4,

The use of "scientifie notation” to locate the decimal paint requires
the ability to multiply and divide powers of ten. If students already
know the "laws of exponents” and how to caleulate with the lntepers
{that is, positive and negative numbers and zero), the use of this
knewledge in locating the decimal points should be merely a highly
valid application. If they do not have this kmowledge, they must
acquire it either fermally or Informally. We will assume here that
the students do not have this knowledge and that it iz to be taught in-
formally. II the teacher wishes, and time permits, a more formal
approach of the type found In algebra textbooks may be used. This
will, however, be somewhat of a digression i Injected in 4 unit on the
slide rule.

4.1 Begin by giving examples guch as 17,400,000 x 248, 000, Point
put that if done in the usual way a good many zeros must be written,
Have the students express the product in seientific notation

1.74 x 107 x 2. 48 x 109,
Hemind them that in multiplication the result does not depend on the
arder in which the factors are taken. Have them multiply 1,74 x-2. 49
of the slide rule te get 4. 32, Now polnt out that in 107 and 109
together they will have 10 as a factor 7+ 5 or 12 times. Thus, the
result 1s 4. 532 x 1012 Have them write this cut in ordinary notation by
counting 12 places to the right from the 4.

4. 2 Mext, wae oxamples such as 17, 400, 000 x 0. 0000248, This
example may be written in the form 1.74 x 107 ¥ 248 x 1077, Point
oul that if they write out the angwer in ordinary form, they could do
Itin two steps,  First, they wouwld count 7 places to the right from the
4in 4.32. Then, because of the ]JII'E'r they should count § plares



back to the left. They should see that this will bring them just two
places to the right of the 4, 0 the result is 4,32 ® 102 or 432,

Dy several examples this way until the students Begln to see that
a4 shorter method is to subtraet 5 from 7; that §s, to fnd 7 - 5 = &,
and then count just fwo places to the right.

4.3 Help the students o generalize the procedure, Glve examples
such asg:

17, 400, 000 x 0. 000, Q00 008, 45

1.74 x 10" 2 48 x 10-9,

They should see that the counting process will take them fwo places to
the lelt of the decimal point in 4. 32; thal is, the result should be

4,32 % 10-2 or 0.0432. I necessary, use a 'nuober line” labeled as
in the figure below to help them viswalize this. Show that 1 they

LY
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1

start at 0 and count 7 places te the right, then couwnt back ¥ places,
they will end up at -2, or 2 places (o the Lleft of 0,

4,4 {Continue this informal use of "signed numbers" by using

examples, such as:

0. 000,174 x 9, 002, 48

1.74x107% x 3, 48 x 10-1

The students should see that the count pow will take them 7 plai:EH_tn
the left of the decimal point in the 4. 32, The result is 4,32 x 1077,
which 1z 0,000, 000, 432,

4.5 Show students the meaning of situations such as 4. 38 x 109 x 1079,
Popint out that this indicates that cne should count 3 places to the
right, then count back 3 places to the left. Thus, one arrives at the
place where he started, Observe that 3 - 3= 0, =0 the example can be
written 4. 32 x 10%.  The 0 can be Interpreted as calling for no counting
gither way, In effect, one "stays put,™ or "stands still, © The result,
then, is 4, 32.

Tell the students that mathematicians have agreed to interpret 10¢
as 1, since the product of 1 and any factor is just thal factoer.

4.6 Finally, show the students how to adjust the powers of ten In
cases where the product of the non-exponential facters is 10 or more.
For example, consider:

6.28 x 105 x 4,32 x 107 = 8.28 x 4. 32 x 107,
Here G.2Ex 4. 32 =371, or 2.71 x 101, Because of this "extra™
factor, the result is 2.71 x 108,

4.7 Give adequate practice. Remember that this ability 13 impor-
tant in ite own right, and should be learned even if students are not
expecting to use it in slide rule work,

ar
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2.1 Begin by giving an example suech as:
4,320, 000, 000, 000 = 248, 000,
llave students write this in the form
4.32 x 1012 1 74 x 1012
2,48 x 105 105
and divide by using the slide rule. The students must nexl learn to
et a single power of ten in the numerator. I they know how to divigde
gxponentials, this is oo problem, We assume Lhey do not, and continee
with less formal but meaningful methads,
7.2 Help the students recall that in 3 division example both "terms"
(i, e,, dividend and divisor) may be multlplicd or divided by the same
number without changing the guotient. Use examples such as the

following:

12 _, 12=x10 120 12710 1.2,
3 7 %x10 30 Y aric Uy
48 _8x100 -13-5-1_.:]9_3

 Bx 100 ' 6+ 100
9.3 Returning to the example (sec 15.1)
1. 74 x 1012
105
bring out that we would like the divisor to be 1, and can accomplish
this by multiplying both dividend and divisor by 10'5; in ather words,
we “epunt back™ & places n each. The result is 1.74 x 107, Tnter-
mediate steps, namely
174 x 102 x 1075 1.74x107 _ 174 %107
107 x107% 109~ 1
can be written, but eventually and for speedy work this is usually un-
necessary. Help the students sce that this procedure of making the
divicor 1 is always possible.

f.
Use a few examples to show stwdents how to handle more complicated
gltuations, such as the followling:
3.65 x 109 x 4,81 x 1077
2.47 x 107 Tx2, 61 x102
By estimatlon, we see that the non-exponentlal factor will reduce to
about 3 or 0.75, and the exponentials boil down to 1072, By slide rule,
we then get 9, 794 x 10-2 = 7,84 x 1079 = 0, 00794,
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Using the “Powers-of-Ten” slide rule as a learning aid in

teaching exponential notation and decimal point location

=

This sectioh tmay be regarded in several ways.

Tt pravides an alternative approach to Tsceientific notation™

through the use of 2 special learning aid. At the same time,

it introduces the soundesl approach to a purely mechanical waw

of locating Lhe decimal paint that has vet heen devised,

If "Powers-of -Ten™ scales cannat be made available, o if time

is very limitled, this section may be amitted,

If "Powers-of-Ten™ seales are available, they may be used Lo introduce
the zlide rule and zolve problems.  This approach avoids

the usual difficulties of decimal point locatian at the autset,

However, accuracy of at most two significant fimures i obtalnalle,

The "Powers-of-Ten™ slide rule has non-uniform logarithmic scales
af the type shown in Figuere § on page 11, The range is 1010 4 1t
The primary graduations are uwnllormiy spaced, and represent powers
af ten.  The secondary graduations are mon-uniformly spaced. They
correapond o the prifmary gradualions on an ordinary C ar I gcale.
Thug, the DF and CF scales represent twenty repeated lengths of the
"opdinary" D or C scale as seen on the standard slide vule, but they
have becn greally reduced.  Looked at another way, the I scale of the
standard slide rule may be regarded as one small seciion of the TIF
scale which has been greatly enlarired.

W T T T TE T TSR T 1T = 0 =0T 1T hemr T 0 o ==re—1 71T T T
:I_II - ! Ir|.”||3!?l . i il L ) I II..

Figure 13
D* scole af "Pawars-of -Tan"
dede rula raprasants fwenty repeated lengta
of O wale of stondoerd slide ruls.

LA | [FULLLLLL .:" L -H‘-:I.l-r. Ll Wi T L'g | .e. ]

The "Powers-of -Ten" slide rule may be vsed io solve problems in a
simple way that takes account af the declmal polnt at all times, Tt
may also be used as a teaching aid to help students learn how to use
exponential notation and the standard [orm of nuwmerals,
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25

slide rula

1,
Begin by showing students how to multiply powers of ten,  Fur
expmple, show 102 & 164 as

."'_"l'_"i
10x10 x'm}numg‘w 102 x 109 = 10%.

e

Work through several other examples, but do not strive for "mastery™
at this point.

2,

Introduce the "Powers-of Ten'" slide rule as a mechanical device for
multiplying and dividing powers of ten.

2.1 Call atcention '[I::- numerals on the CF and I¥ scales o the right of
1, i.e. l':J1 l.P'E IP ] T

o, 1o, 1, 000.

2.2 To show 102 1':]3 = 11]5 have students proceed as follows:
Place 1 of C* aver 10° an D*, Under 10% of C* read 107 on D*.

Work cut similar examples with the slide rule, and check a few by
writing out factors of 19 as was done above,

2.3 Tell students that by learning to read the scales they can do any
mnultiplicatinn example casily, and the lacation of the decimal point in
lhe answer will be known immediately,

2.4 Teach students how to read the scales for settings between pri-
mary subdivislons., Use a large chart on the board, similar to the
chart below.

-'D': 100G
!' :::m:-'ii”"'- T IIIII TR iy, ""r-'.::".:-_-'.-”.:';-i;-.-ll_';-l:-”. ™ -
2w 1q" e 70 --| ‘—-1-3-:.'1'3’
1 & 18 ar 30 . 1 = 13 pr 500
4 =10 ——2 W 107 e 200

Have students mowve the hairline of the "Powers-of-Ten" slide rule to
the right from graduation to graduation and read values ps shown
alavae,

3
3.1 Begin with a {ew simple examples such a8 20 x 300 = &004,
Place 1 of TF over 20 an D* Under 300 of C* read 8000 on D



Intraducing
negative exponants

Also write out these factors and the product in cxponential or "powers
of ten® lorm as below:
20

geivy

A0
2x * J 102
Py
Ex3xTOx1 E‘,
or by changing the order of the factors, et l:'i:-:]I.'!l:jJ whicl is GOO0.

.2 Mext introduce examples such as 24 x 363,
Flace 1 of CF pver 24 on D*. (Mote: set 24 roughly between 20 and 30.)
Under 362 of O* read 8x10% or about BODO.
Write this out in sclentific notation as:
2.4 x 10 3, 62 x 108

Change arder E.L‘I x 3:.%'(}-;‘1'3 x 1103
Multiply out 5. 398 x 103, or H3BE.

1.3 Explain how the “Powers-of-Ten™ slide rule gives an approxi-
mation ([B000+] which serves as a check--especially for the decimal
point, which is automatically placed,

4.

4.1 Call attention to the portien of the D* zcale of the "Powers-of -
Ten" slide rule to the left of 1. Note powers are ll.fl'lJ iﬂ'EJ 1'5"3,
ete. Help students build a chart an the board as follows:

In scicntific

Mumbers . Fartors fotaLion
1, 000, 000 10:10x10x1 0xE0x1 0 1 x 100
100, 000 1022 0l 021 0x1 0 1x10¢
10, 000 101 026 e 1 0 1 x 10t
1, 000 10x10x10 1% 107
100 1010 L x 10%
10 10 1 x 10!
1 1 1 x 10
1 -1
.1 — 1 x 10
10 *
1
.01 L -2
™ 1 x10
1 -3
a0 —
1 10l 010 1x10
1
0 S S— -4
o1 10101 0x10 1x10
) _
. 00D, 01 -
’ 101 0ok 01 Ozl 0 1x14
1 -6
- 008, 401 1021 0x1 0Lz 1 0x1 0 1x19

Help students generallze that a negative exponent indicates division by a
power of 10,
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28

using exponents

4,2 Extend multiplicalion te include numbers which require negative
exponents when expressed in scientific notation. Use examples such as
109 x lﬂ_z. as follows: Place 1 on O* aver 109 an D%, Under 10-2 of O*
read 10F an D*,

4.3 Show how to find 109 x 1072 in two ways:

[itfl lIZI‘.~::1I]':-:1III‘.-:lUI:{H:l-mJ
bl 10% = 1000

1072 = .o

1wl 10, 00,

4.4 Practice multiplication oo the "Powers-of-Ten™ slide rule,
using examples, such as:
{a) 109 x 10-3 = 102 () 104 x 107 = 10-9
& 10735 10% = 10° @ 107% x 1072 = 1078
4.5 Extend to numbers in sclentific netalion, for example:
4x109x2 %1075 =8x 109 x 103
= B x 10-2
= (B
4.6 Explain how fo write numbers in scientific notation easily when
the exponent iz negative. For example, consider
0.000625 = 6. 25 x 1079,
Ag before, start at the right of the first significant digit (here &), and
count placesto the actual position of the point (here 4 places to the
left). IF the counl is Lo the left, the exponent is negative.
4.7 Salve problems, such as:
SUO06E23 w247
This can be written 6,23 x 1079 x 2, 47 x 10¢,
ar 623 % B.47 x 109 x 102,
.3x% 1071, or 0.5, approximately,
(Place 1 an C0* over 6 x 1074 on De.
Under 8% 102 on C* read 5.5 x 1071, ur 0.5 an D)
&,
9.1 Begin with simple examples, such as:
GO00 — 20, or
6 x10% - 2 x 10,
Write this in the form  6x 10 6x10x 10 x 10
2x 10 2 x 10
Diivide to get 3210 x 10 or 3 x 102 = 300,
5.2 Introduce division by “"Powers-of-Ten" slide rule. Use slhmple
examples, such as:
@ 107 = 10!
Over 109 on Iy place 101 on C*.
Head 1'3'2 on D under 1 on OF.
() 102 +1p -4
Over 104 on I place 10-% an C=.
Read 10% on D* under 1 on CF,
5.3 Remind the students of the inverse relation of division and

W



multiplication, showing how division iz just the opposite of multiplica-
tion as far as slide rule operation goes.

2,4 Mext consider more representative exarples sach as 62,3 -
0.00042. Set 4 x 10-% on C* over 62 {or 6. x 100 on D*. Under 1 on C*
read 1.5 x 107 {ar 150, 000} an Tv*,

0004 e
Flpure 15 4 x g
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& M1 1.5 = [t

2.8 Bummarize the procedure and help stuwdentls understand that the
procedure in setting with CF and D¥* 15 exactly the same as it is with
the  and Id seales.  However, the setting iz made in the portion of the
C* and D™ seales that corresponds to the actual magnitude of the number.
Thus, numbers between 10, 004 and 100, 000 are s&t in the section be-
tween 1'34 and 105. Mutmbers between 0. 0001 and 0. 001, such as
0, DODGE, are set in the portion between 109 and 10-3,

With care, seftings to two significant digits may be approximately
made. There is some loss of accuracy, but the decimal point in the
answer is obtained a,Lﬂ,{ELlh its first one or two significant figures,

5. & Have students work problems that involve combined operations,

Uzing the "Powers-of=-Ten' slide rule 29



Teaching students to use the A and B scales »

Helping students
become acquainted
with the A and B

scales

Thiz section may be deferred until after the O scale has been introduced.
One autharity sugrests teaching the use of the A and B scales

even hefore multiplication with the © and I scales has been taught,

The argument [or this is that linding square roots by ordinary arithmeric
is difficult, but by slide rule is cpsy.

Thus, an advantage of Lhe slide rule can be shoum effectively at the start,
On the other hand, the A and B scales are graduatesd differuntly

from the © and D scales, and other more serious difficullios

in reading scales are aleso met.

The students will undoubtedly have noticed the A and B scales and
may have asked about their use. Tell them these scales are used to H
find squares and sguare roots,

1.

1.1 Have Lhe students set the bairline vver 2 on D and read its
asquare, 4, on the A scale, Then move the hairline to 3 and read 9 on
A, Generalize to the rule that the square aof any number set on D may
be read on A, and conversely,

Have the students sel the hairline over 2 on A and read its square
ruot, 1.41, an D, Also, move the halrline to 3 on A and read ¥3, ar
1.732, on It Poinl out that finding square roots is easy when a slide
rule is used,

1.2 Help the sludents see that the A scale is similar to the I scale
but iz reduced in length so that there is an index at the midpelnt of
the seale,  Thus, if the lefi-hand index is read as 1, this middle index
may be read as 10, and the right-hand index will then he read as 100,
If the left index is read as 100, the middle index would be read as
100¢, and the right index as 10, 000,

The shorter sections make it necessary for the graduation system to
be altered.  Teach students to read the A and B scales using methods
similar En those sugpgested earlier for the C and D scales.

1.3 Tell the studenis that the A and B scales are useful in combined
cperaticns.  Use simple examples such as 8 % and 3 2 to illustrate the ﬂ’
principle. To find 2 3 have the stodents set 1 of C over 2 on I, then
move the hairline over 9 on B, and read the answer 6 on D, Show how



Helping students
maoke decisions
relating ta decimal
point location

this selling of the slide gives 8 times the aquarse raot of any number set
on B

Kext, vwse slmple examples such as 2 x 32 and 4 x T° to show how Lo
do examples of the [orm a x E_:nz. Have the sdents set 1 of B under 2 of
A, then move the hairline 1o 3 an &, They ean then read the answer 18
on A, Generalize Lhe procedure 5o they soo that when an index of I is
set under a on the A scale, and the haicrling is meved to b on the C
soale, the product EE can e read on the A scala,

2.

Cnoe the general deas are established by methods such as chose supg-
mested above, Epeuimenliun musl be given o reading the seples and
to decimal poinl location, especially in finding square roats. Two
methods are suggested,  First, help students see thit if 2 numeral has
an oild mumber of digits (as, for example, «, or OO, or 20,0000, the
selling o find the square root should be made on the lafc-hand section
of the A or B gcale.  IF the numeral has an even number of digits (as,
for example, 16, op 2600, o BOQ, 000}, the setting to find the square
ract should be made on the right-hand section of the A or B scale.

Figure 16
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2,1 The easziest way to approach this is to (hink of the numeral in
"pevieds" of 2 digits each, counting both ways from the decimal point,
For example, far the numeral 3820000, the separation 378300700
shows four periods. The one on the left has only one digit, and we
therefore have an odd number of digits in all. Hence, the left portion
of A would be used. There will be as many "places" to the left of Lhe
decimal point in the numeral {for the 3guare root as there are perisds
in the given numeral. In the ¢ase of the example, then, the square
root i5 1954,

On the other hand, in the case of fractions we can count the number
of zeras hetween the decimal point and the first significant digit.
Thus, 0, 00°02'6 has 3 such zeros, and so Lo find the sguare root 23
would e set an the left section of the & seale, The sguare root is
0, 01531, where one 0 must be inserted at the left of the first signif-
icant digit to locate the decimal point. This one @ corresponds to the

pertod 'L 00" i the glven numeral.
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However, the numeral 0000025 has 4 zerns, &0 the right-hand
seclion of the A scale is used. The sguare root is 0,005, in which
two placchelder symbols "M are used, one for each of the perinds in

the original numeral:
B.Q00025 = 0,005,

2,8 A more fundamental and more difficult approach uses the
powers=of=ten potalion,  Afler the numeral is written in standard
Torm, 1t must semetimes be adjusted so that the exponent is an even
mamber, Ta [nd the sguare root of 3, 320, 000 we write 3,82 x ll}ﬁ,
and we can fnd the sguare root of 3. 82 by using Lthe left section of
the A scale, The result, 1,954, is then multiplied by 1&3, in which
the exponent 3 is & -2, Thus, 3, 930,000 = 1,954 x 107 ar 1934, In
general, the cxponent must be divizible by 2.

Wow to find 382, 000 we first write 3. 88 x 107, However, thiz
must be rewrillen in the form 38,2 x 109, Mow  3E.2 is found by
using the right section of the A scale. Thus, one obtains 6. 18 x 11]2,
or GlE, as the result, Similarly, to find O 00025 we write 2.5 %
1'}_4_. and (using the left section) obtain L. 381 x 1-:_'|'EJ ar 0, 01561, But
b find 0. 000025 one must change 2.5 x 1079 4 25 x 1I:J'E', and obtain
fusing the right-hand section of the 4 seale} 5 x 10-3, ar 0, 005,

2.4 The readjustinent of the standard form described in 92,2 re-
quires thought and care. Students who are sufficiently advanced may
not find the method very difficult to understand and learn, but many
junioy high scheol students will find it far {rom easy. For them, and
in fact in most practical work, the data should normally be such that
the determination of which section of the seale to uze and the location
af the decimal point in the answer may usually be made by "common
sense’” gstimates. On the other hand, if sufficient time is available,
instruction In the adjustinent of the "scientific notation™ can readily be
justified for students who are at all likely {0 go on to scientific or
technologleal work of any kind.

The rather mechanical procedure will be batter understood if the
gtudents ¢xamine a table of squares and ohserve how the number of
digits in the square varies with the pumber of digits in the given
nemmber. Thus, "one-digit numbers” have squares of either one or two
digits: 3% = 9, but 4% = 16, In golng from a given number 0 its sguare
root, them, the "period” device is a gort of mechanical means of
indicating how many digite {or zeros to the left of the first significant
digit) there will be in the square root.

2.4 T convenient, show the filin Ttwe Slide Rule II (A and B Secales).
1 reel, 16 mm, , sound, 21 minutes. B & W, Castle.

2. % 0 "Pawers-of=-Ten" scales A% and B* are available, show the
students how they can e read for finding squares and square roots.
With these scales none of the usual difficulties in deciding whether the
beft-hand ar right-hand sections of the & and P seales are met. The
location of the decimal polnt is given by the scales. The range of A+
and B* is from 10720 g 1029,

W



Teaching students to use the K scale

In general, the suggestions given abave for the work in the & and B
scales may be adapted for teaching the K scale.  They will be outlined
very briefly here,

1, Help the students learn chat the K scale is usaed for cubes and
cube roots,  Have them nate it has 3 seclions, and &0 the left index is
read as 1, the others represent 19, then 199, and [inally 1000,

2. Help the students learn to read the scale,

3. Help students solve examples, sochas 3 13,-"? Some slide rules
place the K scale on the slide, I 2o, it is read against € Others
place the K scale on the body of the rule.  If so, il s read against D,
Muost slide rules have either ons ar the nther of these arranzoemoenls,
and this limits the flexilbility of operation. One madel has a K seale
on hoth slide and Lody, and this model has flexibility in combined
aperaticns with cubes and cube roots that is eomparable to the situa-
tion for squares and sguare roots,

. Teach some method of decimal point location very carefully,
Periods of three digits [or 2eros] can e counted off in a fashion
similar to that used for Square rools,

An adjustment of the standard farm can be made so chat the exponeant
iz divizible by 3. Thus, to flnti-.;’ 25700 we write 4, 57 x 10% = 45 7 x
10%, Use the middle section of K to ret 3008 x 10, or 32,8 [or the
result,

i, Throughout, emphasize that although the slide rele method of
finding cubes and cube roots may seem a little difficult at first, it is
very much easier o learn, remember, and usce than the fraditional
arithmetic methods.
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Teaching students to use the Cl scale

a4

The materizl diseussed in this section couwld be introduced much earliere
than its appearance in this cutline might sugpest.

However, beginnpers can easily become confused in using the CI scale.
For this reason i is best to defer teaching it until after the students
have mained some confidence Inouging the more basie scales.

In this scotion the paragraphs indicated by a star [e. g, 3*)

apply only afler Section VI has been Laught.

The students will undoubtedly have roticed the CT scale and may have
askod what it was used for. Tell them they will now learn what it is
used for and why il is very convenient to have on a slide rule,

1. FPirst, make sure the students see that the CI scale is like the
ordinary © scale except that the gpraduations and numerals are read
{ratmn ngt_Lt__lr:u_ left, instead of in the other direction, Hawve them move
the hairline along and read some of the graduations,

2. NMext, remind the ztudents of the meaning of the term reciprocal,
H they are not familiar with the term, tell them that twn numbers )
whoso product is 1 are called reciproeals; for example, 2 and 1/, or
Z2and 0.5, are reciprocals.  Call for other easy examples,

3. Have the students move the hairlineg over 2 an C and notice it is

automatically over .5 on €I, When if 1z over 4 on C, it is over . 25

on €1 Also have them read from CTte C. Be sure they understand
that the reciprocal of any number set oh © may e read on €I, and
conversely. Have them practice finding the reciprocal of a given
mimkber,

1. ¢ H"Powers-of-Ten™ slide rules are avallable, have the students
notice that C= and C* give reclprocals with decimal points located.
Thus, if the halrline 1z placed over the gradvation for 500 on CF, it
will also be over 2 x 1'3"3, or b, K3, oo O+,

4. MNext, give an example such as 2 + 3, Have the students notice
that when B on C is set over 2 on Ih, the slide "sticks out" rather far



to the left. Show them that this can be avoided by using the C1 scale,
That 15, have them notice that 2 = 8 = 0, 25 is the same as 2 x |:l}

0,25, Tn general, help them sec that 2 divided by b can be replaced
b a multiplied by 1. that is, by a multiplied by the reciprocal of b
Have them setlof ~C over 2 on D, Lhen move the hairline to 8 on CI
ard road 0. 2% on [, Call attention to the [acf that usually the slide
does not need to be moved so far be do an example this way.  Give an
ample set of examples for practice in 1he uge of the CI scale.

5. Have the students observe that 2 x & can be replaced by 2 = (1),
and, b use of similar examples, have them make the generaliza- 8
tion that 3 multiplied by b can be replaced by a divided by the
reciprocal of b, Have them set 1 of Cover 2 of I, and notice that H
af C falls "oulside the rule,” Show that it is nol necessary to move
the slide end for end. Instead, set B on CT over 2 on D and under 1 of
I read 16 an D, Thus multiplication by B has really been replaced
by a division by 1/B.

B. Finally, show how combined operations van be simplified by re-
writing them uzing reciprocals. For example, consider

151 x ¢ 1
151 o I'LE.-E‘.‘-J :
3.26x 2,43 428
Work this out on the slide rule by bae methods.,
Firat method:

det 326 on O over 121 an I

Mave hairline over 1 of C.

Mowe slide so that 243 on C is under the hairline,

Under 1 of C read 19.05 an D.

Second method:

Set 326 on C over 151 on D.

Mpove hairline over 243 on CL

Read 19, 0% under hairline on D,

Have the students notice that in the scecond method using CTanly one
setting of the £lide was needed.  Point out that this method is not ooly
easier and shorter, but also reduces the possibility of error in re-
getting the slide,

g, * Bhow students hiowr to use O b combined operations.
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Teaching students the meaning of logarithms, how te find

logarithms, and how the L, C, and D scales are made

Helping students
understand
whuot a logarithm is

36

In: this section it 15 assumed that the students heve not studied logarithms
before instruction on the slide rule is bogun.
In thiz case, the slide mle itself makes

an effective learning aid for the introduction of logarithms,

The ordinary slide rule is constructed by making use of logarithms,
and its rules of cperation are based upon corresponding principles in
the thecry of logarithms.  The slide rule can be used a8 a learning aid
to teach sludents some ideas about logarithms, Qr, more [undamen-
tally, if students understand logarithms, this understanding contributes
L a bazic understanding of the slide rule,

1.

1.1 Tell stglonts that the term logarithim is another name for ex-
ponent.  Hemind them that the exponents they have thus far con-
sidered have usually been integers=-thal is, positive or negative “whale”
mumbers, " and zero.  Ask them what they think a symbol such as
3 ar 100 301 might represent, After discussion bring out that in
cases such as these, where the set of numbers vsed as exponents has
been extended, the term logarithm ig frequently wsed.

1.2 Tell the students to assume the left index represents 1 = 100.
Then, the right index represents 10 = 101, Agk them, "What daes the
graduation labeled 2 represent, expressed as a power of 107" Tn pther
wards, this guestion calls for the solution of the equation 2 = 10%,

Ask, "What number must we wse as the exponent of 10 to get 27"
Bring out that a number between 0 and 1 is being scught, Explain that
mathematiclang have a method of calculating this number, and that it is



0. 30103 carreled w six significant digits, In similar fashion, the
exponent of 10 which produces 3 a5 the power is 0. 477121, We say,
"The logarithm of 3 1o bage 10 is 0, 477181, " This iz abhrevigtod b
writing log 4 = 0. 477131, Other logarvithms are given in the tahle,  In
soneral, if

10 = b, then log b - a,

Ehort Table of Logarithms

Number 1

Powaor of
Tean

5 3 5 G 7 a9 10

100 14]1:'.3']1 lul:.:l.ll"l'T 1o, 03 1o 688 0. 778 12 G4b gl 503 1o Bed gl

Eexpronent
ar 1
Lozarithm

G am

—rwm - -

4?7 0,602 0,699 0,778 0.845 0,803 0.054 1

Helping students
find logarithms
by slide rule

Helping students
uvndarstand
how the € and D

scales are made

Figure 17

z,

Call attention to the L scale on the slide rule. On same models it is
placed on the slide and is read with C. On other maodels it is placed on
the body and read with B, Point out that it is 2 uvnifore scale and can
be wied to measure distance, Point out also that it is graduated in
tenths, aml that these marks are labeled .1, , 2, .3, ..., and the
decimal points are shown, IL is also graduated in tenths of tenths, or
hundredths, hut these marks are not labeled, Finally, between these
graduations are others which enable us to read the L scale to thou-

sandths. Help the students locate a few graduations such as 0. 372,
0, 692, ete,

3.

3.1 Remind the students that log 2 =, 301, Have them place the
hairline over 301 on L and observe that on the © (or D) scale the cor-
responding mark is labeled 3. Similarly, opposite . 477 an L is the
mark 3 en © {or Iy, Explain that this iz the way a C scale iz made,
That 1s, for example, one can start by measuring . 301 units an L,
then putting a graduation at that point on C and labeling this with 2.
Similar measurements on L wsing values from the table of Iogarithms
can be used to locate the other primary gradustions cn © {or T,

—

4. 77"
&.a1"
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3.2 Bring out elearly that if the lagarithm i=s given and its gradoa-
Lion located on L, the numeral for the corrvespording number can he
read from © {or I, Conversely, if 2 number is given, its logarithm
can be found.  The graduation for the number is located on C (or DY,
and the corresponding mark on L is read to determine the logarithm,
If lime permits, have the stuodents make a C scale an paper.

3.3 Mext, explain that the secondary graduations on C (or [N are
located by similar methrds.  For example, the logarithm of 1,5 is
caloulated to be 00170, The graduation for 1, 5 on © {or DN is places
opposite the graduation far 0,176 on L, This process could be con-
tinued indefinitely, but the graduations would soon become very close
togeiher,

.4 Finally, remind the students that when a numeral is in standard
form, It has one [actor which ig a number between 1 and 19, The
graduation [or this Factor can be located on the C {or I) scale, Its
logarithen is always a decimal fraction.

The ather factor is a povwer of 10 which has an integral exponent,
For expmple, have the students vonsider 1.5 x 10¥.  Have them write
1.5 1n exponential form 1o get: .

10,9176 o, 10¥ = 30 0176+ ¥ o 1-:.'Il = 0.176.
Mow have the students bDuild a table of a whole set of numbers which
have LG as the significant digits; thus

L, 500, 004 - 1,5 x 100 = 100176 4B - 170
150, 000 =1,5 %107 = 1 178 g 2 B 176
15, 000 ~1.6x10% = o0 178 gt o gt 176
1, 500 S1sx10® =100 178 Y LB 1TE
150 18 x10% =10 176 g2 o gpP LTH
15 =Lsx10 = 1o 176 4 gl - qpl. 176
1.5 =1.5x 100 = 100178 4 10 = 1p0- 176
0,15 =1.5x10"1=1p% 176 151 - 0. 176-1
0.015 =1.5 x 1072 = 1pY- 176 5 1p-2 - 10- 176-2
0. LG = 1.5x 1072 = 199 176 5 9973 - 18- 276-2
0.00015 = 1.5 x 10-% = 100 178 5 g9 = g0 176-2

Fror this, help them see that changing the pogition of the decimal
peint changes only the integral part of the logarithm or exponent.  Be-
rause of this, the L scale can be used to abtain the decimal fraction
part of the legarithm of any number, ignoring the position of the point
in the numeral for the number itself, Then, the integral part, which is
usually called the characteristic, is found by counting in the same way
a5 iz done when one writes the aumeral in standard form. The char-
acteristic is the count. The decimal fvaction, or mantisza, is ocbtained
from a table, or fram the L scale.




3.4+ I "Powers-of-Ten" slide rules are available, the students
should observe that the L* scale has range -10 w 10, whereas the L
scale has range only from 4 to 1. When a number is set on D+, its
logarithm including the characteristic is read on Lhe L seale.  Thus,
under 2 % 104 h [:I'~r .r:lm“: reads 4.3 an L+, Conversely, if one has che
logarithm and locates its graduation on L*, the numerzl for the cor-
respending number 1 readable on D in standacd form.  Thus, if the
logarithm iz 6. 477, one finds 3 x 109, oz 3, 000, 000, on D=,
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Teaching the use of the S, T, and ST scales
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Helping students
become familiar
with the 5 scale

Il i assumed that mest high school ¢lasses

will el have time snough available for mmstruction on slide role methods
to enalde the sludents o acquire any real competence

in using the 5, T, and 5T scales. Hence, only a brief outline

iz prasented hare, In case adoquale time is available,

instruction an the use af the slidde rule in triponometric caleulations

can be greatly extended, In such cases the instructor

will usually have many idess of his awn

as o how the material may best be preseated.

The trigonometric scales &, T, and especially 8T, are not provided
an some s5lide rule models. They are, however, very valuable for many
Lypes of problems, and, if time permits, studentz should be given some
help in learning b use them. Needless to say, this is not desirable
unless the students are already familiar with the trigonometric functions
namad "sine” and "tangent M

1.

1.1 Tell the students to examine the scale labeled 5 and observe the
mumetals. All 5 scales have a set of numerals that starve with 6 and
continue through 7, B, %, and 10, Thereafter, 15, 20, 25, 30, 40, 50,
g, TO, and 20 are customarily showm,  Explain that these numerals
represent the measures of angles in degrees,

Some 5 scales have numerals or the complementary angles alsa shown
baside the same graduation marks. Have the students observe that for
these numerals the sequence increases as read from right to left.

1.2 Have the students zet the hairline on the graduation for 30 an the
& seale, reading right 1o leit. They can then read the corresponding
function-value on €. Tt is 0.5, since sln 309 = 0,5, Have them read
other values m this way, and check Ty reans of a table of the sine
furection,  Also, bave them find the angles corresponding toe given func-
tion valves, and check with the table. Point out that all function valucs
for this scale are In che range [rom 0.1 to 1.



Halping students
become familiar
with the T scala

1.3 Show the students how Eo use the 8 scale in combined operations.
Foar example, to find 3 sin 30" by setting the right=hand index of C over
3 of D, move the halyling over 30 an 8 and then read 1.5 on T

1.4 Explain o the students that cosing function-values may be read
bw using the set of numerals for the complementary measures, Follow
the same procedure 25 was used far the & scale.

1.5 Call attention to the ST scale if there is one on the slide rules
availabhle, Have the students observa that this scale has graduations
ahd zome numerals for angle measures ranging from O, 377 to 3. T,
and, hence, is a continuation of the regular 5 gcale for smaller angle
measures, Show, by metheds similar to those suggested abxove, bow it
iz read and used. Be sure the sludents know that function velues read
an T for IV are all in the range from 0,01 @0 . L,

z,

2,1 Call attention to the T scale for tangents and help the students
become familiar with it. In particular, have them notice it ends with
459 However, with this scale they can continue finding values of the
tangent for angles in the interval 46% o 34, 3 by reading the zel of
numerals on the left of the graduation marks, The angle values in-
crease now from right to left, and the corrcsponding fangent function-
values are read from the CT scale. Have Lhe students [irst check
familiar values, such as tan 607 = 1, 732, then check olhers with a table.

2.2 Explain that the sine function values and tangent function values
for small angles are nearly the same, so the 3T scale is used {ov
tangents as well as sines, and this explains why it is labeled ST,
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Teaching slide rule operation in terms of logarithms

The materizl in thiz s¢ction should be easy for students

who have studied logarithms previously, This seotion, then,
provides supgestions for a theoretical type of introduction

ta the slide rule. Such a theoretical approach is not,

as a rule, wise for the majority of students,

Latar some atuwdents may be interested in the theoretical principles,
These students, and mathematically-talonted sludents senerallw,
will enjoy finding scale formulas as guggested here.

This Teaching Guide docs not include comments on log lop scales

and other more advanced tvpes of seales. These scales
are rarely taupht in high schools, and when they are,
the teacher iz undoubtedly g slide rule “fan'

who does ool need any special sussestions,

L]

When students know what a logarithm is, and glso the rules {or
operation when using loparithms, the basic princinles af the slide rule
can be eaplained rather easily.

Helping students 1.
understand 1.1 Heview with the students the meaning of the term logarithm (a
how the slide rule  SPecial name for an exponent) and che delinition for base 10, That is,
if L0® b, thena = g b

mechanically 13 ] Y = L & th lozarith I
i b G o - R'E-t'-’ e the Lwo basic rules for operating wit rarithoms.
loaarithms =0 P then log m - log o = log p.
egariams g my/n = q, then log m - log n = log g.

L. 3 Remind the students that the L seale is 2 uniform seale suitable
for measuring, Also, have them recall that it provides logarithms of
mimbers whose gradeations are located on O (op Db,

LEFT IHDEX
Fig‘ura lﬂ- GH & ATALE

I Lenglh for Iy 3 on Canale I
IFFT IMNRFX | . . !
T D SCaLE © ot tomdnedutod ol |||I|'iI|E IERETTT BT
s [T T TR IO R TRAIRE ||:|.||||:||||||||: T rinnmem I‘||I =|||Ii!'_“:i||| T"i i'I'i'i“n“-l|”!IJl!

| 1 H L 1 5 i ! ' L
o Langth for lag 2 on D scole ————m [[
lergth dor log 2 phe lergtn for log 2 i langih Far kg & an O soole =—— —
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Helping students
understand

the busic scale
formulas

Have the students set the slide to multiply 2 x 3 using the C and D
scales.

They can then observe that one is really adding log 2 =, 301 {on L) and
log & = . 477, which Is the distance from 1 to d on C, and obtains under
the hairline the total distance 0. 778 on L. Since thiz distance is the
logarithm of 6, one can read the produect an T, Have them explain
several examples in this way.

1.4 Have the students make some settings for easy divisions (for
example, & = 2 = 4) and explain how the result is oldained by sub-
tracting logarithms mechanically,

Z,

2.1 W time permits, introduce the idea of the scale formula, This
is a formula [oF the distances to be measured in graduating & scale.
For the D seale, the formula is d = M leg n, where M represents the
number of inches or centimeters uf scale length o be provided, and
Ny i6 the number whase numeral will e placed d units from the lelt
index of the I scale, Thus, for a L0-inch scale, d = 10 lug np. For
n=3 d=10log 3= 10x 0,477 =4 77 inches, Have the students uge
a table of logarilluns to caleulate other valucs of d.

Introduce the scale formula for the A scale: namely d = (M/2) log n,
and calculate a few values of d.

Finally, show that the halrline equalizes the distances for, say, the
I seale and A scale so that

M log npy = (MAZ) log ny)
ar log npy = 1/2 log Ry

= lﬂgﬂal"':z S log on.

Hence, npy = Ra-

In words, this means that for any setting of the hairlinge, the number
an the I acale is the square root of the corresponding number on the
A scale,

2, 8 Some students may e challenged to construct the scale
formulas for other seales and prove the relations that exist between
various scales. For example, for the K seale the formula is
d = (M3 log Mg .
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