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Introduction

Many teachers have not had extensive experience in teaching the
slide rule. They are looking for suggestions for effective ways of
introducing the slide rule to their students. Some teachers who have
had much experience may nevertheless be interested in checking their
own methods against those that others have found effective. This
Teaching Guide has been prepared to help both groups of teachers.

The students who are mentioned in the Guide are assumed to be in
junior or senior high school classes. The Guide is organized into
twelve sections. Some teachers may wish to follow the suggestions in
each of these sections. Others will want to select only certain sec-
tions appropriate for their classes and time allotments. There is also
some freedom of choice as to the order in which the various topics may
be taken up. Comments on decisions as to selections and order are
included in the Guide.

I each teacher who looks through this Guide finds only one sug-
gestion that will help him make the study of mathemetics more in-
teresting and effective for his students, the preparation of the Guide
will have been worth the efforl.

Maurice L. Harlung, the author of this guide, recaived the MA
and PhD degrees in mathematics from the University of Wis
consin, and is o professor of the University of Chicego., An
avthority on tha teaching of mathematics, he is the auther of
many books ond orficles, ond is o guelified expert on the
dide rule.

Copyright 1960
Pickett Inc.
Santa Barbara, California
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Introducing the slide rule

Motivation is no problem in the early stages of teaching students to
usc¢ a slide rule. With the instrument in their hands they are ready
and cager Lo begin using it.  Tell the class that the slide rule is a
fairly simple lool by means of which answers to involved mathematical
problems can be easily obtzined. To solve the problems easily and
with confidence, however, it is necessary that the students have a
clear understanding of the operation of the slide rule.

Begin by showing the students how to hold a slide rule. The ends of
the rule should be held between thumb and forefinger. This will insure
free, smooth movement of the slide and of the indicator. Holding the
rule at the center hinders this free movement.

The slide rule consists of three parts: (1) body; (2) slide; (3) cursor,
or indicator, with its hairline. The scales on the body and slide are
arranged to work together in solving problems, and each scale is
named by a letter (A, B, C, D, etc.) or other symbol. The hairline
on the indicator is used to help read the scales and adjust the slide.

LODY
aor HARINE ™
ooy
CURSOR, OF m(xror-’k @ ®
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Helping students
get the general idea

Helping students
learn to read
the scales

Figure 2

Y

1.1 GCall attention to the scales on the slide rule. Tell the students
that the C and D scales are the most important scales, and that the
basic use of these scales is to multiply numbers. Identify the body,
the slide, and the cursor, or indicator, with its hairline. Ifa large
demonstrator rule is available, set it to show 2 X 3 = 6; that is, set
1 on the C scale over 2 on the D scale. Set the hairline of the cursor
over 3 on the C scale and show the class that the answer, 6, may be
read on the D scale under the hairline. Have each student set his own
rule and read the answer from it.

Move the cursor hairline to 4 on the C scale and show that 2 x4 =8
may now be read on the D scale.

1.2 Next, write an example such as 2, 34 x 36. 8 on the board. Tell
the students that before they can do more difficult examples like this,
they must learn how to read the scales and locate the position that cor-
responds to each number.

2,

2.1 The primary graduations

2.11 Tell the students there are a few "vocabulary” terms they
should know to aid in talking about the procedure.

Call attention to the subdivisions of the D scale, and tell the class
that cach mark is called a graduation.

= {H L IlllIIllllllllllllﬂllllm[ll{'l (L l|lIlillIllllllu]!|I|I|l}lll}|lll[lllll]llullIllll"l il:-llI|IrIlllllllllllllIII]IILINIIJ

LEFT INDEX l | | | RIGHT INDEX
PRIMARY GRADUATIONS

Set the cursor hairline over the left index of D, Tell the students
this graduation is called the "left-hand index.” Have them note the
large numeral "1" under it. Next, have them observe the mark at the
right, called the "right-hand index, " which is also labeled '"1". By
moving the cursor, help the students locate the other major sub-
divisions labeled 2", "3", "4", etc. Explain that these ten marks are
called "primary"” graduations and represent the first digit in any
numeral. Point out that these primary graduations are closer together
as one moves from left fo right. Tell the students that the D scale is
an example of a2 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 labeled with a small numeral "1™, then continue through 2",
"3", etc., to primary "2".* Tell the students these marks are called
"secondary” graduations. Have the students notice that these gradua-
tions separate the interval between primary "1" and primary "2" into
ten parts. Although these parts do not have the same length--the scale
is non-uniform--the scale is read as though these were tenths. Have

*On G-inch slide rules these graduations have no numerals beside them.




Figure 3

Figure 4

the students read the sequence between primary 1" and primary '"2" as
"1.1, 1.2, 1.3, 1.4, ... 1.9, 2,0." Write these numerals on the
chalkboard in 2 horizontal line.

Continue to move the cursor hairline to the right over the other
secondary graduations. Have the students read these aloud in sequence
as: T2.1,.2.2, 2.3, ... 3:0, 31 32 a2 ... 9. 8,
9.9, 10.0.™ Call aftention to the fact that in this sequence the right
index is read as 10, not 1,

o I ) :|||U]|||l'||||L|gl|||||||||||||l"’||""f|“"$|"|||"‘1’"!I""l_""l"'}.“"’"‘""‘;

LEFT INDEX 7 RIGHT INDEX
SECONDARY GRADUATIONS

2.22 Now tell the students to move the hairline back to the left index

and start over, but this time they are to read the left index as 10.
Have them read the secondary graduations aloud in sequence, as: "11,
12, 13, ... 20, 21, 22, ... 30, 31, 32, ... 98, 99, 100.™ Also write
this sequence of numerals on the chalkboard directly under the others
(- gy ba K S ey

2.23 Repeat the cycle with the numerals: 110, 120, 130, ... 200,
210, 220, ... 300, 310, 320, ... 980, 990, 1000.™ Ask the students to
Study these sequences, and draw out for them the generalization that
for each graduation the sequence of digits in the numeral is the same,
but the position of the decimal point is changed.

2.3 The tertiary graduations

2.31 Some teachers may want to defer teaching the students how to
read the third digit until after some work has been done on multiplica-
tion. This is a good plan because it gets the student "right into it"
quickly. However, there are also advantages in going on immediately
to further study of the scales. We assume at this point that the grad-
uation scheme is that customary on 10-inch slide rules.

2.32 Have the students start by placing the hairline over the mark
for 110. Call attention to the short graduations between secondary 1"
and secondary "2". Have these read aloud in sequence as: "111, 112,
113, ... 119, 120." Continue with: "121, 122 123, ... 129, 130, ...
198, 199, 200."

2.33 Now start back again at the left index, reading it as "100."
Warn the students that the next reading is “tricky," and help them see
that the sequence is: ™101, 102, 103, ... 109, 110."

Move now to primary "2", and call atiention to the fact that there
are only five spaces between it and the next secondary graduation, Tell
the students they can now "count by twos, " reading the graduztions in
sequence as: "202, 204, 206, 208, 210, 212, ... 396, 398, 400."

149 173 146 24
: 2] nmq}n-aumtl:u [ Lm'|m1.‘mmnﬁngnul‘mpu['l'mllnn;vulynx||||||un|uu||lwm.:uu!u||||uuuulumgl|n||u
LEFT INDEX
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Figure 5

2.34 Now have the students start back at 2, and tell them to place
the hairline about halfway between the mark for primary 2 and the next
mark. Tell them this position is read as ""201." Move the cursor
between 202" and ""204, " and read ""203." Continue to read the grad-
uations for odd numbers up to 399,

Some sample readings are shown in Figure 5.

101 119 195 223 402 445 694 987

. [lnu*n’!mrrmmnnm;lmmmqlumqummmnnmmprnnmqm{m

2.35 A major psychological difficulty may arise at this point. Some
students may be disturbed because they feel they cannot place the hair-
line precisely where it "should be." They become unduly concerned
about error. At this time they are not quite ready for a fully satisfy-
ing discussion of this problem, [ is best simply to point out that with
practice they will learn to estimate with adequate precision where the
hairline should be. For the present, they should try to place it just
slightly to the right of the midpoint of the interval between two grad-
uations. Point oul that engineers, scientists, and others use slide
rules regularly and find the accuracy adequate for much of their work.
If time permits, the students should learn the basic principles of
approximate computation. Some of the essentials will be discussed
later in this teaching guide.

2.36 Next, have the students observe that to the right of primary
4" there is only one subdivision between each secondary graduation.
Tell the students to read the graduations "by fives, " thus: 405, 410,
415, ... 505, 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 402, 403, 404, and thus arrive at 405. Continue
in this way until they gain some confidence in “splitting" the interval,
Point out, for example, that 413 will be nearer 415 than 410, and 414
will be 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 splitting the next interval in half, show where 1365 is
located. Continue with similar examples.

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




Helping students understand the basic principles

Some teachers may wish to defer instruction on the basic principles
until after the students have made more progress in learning to compute
with the slide rule. Those teachers may turn at once to Section IIIL
This section may be omitted entirely if only a limited amount

of time is available, If, however, understanding of principles

is a major objective (as it should rightfully be),

time should be found for learning activities of the type described here.

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

Scales for addition ¥
1.1 Remind the students that they have used a foot-rule many times

to measure lengths. Demonstrate how two foot-rules, X and Y, can be
used together to add numbers,

For example, in Figure 6 the 0 of Rule X is placed opposite 3 of
Rule Y. Under 4 of Rule X you see 7 of Rule Y. Used in this way,

T 4
/

x,’ 0 1 2 3 4 5 f’ 7 4 9 10 n 12
| : |l|||!||!|||'|’l|}_|;| |,_1|||1‘:|1{1|1!:|11"
l’e|l|r]I|T||Il‘n|lr|_|\llllf1| , I|I|n|1|
0 | 2 3 4 ; 6 7 8 9' 10 1n 12)

X -
Figure 6
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Figure 7

these rules provide a mechanical way of showing that 3 + 4 = 7. At the
same time, Figure 6 shows that 3 + 5 = 8, and other sums. Also, by
sliding Rule X along Rule Y, the 0 mark of Rule X canbe placed opposite
any mark on Rule Y. The two rulers used together become a slide rule
for simple addition,

1.2 Point out that the marks (or "graduations"”) and numerals on a
foot-rule are an example of a scale, and that the foot-rule is a uniform
scale. Have the students themselves demonstrate addition using two
ordinary foot-rules, or two uniform scales drawn on paper.

Explain that foot-rules are not often used to add as in Figure 6 be-
cause the scales are short. Only the numbers from 0 to 12 are repre-
sented. Facts suchas 3 + 4 « 7 are easy to remember, and no one
needs a mechanical device to do such simple examples. Also, have
them notice that the example 3 + 11 causes trouble because the numeral
11 on the X scale is on the part that extends beyond the Y scale. There
is no numeral 14 on 2 foot-rule.

1.3 Next, demonstrate how examples such as 3 + 11 = 14 and 18 + 17
= 35 can be done mechanically by using two yardsticks. The scale on a
yardstick reads from 0 to 36. However, an example, such as 18 + 27,
causes trouble because the sum, 45, is not on the scale of a2 yardstick,
Bring out through questioning that by using two longer scales this
e¢xample can be done. Help students see that any addition example can
be done by using scales that are long enough, butl very long scales would
not be convenient to carry around or use. To be convenient, a slide
rule scale should not be much more than about 10 inches in length.

1.4 Now call attention to the fact that the scale on a foot-rule has
marks to represent fractions. Usually the marks show eighths, but
sometimes sixteenths and even finer subdivisions are made. By using
these marks, demonstrate how cxamples such as

3 5

+835= 875

can be done casily with slidmg foot-rules. Finally, demonstrate how
marks to represent decimal fractions, such as tenths, can also be used,
as shown on the boltom scale of Figure 7. By using scales graduated
in tenths, show how examples such as 2.3 + 6.9 - 9.2 can easily be done.
Help students see, however, that graduations to show hundredths would
be too close together to read without 2 magnifier.

1.5 I "meter sticks" are available, as they usually are in science
laboratories, have the students demonstrate addition of numbers

- o 3.5
lunln11|n||||m]Hnllmlm||mu




Scales
for multiplication

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

1.6 Tell the students they will learn how the ordinary slide rule over-
comes the kinds of difficulties mentioned above. The difficultics arise
because the scales must be short. If the scales could be as long as we
pleased some things would be easier, but as a mechanical device the
slide rule would not be the very convenient tool it now is.

L

2.1 Remind the students again that the scale of a foot-rule is uniform.
The numerals 0, 1, 2, 3, etc., represent consecutive integers (some-
times called "whole numbers™). On a foot-rule, the distance between
two graduations which represent consecutive integers is always one
inch (see scale L of Figure 8). Have them make 2 non-uniform scale
by putting marks on 2 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 L is labeled 1 on D; the mark labeled 1 on L is labeled 10 on D;
the mark labeled 2 on L is labeled 100 on D; ete. Tell the students that
the marks for 2, 3, 4, etc., to 9 which would be between 1 and 10 on
scale D need not be shown (sec Figure 8). Also, the subdivision marks
for 11, 12, 13, etc,, to 99 which would be between 10 and 100 are not
to be shown either. These 89 subdivision marks would have to be put
in the same length (1 inch) as the 8 marks between 1 and 10. They
would, therefore, be much closer together than they are on scale L.

Figure 8

0 1 2 3 4 5 6
-l I | I | | b
Sl I I | | I I

1 10 100 1000 10,000 100,000 1,000,000

100 10! 107 100 10+ 103 104

Similarly, the 899 subdivision marks for integers between 100 and
1000 are not to be shown (see Figure 8). These marks would be very
much closer together than those with the same numerals would be on
scale L. The gradumtions get more and more crowded as the numbers
get larger. Tell the students scale D is a non-uniform scale, and this
particular non-uniform scale is called a 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
you can use to put the graduations and numerals on. X you had a strip
of paper a mile long, the range of scale L could be from 0 to 63, 360.
The corresponding numbers represented on scale D would then range
from 1 to an enormous number. This number would have 63, 361 digits

11

The basic principles
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Figure 9 -

Showing how
short scales
can be used

or figures in its numeral, and it would require a strip of paper about
440 feet long on which to 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" or 1, 000,000, 000. Tell the students thata
slide rule which has two logarithmic scales (like scale D of Figure 8)
can be used to multiply one number by another. Explain, for example,
how to 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 Figure 9) over the mark for 24 on the other scale. Then you would
look for the mark at 380 on scale C. On scale D right under it you would
find the answer 9, 120.

I'!‘. ':;? 1"II|. || ;i’
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2.3 As a summary, make clear that two logarithmic scales, if used
just as the foot-rules were for addition, will provide the answers for
multiplication examples. If the scales are long enough, the accuracy
will be very great, and the position of the decimal point in the answer
numeral can be seen, However, to be practical the scales must be
‘short--only about 10 inches or less in length. Also, many of the sub-
division graduations (such as for 24 and 38 in Figure 9) cannot be shown,
so the user must learn to estimate where they would be.

3:

3.1 Help the students recall that if we want to measure a distance of
several feet, but have only a foot-rule, we measure by using the same
scale over and over again. That is, we put the scale down and make a
mark to show the first 12 inches, then slide the scale along and use it
again. We repeat this as 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 track or remember how many times the scale was used.
K necessary, demonstrate this by measuring a length of 3 or more feet
with a foot-rule.

3.2 Then point out that, similarly, if we want to multiply any two
numbers by using logarithmic scales, we can do it with short scales 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 left-hand index as 1, or as 10, or as 100, or as 0.1, or as
0.01, etc., depending upon the number we are setting. Similarly,
primary "2" may represent 2, or 20, or 200, or 0.2, or 0.02, or any




number whose numeral has the sequence of digits below:
.. . 000020000, . .
We disregard the location of the decimal point in the numeral.

3.3 For example, consider again the problem of finding 24 x 380 by
by using the C and D scales of an ordinary slide rule. First, the left-
hand index of the C scale is set over 24 on the D scale. In this case the
D scale represents the section between 10 and 100 of the complete
logarithmic scale. The numeral 2" on the scale represents 20, and the
numeral "3 represents 30. The fourth secondary subdivision between
2" and "'3" represents 24.

Next, the hairline of the cursor is set over 380 on the C scale. In this
case the C scale represents the section between 100 and 1000 of the
complete logarithmic scale.

Help the students see that when the setting is made and read in this
way it is the same as putting down the C scale once and saying "ten, "
then putting it down again and saying "one hundred, ™ and then going on to
380 (see Figure 9). We are now in the section for "hundreds." The
numeral "3" represents 300, and the numeral "4" represents 400. The
elghth secondary subdivision between "3" and "4" represents 380.

Now when these scttings are made on an ordinary slide rule, the hair-
line of the cursor will be just to the right of the numeral 9 of the D scale.
Since we started at 24 of the D scale, we might think this should repre-
sent 980, However, because two lengths of C scale were used in reaching
the "hundreds, " these two lengths must also be accounted for on the D
scale, The numeral 9 near the hairline must now be read as 9000 (see
Figure 9). This example shows how a single section of the logarithmic
scales can be used to get the answers if we know how to interpret the
numerals.

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

The basic principles 13



Teaching multiplication and division
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Multiplication with
the C and D scales

1 b

The best procedure is to work out a few examples with the class (
the demonstrator slide rule) and then help the students generalize by
formulating a ""rule" such as is given in any manual on slide rule ope
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
illustrative: 19.5x 4.1, 2.42 x 296, 121 x 65, 3.81 x 2. 16,

1.1 The first basic idea is that in using the ordinary C and D scales,
decimal points in the numerals are ignored.* Thus, 2,34, 23.4,
0. 0234, and every number with this sequence of digits is treated as 3
Remind the class that this is also customary in ordinary multiplication
with paper and pencil.

1.2 The second basic idea the students should have is that multip
tion by slide rule is accomplished by adding two scale lengths and r
ing the result on the D scale. (If the suggestions in Section II, parts 1
and 2, have been followed, the students will already know this. If the
suggestions in part 3 have also been used, 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 is in paper and pencil work.

* If “powers of ten® or *decimal keeper™ scales are used this statement is not
true. See Section 6.
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Division using
the C and D scales

Figure 11
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doing the first few examples, have the students estimate the result by
rounding off the numbers and using mental computation. Encourage
them to make this a habit and use it whenever possible in computation.
The example 19.5 x 4.1 can be rounded to 20 x 4. The students should
see the result is near 80. Tell them they will learn a “scientific”
method of locating the decimal point in a later lesson,

1.4 The fourth basic idea is that if the result falls outside the D scale,
the other index of the C scale should be used. Give the students an
example such as 28.3 x 5. 46, and have them set the left index of C over
283 on D. They will find that they cannot move the hairline over 546 of
the C scale. The result is "off the D scale.”™ Now have the students set
the right-hand index of C over 28. 3 of D and finish the calculation in the
usuzl way. Make sure they understand that by using one index or the
other, the result will always be on the D scale.

2. Flooe hairline

over multiplicand (5.46)
owy
K! VLT |I|H|1||||L|.'.u1....x e |..| 1 ?1lll Illllflllll
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3. Reod result (154.5) 1. Set right index of C scale
on D scele. over multiplier (28.3) on D zcale.

1.5 I convenient, show the film The Slide Rule I (C and D scales).
1 reel, 16 mm., sound, 24 minutes. B & W. Castle.

1.6 Assign examples for practice, and give individual help to students
who need it.

2,

First, be sure the students understand that division is the inverse
operation of multiplication. Have them set the slide rule to show 2 x 4 =
8. Point out that we start at 2 on the D scale, then move to 4 on the C
scale, and find the answer 8 under 4 on the D scale. Have them notice
that by reversing these steps we can divide 8 by 4 and get the result 2.

1, Set divisor (4] on C scole
over dividend |8} co D scole

et nilit i et tdnlag ubadulee bl Bl
LRI UL VT T Tgo 4;*“;"1 1 ir ,

\\2. Recd raudt (2] oo D scale
under left index of C s«cole
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Combined
operations using
the C and D scales

2.1 Point out that the basic idea in dividing by slide rule is to
subtract the length for the divisor from the length for the dividend and
read the result on the D scale.

2.2 Second, tell the students that decimal points are to be ignored in
making the settings and that the location of the decimal point is an extra
Step. Have them locate the point by estimating,

2.3 Third, help the students see that in division the result is never
"off scale." Work out examples until most of the students feel confident
thal they can practice independently.

3.

To secure more practice immediately and to 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 operations™ before
systematic methods of localing the decimal point are introduced.

3.1 Best results will be obtained by beginning with examples like

42 x 37
65

First tell the students it is easiest to divide and multiply alternately.
Thus, in the example above we should divide 42 by 65 and then multiply
the result by 37. Help them to see that this means we set (1. ¢., move)
the slide and the cursor alternately, and that we do not read inter-
mediate results, but only the final answer.

3.2 Second, help the students work out several examples in which
there are more factors; for example:

5.17x1.25 x9.33
4.3 x6.77
Choose these so there is one more factor in the numerator than in the
denominator.

3.3 Third, use an example such as:

3.72x2.46 x 4.31

2.98

In this example we would set the slide so 298 of C is over 372 of D,
move the hairline over 2. 46 of C.. The result thus far is on D under the
hairline, but we still must multiply by 4.31. To do this we move the
slide so 1 of the C scale is under the hairline, then move the hairline
over 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 obtain

3.72 x2.46x4.31,

2.98x1

and this may help them to remember the settings by cmphasizing the
alternate "slide-hairline-slide, " etc., movements.

3.4 Finally, show how an example such as 32 x 1. 65 x 8. 9 can be
done by the same principle if we write (or think)

32x1.65x8.9 .
ey
and again rely on the general principle discussed above.




Helping students
accept
approximations
to numbers

Teaching students about approximations

Students in 2 modern program of mathematical instruction

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

If they have learned these ideas before work in slide rule is introduced,

this section may be omitted. If the students do not already have these ideas,
instruction in them in connection with the slide rule

is not only necessary but also is especially effective.

1

Many students are reluctant to accept the approximativeness inherent
in much scientific work. They need 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 not because of carelessness, but
because of limitations of the measuring instrument. Remind them also
that we can refine our instruments so our results are more precise and
more accurate, but we still will have to accept small errors.

1.2 Tell the students that in slide rule work we are interested in the
accuracy of our results, and that this is indicated by the number of
significant digits we have in the numeral. For example, 704.05 has
five significant digits. Explain that digits other than 0 are always
counted as significant, but sometimes 0 is significant and sometimes
it is not. A 0 between two other digits is always significant. When the
number is less than 1, as for example, 0. 00506, the two zeros between
the decimal point and first non-zero digit are not significant. In a
numeral such as 50600, the two zeros at the right of the 6 may or may
not be significant. However, they are usually counted as not significant
unless there is reason to believe they are significant. For example, a
precise instrument might, in general, give four figures. In that case,
we might know that the underlined figures in 50600 are significant but
the last zero is not,

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

1.3 Explain that we use approximations to numbers in many cases
¢ven when no measurement is involved, For example, we use 3. 14 for

1T, and we use 1. 414 for the square root of 2.

1.4 Tell students that in much scientific and engineering work re-
sults that are accurate to three significant figures are commonly
accepted, at least in preliminary calculations. Remind them that this
accuracy is obtainable with the slide rule--that is one reason it is so
popular, and is taken everywhere as a sort of symbol for enginecers
and scientists.

1.5 Explain that when one number that is an approximation is
multiplied or divided by another, the result is no more accurate than
the least accurate of the two numbers. In a paper-and-pencil calcula-
tion of 3, 82 x 6. 29 the result, 24,0278, has six digits, but only the
first three, namely 24.0, arc to be taken as significant. The slide rule
gives these three significant figures quickly and with no wasted work.
Have them multiply out some examples using first paper and pencil,
then the slide rule, and compare the two methods.

1.6 If time permits, do a few examples such as the following. As-
sume two measurements to the nearest inch are 26 inches and 34 inc
If new measurements precise to the nearest tenth of an inch were takes,
help the students see that the results might be as large as 26. 5 and
34.5, or as small as 25.5 and 33.5. Have the students multiply, by
paper and pencil, 26 x 34 to get 884; then 26.5 x 34.5 to get 914. 25;
then 25.5 x 33. 5 to get 854.25. Then point out the original measure-
ments were correct to two significant figures. The result should be
expressed as 880. This comes between 910 and 850, which are the
rounded values of the two extreme values found above. Then show that
the slide rule will also give 880,




Teaching “scientific notation”

Students in a modern program of mathematical instruction

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

If they have learned these ideas before work in slide rule is introduced,

this section may be omitted. I the students do not already have these ideas,
instruction in them in connection with the slide rule

is not only necessary but also is especially effective.

Preliminary 1.

comments The location of the decimal point in the final result has always been
a serious difficulty in slide rule calculation. Many special methods
have been devised, and some of these are explained in most books or
manuals on the slide rule, Most of the special methods involve rules
and auxiliary calculations that are different to learn, remember, and
use. In fact, they are a poor substitute for the one basic or fundamental
method, which uses the "scientific notation” for numbers. In this
notation any real number is expressed, at least approximately, in a
standard form.

The widespread use of this notation in the modern, scientific world
suggests that all students ought to understand this notation. It 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 use of the basic scientific notation. Unfortunately, in some
examples, particularly those involving very large and very small num-
bers, the estimation becomes quite difficult, and for confidence in the
result one must fall back on the basic method.

An effective and simple slide rule method of locating the decimal point
has recently become available. It will give answers in the range 10-10
to 1019, to one or two significant figures. However, for results more
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accurate, or outside the range indicated, one must again fall back on
the basic method.

For these reasons instruction should be given in high school on the
use of "scientific 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 notation™ depends upon knowledge of exponents.

Teaching 2.
the meaning 2.1 Introduce simple examples involving products of the same factor.
and value A good example follows.
of exponential Number of parents you have is 2,
Number of grandparents is 2x2 = 4,

i Number of great-grandparents is 2x2x2 = 8.
In table form:
Number of Generations Back Number of Ancestors
1 2 =2
2 2x2 = 4
3 2x2x2 =8
< 2x2x2x2 =186
5 2x2x2x2x2 =32
6 2x2x2x2x2x2 = G4

2.2 Introduce exponent notation as a short way of writing products of
the same factor; thus, write 2 % instead of 2x2x2x2x2.

2.3 Define terms: e.g., 2 is called the base; 5 is called the
exponent; 32, or 2 5, is called the power.

2.4 Use as an example the anecdote about the ancient monarch who
wanted to reward the inventor of the game of chess and promised to give
him anything he asked. The inventor said he had a very simple request.
He wanted one kernel of wheat for the first square on the chessboard,
two kernels for the second square, four kernels for the third square,
etc. Write an expression for the number of grains in the 64th square.
(Answer: 263, or 2x2x2x2, etc., to 63 factors)

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

Power in
Exponent Factors Written Out  Exponent Name of Number

Notation

1 10 101 "ten"

2 10x10 102 "one hundred”

3 10x10x10 103 "one thousand"

4 10x10x10x10 104 "ten thousand"

5 10x10x10x10x10 10° "one hundred thousand™

6 10x10x10x10x10x10 10® "one million"

2.6 Summarize to bring out: (2) how exponents make it easy to
write powers of ten; (b) the exponent tells the number of times that 10




is used as a factor; (c) for powers of ten the exponent is found by
counting the number of zeros in the repeated factor.

2.7 Assign examples for practice. The following are typical of what
you may use.

Write in exponential notation:

(2) 4x4x4 (c) 6x6x6x6x6x6x6

(b) 3x3x3 (d) 10x10x10x10x10x10x10
Write the following in the usual way:

@ 58 (© 35 (&) 10%

® 108 @ 48 @ e

Teaching how X
to write numbers 3.1 Tell the students that every number, or at least an approximation
in “standard form’’ to it, can be written in one "“standard form."” In this form the decimal
or “scientific Point in the numeral is written to the right of the first digit, and then a
notation” factor which is a power of 10 is written. Work out examples such as
the following:

(2 254 =2.54 x100 = 2.54 x 102

(b) 683,000 = 6.83 x 100,000 = 6.83 x 109

3.2 Explain the advantages of this way of writing the numerals for
numbers., Among these advantages are the following:

3.21 In many cases it is shorter. Thus, 2.3 X 1013 =
23, 000,000, 000,000. In scientific work the numbers sometimes are
very large or very small,

3.22 When numbers are expressed in this form and then multiplied or
divided, etc., the location of the decimal point in the answer is
simplified.

3.28 This form makes clear just how accurate an approximation one
is dealing with. Thus, we say that 4. 82 is "accurate to three sig-
nificant figures." H we see the numeral 482,000, we cannot be sure we
have six significant figures. It is more likely that we still have only
three significant figures. To show this we can write 4.82 x 10° instead
of 482,000. If we actually have six significant figures, we should write
4.82000 x 109, If we have four significant figures, we should write
4.820 x 105, A recent estimate of the age 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 scientific work.

3.3 Explain how to write numerals in “scientific notation.”™ The
easiest method is as follows:

(2) Write the significant 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.

(c) Start at the right of first non-zero digit in the original numeral

and count the "places"--that is, the digits and zeros passed
over--in reaching the decimal point. The result of the count is
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to locate
the decimal point
in multiplication

the absolute, or "numerical, " value of the exponent. If the
count to the original decimal point moves toward the right, the
exponent is positive (+). If the count moves toward the left, the
exponent is negative (=). Write in the proper symbol for the
exponent of 10.

For example, take 5,790,000. First, write 5.79 x 10. Next, start
between the 5 and the 7 and count (toward the right) the six “places.™
Write the 6 to indicate the power of 10.

For 0. 000283, first write 2,83 x 10. Now start between the 2 and
the 8 and count (toward the left) the four “places.” The final result is,
then, 2.83 x 10 %

3.4 Show students how to change a numeral from standard form to
ordinary form by reversing the above process. Thus, to express
4.68 x 10° in ordinary form write 468 and then supply zero symbols
there are 5 places to the right of the 4; the result is 468, 000.

To express 8.93 x 10 -3 in ordinary form write 893 and then supply
zero symbols to the left of the 8 until there are 3 places, including
the 8; the result is 0. 00893.

3.5 Provide an adequate supply of examples for practice,

4.

The use of "scientific notation™ to locate the decimal point requires
the ability to multiply and divide powers of ten. If students already
know the "laws of exponents™ and how to calculate with the integers
(that is, positive and negative numbers and zero), the use of this
knowledge in locating the decimal points should be merely a highly
valid application. If they do not have this knowledge, they must
acquire it either formally or informally. We will assume here that
the students do not have this knowledge and that it is to be taught in-
formally. If the teacher wishes, and time permits, a more formal
approach of the type found in zlgebra textbooks may be used. This
will, however, be somewhat of a digression if injected in a unit on the
slide rule.

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

1.74 x 107 x 2. 48 x 105
Remind them that in multiplication the result does not depend on the
order in which the factors are taken. Have them multiply 1. 74 x-2. 48
on the slide rule to get 4.32. Now point out that in 107 and 10%
together they will have 10 as a factor 7 + 5 or 12 times. Thus, the
result is 4.32 x 1012, Have them write this out in ordinary notation by
counting 12 places to the right from the 4.

4.2 Next, use examples such as 17, 400, 000 x 0.0000248. This
example may be written in the form 1.74 x 107 x 2.48 x 10-5, Point
out that if they write out the answer in ordinary form, they could do
it in two steps. First, they would count 7 places to the right from the
4 in 4.32. Then, because of the 10'5, they should count 5 places




Figure 12

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

Do several examples this way until the students begin to see that
a shorter method is to subtract 5 from 7; that is, tofind 7T - 5 = 2,
and then count just two places to the right.

4.3 Help the students to generalize the procedure. Give examples
such as:
17, 400,000 x 0, 000, 000, 002, 48
1.74x 107 x 2.48 x 10-9.
They should see that the counting process will take them two places to
the left of the decimal point in 4. 32; that is, the result should be
4.32 x10-2 or 0.0432. If necessary, use 2 "number line" lzbeled as
in the figure below to help them visualize this. Show that if they

or

| | | | |
I I I
=3 =20 =1 0 ] ZEESNE s 5 6
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start at 0 and count 7 places to the right, then count back 9 places,
they will end up at -2, or 2 places to the left of 0.

4.4 Continue this informal use of "signed numbers™ by using

examples, such as:

0.000,174 x 0.002, 48

1.74x10"4 x 2. 48 x 1073

The students should see that the count now will take them 7 places to
the left of the decimal point in the 4.32. The result is 4.32 x 10~7,
which is 0. 000, 000, 432.

4.5 Show students the meaning of situations such as 4. 32x103x10-3.
Point out that this indicates that one 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, so the example can be
written 4. 32 x 10°. The 0 can be interpreted as calling for no counting
either way, In effect, one "stays put,” or "stands still. " The resuit,
then, is 4. 32.

Tell the students that mathematicians have agreed to interpret 107
as 1, since the product of 1 and any factor is just that factor.

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

6.28 x 103 x 4.32 x 102 = 6.28 x 4. 32 x 105.
Here 6.28 x 4.32 = 27.1, or 2.71 x 101. Because of this "extra”
factor, the result is 2. T1 x 106,

4.7 Give adequate practice. Remember that this ability is impor-
tant in its own right, and should be learned even if students are not
expecting to use it in slide rule work.
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to locate
the decimal point
in division

Teaching
decimal point
location in
combined
operations

-

.
5.1 Begin by giving an example such as:
4, 320, 000, 000, 000 = 248, 000.
Have students write this in the form
4.32x1012 1,74 x 1012
2.48 x10° 109 ’
and divide by using the slide rule. The students must next learn to
get a single power of ten in the numerator. H they know how to divide
exponentials, this is no problem. We assume they do not, and continue
with less formal but meaningful methods.
5.2 Help the students recall that in a division example both "terms™
(i.e., dividend and divisor) may be multiplied or divided by the same
number without changing the quotient. Use examples such as the
following:

12, 12x10 120 , 12310 1.2

- Y 3x10 30 S 3-10 .3 *
48 48x100 . 483100
6or 6100 7 B=100
5.3 Returning to the example (see 5.1)
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 other words,
we “'count back" 5 places in each. The result is 1.74 x 107. Inter-
mediate steps, namely

1.74 x 1012 x 105 1.74x107 1.74x107

105 x10°5 10%: T

can be written, but eventually and for speedy work this is usually un-
necessary. Help the students see that this procedure of making the
divisor 1 is always possible,

6.
Use a few examples to show students how to handle more compli
situations, such as the following:
3.65 x 105 x 4.81 x 1077
8.47 x 10 ¥x2.61 x102
By estimation, we see that the non-exponential factor will reduce to
about §or 0.75, and the exponentials boil down to 10~2. By slide
we then get 0. 794 x 10-2 = 7.94 x 10~3 = 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
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This section may be regarded in several ways.

It provides an alternative approach to "scientific notation"

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

it introduces the soundest approach to a purely mechanical way

of locating the decimal point that has yet been devised.

If "Powers-of-Ten" scales cannot be made available, or if time

is very limited, this section may be omitted.

If "Powers-of-Ten™ scales are available, they may be used to introduce
the slide rule and solve problems. This approzch avoids

the usual difficulties of decimal point location at the outset.

However, accuracy of at most two significant figures is obtainable.

The "Powers-of=Ten" slide rule has non-uniform logarithmic scales
of the type shown in Figure 8 on page 11, The range is 10-10 ¢5 1010,
The primary graduations are uniformly spaced, and represent powers
of ten. The secondary graduations are non-uniformly spaced. They
correspond to the primary graduations on an ordinary C or D scale.
Thus, the D* and C* scales represent twenty repeated lengths of the
“ordinary” D or C scale as scen on the standard slide rule, but they
have been greatly reduced. Looked at another way, the D scale of the
standard slide rule may be regarded as one small section of the D*
scale which has been greatly enlarged.
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The "Powers-of-Ten™ slide rule may be used to solve problems in a
simple way that takes account of the decimal point at all times. It
may also be used as 2 teaching aid to help students learn how to use
exponential notation and the standard form of numerals.

Using the "Powers-of-Ten" slide rule 25



Multiplying
powers of ten

Introducing

the "Powers-of-Ten”’

slide rule

Figure 14

Multiplication by

the ““Powers-of-Ten”’
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slide rule

115
Begin by showing students how to multiply powers of ten. For
example, show 102 x 103 as

\10x10 x 10x10x10/or 102 b ¢ 103 - 105.
10°

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

v.JZ

Introduce the "Powers-of Ten" slide rule as 2 mechanical device for
multiplying and dividing powers of ten.

2.1 Call attention to numerals on the C* and D* scales to the right of
1, ie., 101, 102, 10%, etc.,

10, 100, 1,000.

2.2 To show 102 x 109 « 105. have students proceed as follows:
Place 1 of C* over 102 on D*. Under 103 of C* read 10% on D,

Work out similar examples with the slide rule, and check a few by
writing out factors of 10 as was done above.

2.3 Tell students that by learning to read the scales they can do any
multiplication example easily, and the location of the decimal point in
the answer will be known immediately.

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

T L ”:"'.‘(‘ ' “’"’0 ' ”"";V r?mﬂ"“’t' ' ||m"p

(—£ x10?

3 x 102 or 300
w2 % 107 or 200

3 X 10% or 30
4x10

Have students move the hairline of the "Powers-of-Ten” slide rule to
the right {from graduation to graduation and read values as shown
above,

3.
3.1 Begin with a few simple examples such as 20 x 300 = 6000.
Place 1 of C* over 20 on D* Under 300 of C* read 6000 on D*.



Also write out these factors and the product in exponential or “"powers
of ten' form as below:
20 300

2:(101 % %102

2x3x xlOz,
or by changing the order of the factors, get 6x103, which is 6000.
3.2 Next introduce examples such as 24 x 362.
Place 1 of C* over 24 on D*. (Note: set 24 roughly between 20 and 30.)
Under 362 of C* read 8x10% or about 8000.
Write this out in scientific notation as:
2.4 x 10.x 3. 62 x 10

Change order 2.4x3762x10x1
Multiply out 8.388 x 103, or 8388.

3.3 Explain how the "Powers-of-Ten" slide rule gives an approxi-
mation (8000+) which serves as a check--especially for the decimal
point, which is automatically placed.

Introducing 4,
negative exponents 4.1 Call attention to the portion of the D* scale of the "Powers-of-
Ten" slide rule to the left of 1. Note powers are 1071, 102, 1073,
etc. Help students build a chart on the board as follows:

. In scientific
Numbers Factors notation
1, 000, 000 10x10x10x10x10x10 1 x 108
100, 000 10x10x10x10x10 1x10°
10, 000 10x10x10x10 1x10%
1, 000 10x10x10 1x10°
100 10x10 1x102
10 10 1x10!
1 1 1 x 109
1 -1
— 1x10
| 10 X
e A e
.01 s 1x10
1 =
. 001 10x1 010 1x10
0001 — 1x10°4
2 10x10x10x10 =
1 -5
v L 10x10x10x10x10 £ x 10
1 -6
BT 10x10x10x10x10x10 1x10

Help students generalize that a negative exponent indicates division by a
power of 10.
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4.2 Extend multiplication to include numbers which require n
exponents when expressed in scientific notation. Use examples such as
103 x 10"2, as follows: Place 1 on C* over 10° on D*. Under 10-2 of
read 10} on D*.

4.3 Show how to find 103 x 102 in two ways:

(8) 10x10x10x—— = 10,

~10x10
® 10% =1000

102 = 01
100 10.00.
4.4 Practice multiplication on the "Powers-of-Ten" slide rule,
using examples, such as:
(@ 10%x10-3 =102 () 10%x10-7 = 1073
® 1075 x 108 = 10° @ 103x1072 = 10-3
4.5 Extend to numbers in scientific notation, for example:
4x10% x2x10-5 =8 x 103 x 10-5
=8 x 10-2
=,08
4.6 Explain how to write numbers in scientific notation easily when
the exponent is negative. For example, consider
0.000623 = 6.23 x 10~4.
As before, start at the right of the first significant digit (here 6), and
count placesto the actual position of the point (here 4 places to the
left). If the count is to the left, the exponent is negative,
4.7 Solve problems, such as:
. 000623 x 847.
This can be written 6.23 x 10™% x 8.47 x 102,
or 6.23 x 8.47 x 10~4 x 102,
5.3 x 1071, or 0.5 , approximately.
(Place 1 on C* over 6 x 10~4 on D*.
Under8x1020n C* read 5.3 x 1071, or 0.5 on D*.

5.
5.1 Begin with simple examples, such as:
6000 - 20, or
B x 103 2 x 10.
Write this in the form 6 x 103 _6x10x10x10

2x10 2x10
Divide to get 3 x 10 x 10 or 3 x 102 = 300.
5.2 Introduce division by "Powers-of-Ten" slide rule.
examples, Such as:
@ 10°= 1o
Over 103 on D* place 101 on C=.
Read 102 on D* under 1 on C*.
®) 10%2+10 -4
Over 102 on D¥* place 10-% on C*.
Read 10° on D* under 1 on C*.
5.3 Remind the students of the inverse relation of division and

Use simple




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

5.4 Next consider more representative examples such as 62.3 -
0.00042. Set 4 x 10~% on C* over 62 (or 6. x 10) on D*. Under 1 on C*

read 1.5 x 10° (or 150,000) on D*.

0004 or
4 X 104
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40 or 150,000 or
& X 10! 1.5x10°

5.5 Summarize the procedure and help students understand that the
procedure in setting with C* and D* is exactly the same as it is with
the C and D scales. However, the setting is made in the portion of the
C#* and D* scales that corresponds to the actual magnitude of the number.
Thus, numbers between 10, 000 and 100, 000 are set in the section be-
tween 10% and 10°. Numbers between 0. 0001 and 0. 001, such as
0. 00068, are set in the portion between 10-4 and 10-3,

With care, settings to two significant digits may be approximately
made, There is some loss of accuracy, but the decimal point in the
answer is obtained along with its first one or two significant figures.

5.6 Have students work problems that involve combined operations.
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Helping students
become acquainted
with the A and B
scales

This section may be deferred until after the CI scale has been in
One authority suggests teaching the use of the A and B scales

even before multiplication with the C and D scales has been taught.
The argument for this is that finding square roots by ordinary ari
is difficult, but by slide rule is easy.

Thus, an advantage of the slide rule can be shown effectively at the
On the other hand, the A and B scales are graduated differently
from the C and D scales, and other more serious difficulties

in reading scales are also 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
find sguares and square roots.

1.

1.1 Have the students set the hairline over 2 on D and read its
square, 4, on the A scale. Then move the hairline to 3 and read 2 oa
A. Generalize to the rule that the square of any number set on D may
be read on A, and conversely.

Have the students set the hairline over 2 on A and read its square
root, 1.41, on D. Also, move the hairline to 3 on A and read v/for
1.732, on D. Point out that finding square roots is easy when a slide
rule is used.

1.2 Help the students see that the A scale is similar to the D scale
but is reduced in length so that there is an index at the midpoint of
the scale. Thus, if the left-hand index is read as 1, this middle indsx
may be read as 10, and the right-hand index will then be read as 100,
If the left index is read as 100, the middle index would be read as
1000, and the right index as 10, 000.

- The shorter sections make it necessary for the graduation system &9
be altered. Teach students to read the A and B scales using methods
similar to those suggested earlier for the C and D scales.

1.3 Tell the students that the A and B scales are useful in comb
operations. Use simple examples such as 2V9 and 3V2 to illustrate
principle. To find 2V9 have the students set 1 of C aver 2 on D, then
move the hairline over 9 on B, and read the answer 6 on D. Show how




Helping students
make decisions
relating to decimal
point location

this setting of the slide gives 2 times the square root of any number set
on B.

Next, use simple examples such as 2 x 32 and 4 x 72 to show how to
do examples of the form a x 9_2. Have the students set 1 of B under 2 of
A, then move the hairline to 3 on C. They can then read the answer 18
on A. Generalize the procedure so they see that when an index of D is
set under a on the A scale, and the hairline is moved to b on the C
scale, the product 392 can be read on the A scale.

2=

Once the general ideas are established by methods such as those sug-
gested above, special attention must be given to reading the scales and
to decimal point location, especially in finding square roots. Two
methods are suggested. First, help students see that if a numeral has
an odd number of digits (as, for example, 4, or 800, or 20,000), the
setting to find the square root should be made on the left-hand section
of the A or B scale. If the numeral has an even number of digits (as,
for example, 16, or 2500, or 500, 000), the setting to find the square
root should be made on the right-hand section of the A or B scale.

Figure 16
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The squore roct of ¢ rumber located on the A (or B} scale

is found below ca the D |or C) scole.

2.1 The easiest way to approach this is to think of the numeral in
“periods" of 2 digits each, counting both ways from the decimal point.
For example, for the numeral 3820000, the separation 3'82'00'00
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 the
decimal point in the numeral for the square root as there are periods
in the given numeral. In the case of the example, then, the square
rool is 1954.

On the other hand, in the case of fractions we can count the number
of zeros between the decimal point and the first significant digit.
Thus, 0.00°02'5 has 3 such zeros, and so to find the square root 25
would be set on the left section of the A scale. The square root is
0.01581, where one 0 must be inserted at the left of the first signif-
icant digit to locate the decimal point, This one 0 corresponds to the
period '. 00" in the given numeral.
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However, the numeral 0.00'00'25 has 4 zeros, so the right-hand
section of the A scale is used. The square root is 0.005, in which
two placeholder symbols "00" are used, one for each of the periods in
the original numeral:

0.000025 = 0,005.

2.2 A more fundamental and more difficult approach uses the
powers-of-ten notation. After the numeral is wrillen in standard
form, it must sometimes be adjusted so that the exponent is an even
number. To find the square root of 3, 820, 000 we write 3. 82 x 106,
and we can find the square root of 3. 82 by using the left section of
the A scale. The result, 1.954, is then multiplied by 105, in which
the exponent 3 is 6+ 2. Thus, 3,820,000 - 1.954 x 103 or 1954. W
general, the exponent must be divisible by 2.

Now to find 382, 000 we first write 3. 82 x 105. However, this
must be rewritten in the form 38.2 x 104, Now 38.2 is found by
using the right section of the A scale. Thus, one obtains 6,18 x 102,
or 618, as the result. Similarly, to find 0.00025 we write 2.5 x
10'4, and (using the left section) obtain 1. 581 x 10'2, or 0,01581. But
to find 0.000025 one must change 2.5 x 10~ to 25 x 10~% and obtain
(using the right-hand section of the A scale) 5 x 10'3, or 0.005.

2.3 The readjustment of the standard form described in 2.2 re-
quires thought and care. Students who are sufficiently advanced may
not find the method very difficult to understand and learn, but many
junior high school students will find it far from easy. For them, and
in fact in most practical work, the data should normally be such that
the determination of which section of the scale to use and the location
of the decimal point in the answer may usually be made by "common
sense™ estimates. On the other hand, if sufficient time is available,
instruction in the adjustment of the "scientific notation” can readily be
justified for students who are at all likely to go on to scientific or
technological work of any kind.

The rather mechanical procedure will be better understood if the
students examine a table of squares and observe how the number of
digits in the square varies with the number of digits in the given
number. Thus, "one-digit numbers" have squares of either one or
digits: 32 = 9, but 32-=16 m going from a given number to its
root, then, the "period" device is a sort of mechanical means of
indicating how many digits (or zeros to the left of the first significant
digit) there will be in the square root.

2.4 If convenient, show the film The Slide Rule II (A and B Scales).
1 reel, 16 mm., sound, 21 minutes. B & W, Castle.

2.5* I "Powers-of-Ten" scales A+ and B* are available, show the
students how they can be read for finding squares and square roots.
With these scales none of the usual difficulties in deciding whether
left-hand or right-hand sections of the A and B scales are met. The
location of the decimal point is given by the scales. The range of As
and B* 1s from 1072 to 1020




Teaching students to use the K scale

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

1. Help the students learn that the K scale is used for cubes and
cube roots. Have them note it has 3 sections, and if the left index is
read as 1, the others represent 10, then 100, and finally 1000.

2. Help the students learn to read the scale.

3. Help students solve examples, such as 3 ?/8— Some slide rules
place the K scale on the slide. If so, it is read against C. Others
place the K scale on the body of the rule. If so, it is read against D.
Most slide rules have either one or the other of these arrangements,
and this limits the flexibility of operation. One model has a K scale
on both slide and body, and this model has flexibility in combined
opcrations with cubes and cube roots that is comparable to the situa-
tion for squares and square roots.

4. Teach some method of decimal point location very carefully,
Periods of three digits (or zeros) can be counted off in a fashion
similar to that used for square roots.

An adjustment of the standard form can be made so that the exponent
is divisible by 3. Thus, to find\> 45700 we write 4. 57 x 10% = 45_7 x
103. Use the middle section of K to get 3.58 x 10, or 35. 8 for the
result.

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

automatically over .5 on CI. When it is over 4 on C, it is over 0.28

The material discussed in this section could be introduced much

than its appearance in this outline might suggest.

However, beginners can casily become confused in using the CI scale
For this reason it is best to defer teaching it until after the students
have gained some confidence in using the more basic scales.
In this section the paragraphs indicated by a star (e.g., 3%)
apply only after Section VI has been taught.

The students will undoubtedly have noticed the CI scale and may
asked what it was used for. Tell them they will now learn what it is
used for and why it is very convenient to have on z slide rule.

1. First, make sure the students sce that the CI scale is like the
ordinary C scale except that the graduations and numerals are read
from right to left, instead of in the other direction. Have them mowe
the hairline along and read some of the graduations,

2. Next, remind the students of the meaning of the term recip
If they are not familiar with the term, tell them that two numbers
whose product is 1 are called reciprocals; for example, 2 and 1/2,
2 and 0.5, are reciprocals. Call for other casy examples.

3. Have the students move the hairline over 2 on C and notice it

on CI. Also have them read from Clto C. Be sure they understand
that the reciprocal of any number set on C may be read on CI, and
conversely. Have them practice finding the reciprocal of a given
number.

3.* I "Powers-of-Ten" slide rules arc available, have the _
notice that C+ and CI* give reciprocals with decimal points located.
Thus, if the hairline is placed over the graduation for 500 on C*, i
will also be over 2 x 10'3, or 0.002, on CI*,

4. Next, give an example such as 2= 8. Have the students notice
that when 8 on C is set over 2 on D, the slide "sticks out” rather far



to the left. Show them that this can be avoided by using the CI scale.
That is, have them notice that 2 = 8 = 0.25 is the same as 2 x ()
=0.25. In ;,enerdl help them see that a divided by b can be replaced
by a multiplied by < that is, by a multighed by the reciprocal of b.
Have them setlof ~C over 2 on D then move the hairline to 8 on CI
and read 0.25 on D. Call attention to the fact that usually the slide
does not need to be moved so far to do an example this way. Give an
ample set of examples for practice in the use of the CI scale.

5. Have the students observe that 2 x 8 can be replaced by 2 = (1),
and, by use of similar examples, have them make the generaliza-
tion that a multiplied by b can be replaced by a divided by the
reciprocal of b. Have them set 1 of C over 2 of D, and notice that 8
of C falls "outside the rule." Show that it is not necessary to move
the slide end for end. Instead, set 8 on CI over 2 on D and under 1 of
CI read 16 on D. Thus multiplication by 8 has really been replaced
by a division by 1/8.

6. Finally, show how combined operations can be simplified by re-
writing them using reciprocals. For example, consider

o el

3.26x2.43  3.26

Work this out on the slide rule by two methods.
First method:

Set 326 on C over 151 on D.

Move hairline over 1 of C.

Move slide so that 243 on C is under the hairline.

Under 1 of C read 19.05 on D,
Second method:

Set 326 on C over 151 on D.

Move hairline over 243 on CI.

Read 19. 05 under hairline on D.
Have the students notice that in the second method using CI only one
setting of the slide was needed. Point out that this method is not only
easier and shorter, but also reduces the possibility of error in re-
setting the slide.

6.* Show students how to use CI* in combined operations.
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Helping students
uvnderstand
what a logarithm is
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Teaching students the meaning of logarithms, how to find
logarithms, and how the L, C, and D scales are made

In this section it is assumed that the students have not studied logari
before instruction on the slide rule is begun.
In this case, the slide rule itself makes

an effective learning aid for the introduction of logarithms.

The ordinary slide rule is constructed by making use of logariths
and its rules of operation are based upon corresponding principles &=
the theory of logarithms. The slide rule can be used as a learning
to teach students some ideas about logarithms. Or, more fundamen-
tally, if students understand logarithms, this understanding con :
to a basic understanding of the slide rule.

35

1.1 Tell students that the term logarithm is another name for ex-
ponent. Remind them that the exponents they have thus far con-
sidered have usually been integers--that is, positive or negative
numbers, ™ and zero. Ask them what they think a symbol such as
3 or 109- 301 might represent. After discussion bring out that &=
cases such as these, where the set of numbers used as exponents
been extended, the term logarithm is frequently used.

1.2 Tell the students to assume the left index represents 1 = 10%
Then, the right index represents 10 = 101. Ask them, “"What does &5
graduation labeled 2 represent, expressed as a power of 102" Ing
words, this question calls for the solution of the cquation 2 = 10%.
Ask, "What number must we use as the exponent of 10 to get 22"
Bring out that a number between 0 and 1 is being sought. Explain &&=
mathematicians have a method of calculating this number, and that &



0.30103 carried to six significant digits. In similar fashion, the
exponent of 10 which produces 3 as the power is 0. 477121. We say,
"The logarithm of 3 to base 10 is 0. 477121." This is abbreviated by
writing log 3 = 0. 477121. Other logarithms are given in the table. In
general, if :

102 = b, then log b =a.

Short Table of Logarithms

Number 1 3 & 5 6 T 8 9 10
Pt;wer of 100 100. 301 109. 477 100. 602 100.699 100. T78 100. 845 100. 39038 100. 954 101
en
Exponent
or 0 0.301 0.477 0.602 0.699 0,778 0.845 0.903 0.954 1
Logarithm

Helping students
find logarithms
by slide rule

Helping students

understand
how the Cand D
scales are made

Figure 17

2.

Call attention to the L scale on the slide rule. On some models it is
placed on the slide and is read with C. On other models it is placed on
the body and read with D. Point out that it is 2 uniform scale and can
be used to measure distance. Point out also that it is graduated in
tenths, and that these marks are labeled .1, .2, .3, ..., and the
decimal points are shown. It is also graduated in tenths of tenths, or
hundredths, but 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. G98, etc.

3.

3.1 Remind the students that log 2 = . 301. Have them place the
hairline over .301 on L and observe that on the C (or D) scale the cor-
responding mark is labeled 2. Similarly, opposite . 477 on L is the
mark 3 on C (or D). Explain that this is the way a C sc¢ale is made.
That is, for example, one can start by measuring . 301 units on L,
then putting a graduation at that point on C and labeling this with 2.
Similar measurements on L using values from the table of logarithms
can be used to locate the other primary graduations on C (or D).

! T N T
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3.2 Bring out clearly that if the logarithm is given and its gradua-
tion located on L, the numeral for the corresponding number can be
read from C (or D). Conversely, if a number is given, its logarithm
can be found. The graduation for the number is located on C (or D),
and the corresponding mark on L is read to determine the logarithm.
If time permits, have the students make 2 C scale on paper.

3.8 Next, explain that the secondary graduations on C (or D) are
located by similar methods. For example, the logarithm of 1.5 is
calculated to be 0.176. The graduation for 1.5 on C (or D} is placed
opposite the graduation for 0.176 on L. This process could be con-
tinued indefinitely, but the graduations would soon become very close
together.

3.4 Finally, remind the students that when 2 numerzl is in s
form, it has one factor which is a number between 1 and 10.. The
graduation for this factor can be located on the C (or D) scale. ks
logarithm is always a decimal {raction,

The other factor is a power of 10 which has an integral exponent.
For example, have the students consider 1.5 x 10Y. Have them write
1.5 in exponential fox;x:' 601 .g.x e 0.176 + y = 102 + 0.176.
Now have the students build a table of a whole set of numbers which
have 15 as the significant digits; thus

1, 500, 000 1.5x10% =100.176 ¢ 196 _ ,,6.176
150, 000 1.5x10° =100-176 ¢ 105 _ ;05-176
15, 000 1.5x10% =10%-176 104 _ ;4.176
1,500 1.5x10° = 100176 ¢ 193 _ 108.176
150 =1.5x10% =100-176, 102 _ ;42-176
15 =1.5x100 =100-176; 191 _ ;1.176
1.5  =1.5x10° =10%176 ; 150 . 40.176
0.15 =1.5x10"1=190-176 ; -1 _ ;140.176-1
0.015 =1.5x1072=100.176 4 19-2 _ 140.176-2
0.0015 =1.5x107% =100-176 , 14-3 _ 1,0.176-3
0.00015 = 1.5 x 10~ - 100-176 4 19=4 . ;(0.176-4

From this, help them see that changing the position of the decimal
point changes only the integral part of the logarithm or exponent. Be-
cause of this, the L scale can be used to obtain the decimal fraction
part of the logarithm of any number, ignoring the position of the point :
in the numeral for the number itself. Then, the integral part, which g
usually called the characteristic, is found by counting in the same way
as is done when one writes the numeral in standard form. The char-
acteristic is the count. The decimal fraction, or mantissa, is
from a table, or from the L scale.



3.4* I "Powers-of-Ten" slide rules are available, the students
should observe that the L* scale has range -10 to 10, whereas the L
scale has range only from 0 to 1. When 2 number is set on D%, its
logarithm including the characteristic is read on the L* scale. Thus,
under 2 x 10% on D* one reads 4.3 on L¥. Conversely, if one has the
logarithm and locatcs its graduation on L#*, the numeral for the cor-
responding number is readable on D* in standard form. Thus, if the
logarithm is 6. 477, one finds 3 x 105, or 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 S scale

It is assumed that most high school classes
will not have time enough available for instruction on slide rule methods
to enable the students Lo acquire any real competence

in using the 8, T, and ST scales. Hence, only a brief outline

Is presented here. In casc adequate time is available,

instruction on the use of the slide rule in trigonometric calculations
can be greatly extended. In such cases the instructor

will usually have many ideas of his own

as to how the material may best be presented.

The trigonometric scales S, T, and especially ST, are not provided
on some slide rule models. They are, however, very valuable for
types of problems, and, if time permits, students should be given
help in learning to use them. Needless lo say, this is not desirable
unless the students are already familiar with the trigonometric fun
named "sine™ and "tangent. "

1

1.1 Tell the students to examine the scale labeled S and observe the
numerals. All § scales have a set of numerals thal start with 6 and
continue through 7, 8, 9, and 10. Thereafter, 15, 20, 25, 30, 40, 50,
60, 70, and 90 are customarily shown. Explain that these numerals
represent the measures of angles in degrees.

Some S scales have numerals for the complementary angles also
beside the same graduation marks. Have the students observe that for
these numerals the sequence increases as read [rom right to left.

1.2 Have the students set the hairline on the graduation for 30 on the
S scale, reading right to lefl. They can then rcad the corresponding
function-value on C. It is 0.5, since sin 30° = 0.5. Have them read
other values in this way, and check by means of a table of the sine
function. Also, have them find the angles corresponding to given func-
tion values, and check with the table. Poinl out that all function values
for this scale are in the range from 0.1 to 1.



Helping students
become familiar
with the T scale

1.3 Show the students how to use the S scale in combined operations.
For example, to find 3 sin 30° by setting the right-hand index of C aver
3 of D, move the hairline over 30 on S and then read 1.5 on D.

1.4 Explain to the students that cosine function-values may be read
by using the set of numerals for the complementary measures. Follow
the same procedure as was used for the S scale.

1.5 Call attention to the ST scale if there is one on the slide rules
available. Have the students observe that this scale has graduations
and some numerals for angle measures ranging from 0. 57° to 5.7°,
and, hence, is a continuation of the regular S scale for smaller angle
measures. Show, by methods similar to those suggested above, how it
is read and used. Be sure the studenls know that function values read
on C (or D) are all in the range from 0.01 to . 1.

2.

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
45°. However, with this scale they can continue finding values of the
tangent for angles in the interval 45° to 84. 3° by reading the set of
numerals on the left of the graduation marks. The angle values in-
crease now from right to left, and the corresponding tangent function-
values are read from the CI scale. Have the students first check
familiar values, such as tan 60° = 1,732, then check others with a table.

2.2 Explain that the sine function values and tangent function values
for small angles are nearly the same, so the ST scale is used for
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

Helping students
understand

how the slide rule
mechanically
adds or subtracts
logarithms

Figure 18
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The material in this section should be easy for students

who have studied logarithms previously. This section, then,
provides suggestions for a theoretical type of introduction

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

as a rule, wise for the majority of students.

Later some students may be interested in the theoretical principles.
These students, and mathematically-talented students generally,
will enjoy finding scale formulas as suggested here.

This Teaching Guide does not include comments on log log scales

and other more advanced types of scales. These scales
are rarely taught in high schools, and when they are,
the teacher is undoubtedly a slide rule "fan"

who does not need any special sugrestions.

When students know what a logarithm is, and also the rules for
operation when using logarithms, the basic principles of the slide rule
can be explained rather easily.

1

1.1 Review with the students the meaning of the term logarithm (a
special name for an exponent) and the definition for base 10. That is,
if 102 = b, thena = log b.

1.2 Review the two basic rules for operating with logarithms. If
mn = p, thcnlogg+logg= log p.
¥ m/n « g, then log m - log n = log g.

1.3 Remind the students that the L scale is a uniform scale suitable
for measuring. Also, have them recall that it provides logarithms of
numbers whose graduations are located on C (or D).

LEFT NDEX
ON C 5CaLs

Length for log 3 on C wcole
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Helping students
understand

the basic 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 3 = . 477, which is the distance from 1 to 3 on C, and obtains under
the hairline the total distance 0.778 on L. Since this distance is the
logarithm of 6, one can read the product on D. Have them explain
several examples in this way.

1.4 Have the students make some settings for easy divisions (for
example, 8 = 2 = 4) and explain how the result is obtained by sub-
tracting logarithms mechanically.

2.

2.1 If time permits, introduce the idea of the scale formula. This
is a formula for the distances to be measured in graduating a scale.
For the D scale, the formula is d = M log n, where M represents the
number of inches or centimeters of scale length to be provided, and
np is the number whose numeral will be placed d units from the left
index of the D scale. Thus, for a 10-inch scale, d = 1€ log np,. For
n=3,d=101log 3 =10 x 0.477 = 4.77 inches. Have the students use
a table of logarithms to calculate other values 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 hairline equalizes the distances for, say, the
D scale and A scale so that

M log npy = (M/2) log ny)

or log npy = 1/2 log ny
- bghm = log n,.
Hence, Dp = Dy

In words, this means that for any setting of the bairline, the number
on the D scale is the square root of the corresponding number on the
A scale.

2.2 Some students may be challenged to construct the scale
formulas for other scales and prove the relations that exist between
various scales. For example, for the K scale the formula is

d = (M/3) log ng.
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For Schools, Industry and Business. This is probubly the world's
mast popular trigonometric slide rule. Tt is standard for schools.
There are 17 scales with C, D, and DI on both sides, plus CI,
All trig scales are on the slide. Red and black numerals color code
direction and relationships. This is reconunendad xs a “lifetime™
purchase for students, businessmen and shopworkess who do not
require log log scales,

Model N1010ES (Eye-Saver Yellow); or N1010T (White)

with Leather Case and Instruction Manual

DIAL RULE CIRCULAR
SLIDE RULE 414" Diam.

For Shop, Desk and Techni-
cal School Cours=s. This
quality instrumeal s complete
with 16 basic scales for the
solution of problems in multi-
plication, division, logs, trig,
rools and the addition and
subtraction of fractions. Drill
and thread relationships, met- |
ric conversions, and a table
of decimal equivalents are in-
cluded for convenience. This
type has long been a standard
in schools and industry.

Model N101CR (Eye-Saver
Yeliow)

with Texon Case and
Instruction Manual

Front
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DEMONSTRATOR SLIDE RULES. Constructed especially for classroom use, Pickett Demonstrator Slide Rules
are made of treated plywood and finished in Eye-Saver Yellow for excellent visibility characteristics and distant
reading. They can be suspended [rom wall or ceiling and are lightweight cnough to be casily handled by the
teacher for instruction at 2 desk. Metal end-plates are adjustable. Special plastic inserts- provide casy slider
action. The window is a hard-faced plastic with a clearly defined bawdine. The Demonstrators duplicate both
sides of the Guaranteed Pickett Shide Rules used by schools and colleges.
Three models are available in both the 4-ft. and 7-ft. lengths (N4, N803, and N10710 with Ln scale added ).
A 41 Demonstrator (S15 value) can he obtained free of cost with the purchase of 24 or more Pickert All-
Metal Slide Rules. A 7-ft. Demonstrator (S25 value) can be obtained free of cost with the purchase of 24 or
more Pickett Models, N1010, N1011, any Log Log and All-Metal Pocket Size Slide Rules.(Offer subject to changs)
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VECTOR TYPE LOG LOG DUAL BASE
EXPONENTIAL SPEED RULE
10" Scale Sections, 2™ Body

Front

For advanced Mathematics, Science, Electronics and Engi-
neering. This superb compuling instrument is undoubtedly the
world's most powerful slide rule. There are 34 scale sections func-
tionally grouped for speed and accuracy that include 80-iach LI
scales, e-23 to ¢ and 10 110 100, plus L and the new La (Expo-
neatial) seale. To minimize steps, C, D, and CI are on both sides,
TT, ST. S. Th and Sh are all on the slide, and the Tog Log,
DF/M. L and La all on one side. In addition to the extcaded
Tog Log. there are 30-inch Cube/Cube Rool, 20-inch Square/
Square Root and 20-inch T scales. Red and black numerals color
code direction and relationships.

Model N4ES (Eye-Saver Yellow); or NAT (White)

with Leather Case and Instruction Manuals

DUAL BASE LOG LOG SPEED RULE
10" Scale Sections, 114" Bady
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For Mathematics, Science and Engineering. Model N803 has
28 scales functionally grouped for accuracy and convenience that
include Log Log scales to Base ¢ and Buse 10. The 80-inch Log
Log range is .00005 to 999 and 1001 o 22,000, C, D, and C1
are on both sides, all trig scales on the dide, Log Log scales all
on one side. The Square/Square Rool scale s double’length. Red
and black numerals color code direction and relationships. Model
NB8OO is 1 simplified 22 scale Base 10 version of Model NSU3,
accepted as standard in colleges, high schools and industry. This
Model is duplicated in the 6-inch pocket size N6OO.

Model NS8O3ES (Eye-Saver Yellow); or N803T (White)
with Leather Case and Instruction Manual
Model NSOOES (Eye-Saver Yellow); or N80OT (White)
with Leather Case and Instruction Manual

/e ADVANCED MODELS

POWERLOG DUAL BASE
EXPONENTIAL SPEED RULE
10" Scale Sections, 2~ Body
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For Mathematics, Science and Engineering. There are 32 scale
sections on this model functionally grouped for convenience,
speed and accuracy. The 80-inch Log Log scales have a range
from 00005 to 999 and 1.00! to 22,000, The Ln scale puts
¢xponents and logarithms to base ¢ directly into combined opera-
tions. C. D, and CI are on both sides, TT, ST and S are all on
the slide, and LL, L and Ln all on one side. In addition 1o the
extended Log Log, there are 30-nch Cube/Cube Root, 20-inch
Square/Square Reot and 20-inch T scales. Red and black oumer-
als color ¢code direction and relationships.

Model N3ES (Eye-Saver Yellow); or N3T (White)
with Leather Case and Instruction Manuals
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LOG LOG POCKET SIZE SPEED RULE @

5" Scale Sections, 1* Body
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For Mathematics, Sclence and Engineering. This is 2 complete
Log Log rule in convenient-to-carry. pocket-size. Its 22 scales
inchade 30vinch Log Log, C-D oa both side, plus CT and DI. Func-
tonal grouping, with all rrig scales on the shide and back-to-back
synchro-scale arrangement, aids speed and accuracy. Red and
black numerals color code direction and relationships. This com-
plete duplicate of Model N800 is extremely popular with students
and men “on the move”

Model NG6OOES (Eye-Saver Yellow); or N6OOT (White)
with Leather Case and Instruction Manual




n@W) BASIC & SIMPLEX MODELS
X7

SIMPLEX RULE
10~ Scale Sections, 114" Body

SIMPLEX TRIG RULE
10" Scale Sections, 134~ Body
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Front Hack

This model & useful as a learning 100l and for simple problems
in proportion, percentage, multiplication and diviston. However.,
its simphicily does not reflect less quality. This is an all-metal
slide rule made to the same high standards of Pickell sccuracy
and permanency. The 7 hasic scales are all on the front face. On
the back are definitrons, instructions, and a table of equivalent
settings for handy reference,

Model SO1ES (Eye-Saver Yellow); or NSO1T (White)
with Texon Sheath Type Case and Instruction Manual,

TRIG and CONVERSION RULE
10" Scale Sections, 134" Body
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This is & mult-purpose slide rule designed for accuracy and con-
venience in the solution of everyday problems in trig, basic com-
putation and conversion. On its face are 10 standard and trig
slide rule scales. On the back are positioned 60 Conversion Fac-
1ors commonly occurring in school and technical work (an
exclusive Picketr feature) plus & table of eguivalent settings.

Model N9O3ES (Eve-Saver Yellow); or NOO3T (White)
with Texon Sheath Type Case and Instruction Manual,

APPROVED PLASTIC TRIG RULES
10" Scale Sections, 1%:" Eody
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10-inch Trainer Rule of solid laminated plastic with cnd-plates.
The unbreakable cursor is 3 umnizad saxembly. Nine basic en-
graved scales: K, A, B, S. T.CL.C. D, anc 1_

Model 120 (White);

(with Sheath Type Case and Instruction Manual)

10-nch Shde Rule, identical to Model 120, plus Standsrd Con-
version Faciors os other sade. Scale gruduations are accuraze and
emfommly cngraved.

Model 121 (white);

(with Sheath Type Case and Instruction Manual)
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Front

For Senior and Junior High Schools. This is i widely used com
plete and basac shide rule for the solution of problems involwi
ingonometry as well as those 1n multiplication, division, proposs
ton, etc. The 8 basic scales arc on the face for simplilicd opes
tion. On the back are instructions for muluplication, division
finding logarithms and solving problems in trig plus conve e
factors and equivalents. This is an all-mesal rule practical for
schools and idusiry made to the hizh standards of Pickert qualing
and accuracy. A

.Model NSOZES (Eye-Saver Yellow); or N9O2T (White)

with Texon Sheath Type Case and Instruction Manual,

TRIG and EXPONENTIAL NOTATION RULE
10~ Scale Sections, 114" Body
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Thus “decimal keeper™ slide rule is & Pickett origination for e
cation. It cnables students to master the idea of exponents
terms of magnitude and the basics of decimal point locating. Os
the face arc 9 basic and trig scales. On the back are 9
powers.of-ten scales which graphically demonsteate the p
ples of exponents and “decimal keeping” Special instructions B
Dr. Maurice L. Hartung, Professor of the Teaching of Ma
maucs, The University of Chicago.

Model NSO4ES (Eye-Saver Yellow); or N9O4T (White)
with Texon Sheath Type Case and Instruction Manual,

POCKET SIZE TRIG RULE
5" Scale Sections, 1 Body
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This is & convenient-to-carry pocket size trig rule for the so
of everyday problems. It has the same superb quality nd
racy that Pickert all-metal slide rules are fumed for, The 7
scales are on the face, with the three 1rig scales on the bac
the slhider. This model s widcly used by students, busine
and sbopworkers who prefer a simplificd and handy shde

Mode! N200OES (Eye-Saver Yellow); or N200T (White)
with Leather Pocket Clip Case and Instruction Manual,
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for Teachers, Students and Experienced Users
RULES MOST USED TODAY BY: MODELS FOR VARIOUS FIELDS
Most used Models noted in BOLD FIGURES,
: SALES POPULARITY HIGH SCHOOLS COILEGE INDUSTRY TRADE SCHOOLS aovT BUSINESS | 'Nate: Prefix "N, os on Madlel “NE.ES” omitted cn oll mode's for sasler refarance. )
{18t Models 902 4 400 1010 4 1010 __l06_100
| 2nd  Models 1010 1010 1010 4 1006 902 e 5| 3
| 3rd Models 4 600 902 600 | 600 600 * TECHNICAL SCHOOLS w4 Bk
| 4th  Models 8OO 800 4 800 | 800 800 and FIELDS of WORK RULE ‘§ i SIMPLEX
* POWERS-OF.TEN SCALES ® BASIC FIELDS OF SCIENCE X £ 2
LOG LOG RULES (RS e (PEEF)T ] BIOLOGY: and Related Fields | g o
Sl hiated N4 N803 : o%";°3o sm?!wd N904 N902 120 CHEMISTRY: snd Related Fields o L A
: YectorType OvolSeose tandar TRIG & | SIMPLEX TRIG . i i )
in easy-to-use | duobere | LOG LOG [SPEED RULE| TRIG and | POWERS. | TRIG | TRAINER A raoasy, ey, oot o L - et
SCALE GROUPS |<L00 LOG ISPEED RULE| 1 yeisive | pocker sise | OF-TEN iMode o LTt T T THANE
SREED MK Model N6GD | Madel 1056 | SCALES* plew o MATHEMATICS - oo " | 100
planere)
34 SCALES | 28 SCALES | 22 SCALES | 16 SCALES |18 SCALES [B SCALES 9 SCALES » BASIC FIELDS OF ENGINEERING
c.D () c.D c.0 co cor| co c.0 CHEMICAL: and Related Fields ol L I+ 10349, wo.
BASIC <l < < cl a a <l cl CIVIL: and Related Fields o B el R
ol o ol ol FLECTRICAL, ELECTRONICS; and TR B0 ] T wa
FOLDED DFr CFz |DFy CFx | OFw CFw | DFx C#er Belated Fields [ :gﬂ
. ¥ 1000, w3, %4
CIF CIF CIF CIe INDUSTRIAL: e | 500, e | 1006
¥ [Squere Rosd; v (20-in.d Vv (20-0n.) MECHANICAL: and Related Fields
v (Cubs Root) ¢ 130:in.) Hydraulics, Thermodynamics, 10 4 BIO, we | 1010, 304, 20
ROOTS ' 4 Acronkutics, Fluid Mechanics, [ G0, »e | 1006
o A-B A-B AB AB AR* A8 AB Potroleum Engr. L
POWERS K K X K K K " * PRODUCTION AND NON.TECHNICAL
: ENGINEERING AIDS, DRAFTSMEN, | 100 | 43 | su 1040, w02 w1
T T T 1 T T T T SURVEYORS, and MACHINISTS & 80 006, 0
TRIG ST ST ST SI ¢ ECONOMICS AND BUS, MANAOIME!
$ 5 s s §.8%|ixc $ ACCOUNTING: F;]m
.  INSURANCE and FINANCE: 1008, .
[ ——————————— .
| rmon & QUALITY CONTROL. v
il , 1 -
™ ' ] e N
L) i
010w
N Toohwiieal L » o | |0
100 | ooma | a0t00 | 0] wise
T * SECONDARY SCHOOLS 5 i e
Ao M
u«.u;‘scms * Provides u New Range: Zore to infinity.
l!z '"030'?'%’;.%0 ::; < * Oives 3 and 4 place secowrasy. ELEMENTARY SCHOOLS R nw | o1z, 501, 13
o L2 L '
= * Glves Loparihas o Raa . WALL DEMONSTREATOR SLIOE RULES,
VECTOR ™ Simplifies solution of the most complox Tor Collepes, Mackels NA or NS0); Fze Secondary Scheels, Models NS or N1OTS
HYPERBOLIC S T probloms invelving expenentials. d
*Used by ond recommended for most all Secondary Schoel teaching




PICKETT

ALL-METAL SLIDE RULES

THESE ARE THE REASONS FOR PICKETT PREFERENCE

1) ALL-METAL CONSTRUCTION Pickets Slide Rules arc dimensionally stable. Regard.
less of heat or cold, dry or damp, they never warp or stick. Smooth operztion 15 assured
in =l climauc conditions.

2) EYE-SAVER “5600" YELLOW COLOR Ihe exclusive Pickert yellow-green finish
makes it easy Lo read scales, even in bright sunlight. Eye-fatigue 15 sharply redoced and
visual securacy improves. White finish s also available on most models.

3) MICRO-DIVIDED SCALES Precision to =2 microns (0157 inch) mukes Pickett
Al Metal Slide Rules “The Worlds Most Accurate”

4) FUNCTIONAL SCALE GROUPING Scules arc positroned o as 10 provide guick solu

tons 10 problems through & minunum of steps or operations. Trig scales are always on
the slide: extended Loz Log scales are on one side; extended rool scales v and ¥ are on
upper bar for most efficient nse.

5) SYNCHRO-SCALE DESIGN Maled scales are “back-to-back™ o the eyes more casily
focus on the correct scale. This convenient arrungement aids quick reference and easy
reading.

6) EZE-SLIDER TENSION SPRINGS Spring tension is maintained at both ends 10
assure smooth operation in any climate throughout the lengrth of the slide rule, with
minimum adjustment.

7) NYLON CURSORS End-bearing cursors always function smoothly, The special
Tyril plastic window has @ super-sharp handine, 5s extremely durable and provides clear,
distortion-free reading.

8) TOP GRAIN LEATHER CASES The 10-inch slide rule cases have a formed plastic
protective liner; the G-inch slide rule cases have a leather jackesed spring steel pochet
clip and EZ.Out pull tab. All of these are Pickett innovations that enbance the value
of treated, select leathers.

PICKETT SLIDE RULES ARE THE WORLD'S FINEST

EYE-SAVER 5600" YELLOW
makes graduations and legends . o pvS
ey to sexd even in bright san.
ighe as the reflection of reds and
bloes i redoced. White reflects all
the colars of the spectram.

SLIDE RULE GUARANTEE
No. 927526

Congracedatiora on your selection of = Pickent All
Metal Slide Kule. It is yours for a Eetime; = con-
staztly accurate and dependable aid te your progress.

3 guxrarboc i an uncvaditicasd e that asy
mbp«urm&mmhvlb«ﬂqiﬂuﬁ ner for casms

METAL CONSTRUCTION re-
taima ifs AcCuracy permanencly.
Wood temdx o shrink, swell and
diviort ander extremes of heat oF
Srrmaclity.

i
EZE-SLIDNER Tenxion Springs
gzarzucee smooth operation
throasghout the loapth of the slade
rule.

SUPERB LEATHER

Ml CASES Beautiful top-
£maln Jeather cases are
compesions to quality

Pickest Siide Rygdes 10~
inch cases have o plastic
protective timer. Six-
inch cases have 3
pocket clip and

inaties. and found defactive in materials, work.
mamiip, wearety of dimenslonal sabiity will be
promptly serviced or replaced.




