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Teaching of a Slide Rule in Secondary Schools.
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FI1E
xt+dy 1 dx 1

dx| x 10810 (—:IH-J;‘L) ’nlogw ( - x ) (m ) 77110g10 ( x“_;:dx ) (’_7%) mlogm ( x-::‘,x ) (;n_n—z)

* m=125 m=200 |m=250] m=128 m=200  (EOWOE) | m=250 m=125 | m=200 | m=250

100/ 0.00432137376250. 54017 (0.66427475651.08034 | 1.85127 1157039463 | 0.92563) 0.0185127) 0.01157039463  0.0092563
1.10] 0.0039302036285(0.49129 [0.7860587257(0.982575| 2.03547|  1.272169581 0'115129976 1.01773] 0.0203547| 0.01272169581|  0.0101773
1.20| 0.0036041242688(0. 450525(0. 7208248538/0.90105 | 2.21963  1.387299557 0'115129864 1.10082] 0.0221963| 0.01387299557|  0.0110982
1.30] 0.0033279433489(0.46599 |0.6655886698/0.831975| 2.40392|  1.502429421 0'115129778 1.20196 0.0240392 0.01502429421|  0.0120196
o.ga[1+40] 0-003091076977110.38639 (061621539540, 772775| 2.58807)  1.617569199 0'115129709 1.20404) 0.0258807] 0.01617550199]  0.0129404
" 11.50] 0.0028856882375(0.36070 [0.57713764750.72140 | 2.77239  1.732688908 0'115129651 1.38619] 0.0277239| 0.01732688908|  0.0138619
1.60| 0.0027058933759(0.33824 [0.5411786752(0.676475| 2.95650|  1.847818559 0'11512%06 1.47825| 0.0295650| 0.01847818559  0.0147825
1.70| 0.0025471890139(0.31840 [0.509437802 [0.63680 | 3.14070| 1.962048165 0'115129566 1.57035) 0.0314070 0.01962948165  0.0157035
1.80] 0.0024060697659)0.30076 0.4812139532/0.601525| 3.32488]  2.078077731 0'115129534 1.66244) 0.0332488] 0.02078077731|  0.0166244
1.90] 0.0022797662949(0. 284975(0. 4559532500(0.56995 | 3.50908]  2.193207265 1.75454] 0.0350908] 0.02193207265|  0.0175454
1.99] 0.002176919254300. 27211 0.4353838500/0.544225( 3.67495|  2.296823821 1.83748] 0.0367495 0.02296823821]  0.0183748
.00] 0.00432137378260. 540175(0. 864274756501, 08035 | 1.85125] 1157030463 o sastaonzg | 09753 005702501 0.02814078926(  0.0185126
2.20| 0.003930203628410.49129 [0.786058725710.982575| 2.03547]  1.272160581 0'115129976 1.01773) 0.0407094] 0.02544339162]  0.0203546
2.40 0.0036041242688|0.450525 0.7208248538/0.90105 | 2.21963|  1.387299557 0'115129864 1.10982] 0.0443926) 0.02774599114)  0.0221964
2.60| 0.0033279433489/0. 41600 |0.6655886698(0.83200 | 2.40385  1.502429421 0"115129778 1.20192] 0.0480770 0.03004858842]  0.0240384

o gpl?- 0| 0-00309107697720.38639 (0.61821539540. 772775 2.56807)  1.617559199 0'115129709 1.20404 0.0517614] 0.03235118398|  0.0258808
"13.00[ 0.0028856882375(0.36070 [0.5771376475(0.72140 | 2.77239  1.732688908 0'115129651 1.38619] 0.0554478] 0.03465377816|  0.0277238
3.20] 0.0027058933750(0. 33824 [0.5411786752/0.676475| 2.95650|  1.847818559 0'115129606 1.47825) 0.0591300| 0.03695637118|  0.0295650
3.40| 0.0025471890138(0.31840 [0.5094378028]0.63680 | 3.14070]  1.962948165 0'115129566 1.57035) 0.0628140| 0.03925896330  0.0314070
3.60! 0.0024060697659/0.30076 [0.481213953210.601525 3.32488)  2.078077731 0'115129534 1.66244 0.0664976| 0.04156155462]  0.0332488
3.80{ 0.0022797662949/0.284975(0. 4559532590(0. 56995 | 3.50908] 2.193207265 1.75454 0.0701816| 0.04386414530]  0.0350908
3.98| 0.0021769192543(0.27211 [0.4353838500(0.544225) 3.67495|  2.296823821 1.83748 0.0734990| 0.04593647642|  0.0367496

2%
1 Ax
mlogio A+Ax) (mm) s+Ax (1 2+ Ax 1

x| o flogu(2TAY) () miogu 2450 (Z2) | m togu (228%) (S0
m:125‘m:200‘ m=250 |m=125|m=200|m=250| m=125 | m=200 | m=250
4.00 | 0.0053950 |0.474375 1.07900{ 1.34875 | 1.48285| 0.92678' 0.74143 0.0741425| 0.0463390| 0.0370715
4.50 | 0.0047989 10.59986 0.95978! 1.1997251 1.66705 1.04191| 0.83352| 0.0823525| 0.0520955| 0.0416760
5.00 | 0.0043214 10.54016 0.86424| 1.080325 1.85129| 1.15709( 0.92565 0.0925645| 0.0578545| 0.0462825
5.50 | 0.0039303 0.49129 | 0.78606, 0.982575) 2.03547| 1.27217| 1.01773 0.1017735| 0.0636085| 0.0508865
6.00 ) 0.0036041 :0.45051 | 0.72082] 0.901025 2.21969] 1.38731] 1.10985} 0.1109845 0.0693655 0.0554925
6.50 | 0.0033279 10.41599 | 0.66558 0.831975 2.40392 1.50245| 1.20194| 0.1201960; 0.0751225 0.0600980
0.05| 7.00 | 0.0030911 (0.38639 | 0.61822| 0.772775| 2.58808| 1.61755| 1.29404 0.1294040 0.0808775! 0.0647020
7.50 | 0.0028857 [0.36071 | 0.57714] 0.721425| 2.77229; 1.73268) 1.38615) 0.1386145| 0.0866340| 0.0692075
8.00 | 0.0027059 |0.33824 0.54118l 0.676475) 2.95650] 1.84781| 1.47825) 0.1478250| 0.0923905| 0.0739125
8.50 | 0.0025472 0.31840 | 0.509441 0.63680 | 3.14070| 1.96294 1.57035 0.1570350, 0.0981470 0.0785175
9.00 | 0.0024061 (0.30076 | 0.48122| 0.601525( 3.32488| 2.07805| 1.66244| 0.1662440; 0.1039025| 0.0831220
9.50 | 0.0022798 [0.284975 0.455%94] 0.56995 | 3.50908 2.19317| 1.75454| 0.17545401 0.10946585| 0.0877270
9.95 1 0.C021669 0.27086 | 0.43338 0.541725| 3.69191| 2.30744] 1.84594 0.1845955| 0.1153720| 0.0922980
4.00 | 0.0021641 0.541525 1.84664 0.0369328
4.20 | 0.0020632 0.51580 1.93874 0.0387748
0.02 4.40 | 0.0019494 0.49240 2.03087 0.0406174
: 4.60 | 0.0018842 0.47105 2.12292 0.0424584
4.80 | 0.0018058 0.45145 2.21508 0.0443014
4.98 | 0.0017407 0.435175 2.29793 0.0459586
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Summary

§ 1. Problems in Teaching of a Slide Rule

The teaching of a slide rule has been compulsory in junior and senior high schools since
1950, and yet many teachers are neglecting or at least trying to ignore it. Accordingly the use
of a slide rule is not popular in our society yet. The reasons for this fact should be as follows:

(1) It is rather expensive compared to a text-book.

(2) Those who are rich can get better ones than those who are poor, so it would be unfair in
the estimation of a test.

(3) Some teachers are not accustomed to the use of a slide rule or have few knowledge of it.

(4) It is not popular to use a slide rule usually.

(5} It is not contained in the extent of the entrance examinations to colleges, so that many

teachers of senior high schools deal it rather lightly.

§ 2. My Opinion against the Tendency of Poor Teaching of a Slide Rule

T have the following solutions for the problems cited in § 1 :

(1) One solution is to let them make slide rules by themselves, and they can get some knowl-
edges of principles of a slide rule by doing so. Although a home-made slide rule has a defect
that it can give less precise result than the result obtained from a bought one. Another solution
is to buy slide rules cheaper than the ordinary price through joint buying. And also prepare
some for the needy students. But remember that the price of a slide rule is almost the same to
that of an abaccus.

(2) Tt is possible to make the estimation fair by justifying the permissible error at the third
significant figure according to the kind of slide rules used by students. As for its method in
detail see § 3.

(3) It is necessary to study hard by himsel{ if he is a teacher, and if he cannot do so he
should resign from his occupation of teaching.

(4) Teach in the classtoom with emphasis, and also in other cases, especially in the presence
of students, use it as often as you can, then they will be accustomed to it.

(5) 1 ask the authorities of ministry of education concerned and the teachers of senior high

schools not to neglect or ignore the teaching of a slide rule, and that is all T can do.
§ 3. Mistakes in Using a Slide Rule

(1) Widely different result.

(2) Doing multiplication instead of division, or vice versa.

(3) Reading different scales, for example C-scale instead of Cl-scale.

(4) Reading a scale from reverse side, for example to read D-scale from right to left.

(5) Reading 1.1, 1.2, 1.3,---, 1.9 as 1,2, 3,---O.

(6) Misjudgement of the space-length between a pair of successive tertiary marks, for example
to think a 0.02-space-length as a 0.0l-space-length.

(7) Mistake at an interpolation, namely too large or too small estimate.

(8) Reading the next mark instead of the correct one.
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(9) Using an unsuitable part of A-scale or K-scale in calculating a square root or a cubic root.

The methods of elimination of these mistakes are as follows:

(1) Check by approximate mental calculation. If it is not enough, it should be said that the
education before that of a slide rule is not enough. It depends upon the mathematical education
in the elementary school and in the beginning half of the junior high school.

(2) Just repeat the guidance personally.

(3) Ditto.

(4) This is a kind ef mistakes by a wrong method, but it is rather easy to correct. Warn once,
and perhaps your student will do the calculation correctly. If it is not enough, stop the using
of an inverted scale for a while, this will work well generally.

(5) Before teaching the use of a slide rule write a model of a slide rule on the _blackboard. It
should contain written numbers of secondary marks between 1 and 2, and also these numbers
should be written as 1.1, 1.2, 1.3, ---, 1.9 instead of 1,2,8,---, 9. The latter system is used on a
general slide rule, so you should warn to students often.

(6) Let every student announce the kind of his spacelength on D-scale before his practice,
and the teacher writes them on the blackboard classifying into several kinds. By doing so every
student will remember his space-lengths correctly, and this will decrease the number of his such
‘mistakes.

(7) It is severe to claim too much details in an interpolation. I think the limit of such detail
should be inside of the permissible error which is discussed in §§ 5, 6. This kind of error
decreases generally by practices and we must let them decrease. Call students’ attention to the
fact that the middle of a pair of successive tertiary marks should be read as less than half of
the space-length.

(8) This may be eliminated by practice and enough sleep. It may come into the group of
permissible errors for the quasi-correct answers at the begining of practice.

(9) This will vanish by repeating cautions if they do not make mistakes of (1). And also let

them check by approximate mental calculations afterwards.

§ 4. Kinds of Space-Lengths of Slide Rules

We can classify C- or D-scales by their kinds of space-lengths between a pair of successive
tertiary marks, and we get the followings:
Kind a : Low phase or low zone (L) : Between 1 and 2, and its space-length is 0.01;
Middle phase or middle zone (M) : Between 2 and 4 or 5, and its spacelength
is 0.02;
High phase or high zone (H) : Between 4 or 5 and 10, and its space-length is 0.05;
Kind b : (L) : Between 1 and 2, and its space-length is 0.02;
(M) : Between 2 and 5, and its space-length is 0.05;
(H) : Between 5 and 10, and its space-length is 0.1;
Kind ¢ : (L) : Between 1 and 2, and its space-length is 0.005;
(M) : Between 2 and 5, and its space-length is 0.01;
(H) : Between 5 and 10, and its space-length is 0.02.

In the text I cited examples for these three (or four) kinds from the slide rules sold at

present.
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§ 5. Interpolation-Errors

I sorted the errors which happen from (7) of § 3 by their cause, namely the first, second, third
and the fourth. The first kind is the error which may happen in setting a number on D-scale
under the hair-line of the cursor. The second kind error happens in setting a number on
C-scale under the same hair-line. The third kind error occurs when we set the hair-line to the
other place on C-scale; and the fourth kind error is a “reading-error” which may come out
when we read the answer under the same hair-line on D-scale. The first, second and the third
kind errors are “setting-errors” and they are rather small compared with the other, so T treat

here only the fourth. The reading-error is mainly decided by its place of reading.

§ 6. Permissible Error {or the Result

It is not easy to decide the size of the permissible error in estimating the result of calculations
done in a test by students. There are many kinds of slide rules which are used by them. T
found a formula (V1) for this error which is rather simple and applicable to every case. To
compare with this I showed some other formulae by others and by myself (1 —V.). The formula
VI. and its theory are as follows:

The graph of the space-lengths y (independent variable z is the answer read on D-scale) is
shown in Fig. 3. It consists of three approximate rectangular hyperbolas. The graph of 7=1/y
becomes approximate segments (one segment in each phase) as in Fig.4. The Fig.5 shows the
graph of Y=4x-y where 4z is the space-length, and I think this is just suitable for the standard
of the permissible error. This becomes a single straight line approximately, and it depends
only on the length of a slide rule (scale coefficient). Multiplying the coefficient of permissibility
(empirical rate decided by the space-lengths of slide rules, the conditions of progress of students,
and by the condition of production of a slide rule) to Y, we get permissible error ¢ or v .as
shown in Fig. 7 or in Fig. 8. The coefficients are 10 and 20 respectively.

The reason of the approximate linearity which happens in Fig.4—Fig. 8 is as follows:

Since 4x/x is very small, we get

_ Zx+dx\ _ m [ 4z 4z
y=mlog, ( ~ ) = logel0 loge (1 + = ) =m Zloge 10
. . loge10 y= dzlog. 10 . loge 10
°° T moedx 7 m

mloge(l _*__A?x)

According to the precise calculation done in Table | we see that 7 is not linear. Of course
it is approximately linear as shown by the calculation done in Table 2.
The error discussed hitherto is an absolute error; if we think of a relatvie error, it becomes to
Y/x = loge10 /m,
when 4z is enough small. This is almost constant in a slide rule, so this is a convenient merit

of a slide rule, although it is not proper to use this relative error as the permissible error.

§ 6. Other Important Items in Teaching of a Slide Rule

One of the most important factor in using a slide rule is not to move the slide often. This

technique saves much time and at the same time makes the error less. Its examples are as

follows:
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1) a X b +c should be calculated as a + ¢ X b.

2) xi X y should be calculated as y X 2z (i=1.2,--2).

3) x; + vy should be calculated as 1 +y X = (i=1,2,---).

4) y + z; should be calculated by using the Cl-scale. If there is no such inverted scale, pull
out the slide and insert it upside down then C-scale works as Cl-scale.

5) When an answer goes beyond D-scale, and if your slide rule has no folded scale, leave

such problem to be calculated at the end, thus you can save many movements of the slide.



