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Slidé Rule Diagram

In order to explain the method of operation of a slide rule, diagram
under the following assumption is used,
“ Setting mark”  Set the figure on a scale here,
“Indicator mark” 4 Set indicator at this point.
“ Answer mark” e Answer is found here.

Following diagram explains an operating procedure, such as “ Set 5on
CI scale to 3 on D scale, Opposite 4 on C scale, find answer 60 on D
scale under the hair line of an indicator .

.

Note: Extreme right or left vertical line in diagram indicates position
of index lines of C and D scale, instead of actual end.
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INSTRUCTION OF HEMMI SLIDE RULE
(DUPLEX TYPE)

I. Classification of new Duplex Slide Rule,

There are two major classifications for the new designed Hemmi Slide
Rule according to it’s usage, one is business man’s use and other is engineer’s
use, Furthermeore the latter may be divided into classification of general eng-
ineer's, mechanical engineet’s and electrical engineer's use.

(a) Slide Rule for business man.

There are two kinds of slide rules, No. 250 {10 inches) and No. 200 (16
inches) of which scales are so designed that multiplicaﬁlon, division and pro-
portion aré conveniently made to meet with daily business calculation.

No. 250 is the new designed slide rule based on old No. 2600 rule and in
addition to the /10 —folded scales, a new CIF scale is provided. It is the
aim of this new designed scale that specific o/ 10 —folded system in our country
is operated just in the same way as g-fold system in United States of America.
The fact that ‘Trigonometric function scales in line with SI and 77 which are
the speciality of our company extremely raised up an efficiency of geheral cal-
culation would be no exaggeration to say, this is the highest quality out of this
kind of slide rules.

No. 200 is only one slide rule with high accuracy capable of four digits
compitation for multiplication aﬁd division.

(b) Slide Rule for engineers.

Slide rule for engineers as stated previously are divided into classification
of general engineer’s mechanical engineer’s and electrical engineer’s use. These
slide rules include No. 251 (10 inches) for mechanical engineer, No. 259 (10 .
inches) and No, 279 (20 inches) for expert mechanical engineer, No. 153 for
electrical enginéer Mo, 255 (10 inches) No. 275 (20 inches), No. 154 (20 inches)’
for expert electrical engineer and No. 256 (10 inches) for electric communica- ’
tion engineering. ! ' )

And also for general engineering use (civil architect, surveying ete) No.
250 stated above will do as well as for bitsiness calcnlations. ‘



On basis of the recent trend of design the slide rule for engineers provides
Log Log scal® and tried to extend the ra-nge of computation. Almost all the
kinds of slide rule stated in the previous paragraph provide LL scale with
positive exponent and CF, DF and CIF scales for multiplication and division
are operated in line with.the opetating practice of z—fold in U.S. A.

Detailed remarks are explained in the following chapter.

Il. Fundamental Caleulations.

Multiplication, division and proportion as fundamental operation of slide
rule are explained in this chapter.

These operations are available for all new Duplex slide rules in common,
except No. 153 (10 inches) No. 154 (20 inches) and No. 200 (16 inches) which
are explained in another chapter. ‘

Elementary method of operation, such as reading graduations and placing
decimal point is explained in Appendix (1) * Explanatory Remarks for Biginners ™.

(1) Multiplication and Division

There are two kinds of operations of slide rule which are the slide and
indicator operation. Practically the following three items are preferable to
get high efficiency of computation. ?

{a) Always find answer on the stock.
Cb) Treatment of one value should be made by one operation.
Cc) Movement of the Slide should be lessened as much as possible.

Improvement of slide rale is at least now progressing to the dir_ect.ion to
meet with the need of above items, even though the function of any present
slide rule is not encugh to satisfy these }tems.

Concrete procedure of operation is as follows:

Set indicator to multiplicand or dividend on the stock,

Calculation is made firstly by the slide operation, -

E And then, if necessary, calculate by indicator operation. By repeated
operating procedure of Slide M’Mﬁ@?& computation can
be made quickly and greatly increase the operating efflciency. ‘

Tt will be an immovable principle that answer is located by'the following

operating procedures:
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(1> Always read the answer on the stock, opposite the index of C scale
by the slide operation.

(ii) Always read j.he answer on the stock, under the hairline by the
indicator operation.

Multiplication—joint cperation of DF, CF, CIF, CI, C, D scales—If
Multiplication and division are worked cut by a slide rule which has six
scales of DF, CF, CIF, CL, C, and D, answer wili not fall beyond the
end of a scale. Therefore it can be said this is the most well developed
slide rule. Slide rules of No, 250, No. 251, No. 255 (No. 275) No. 256, and
No. 259 (No. 279) have the same scale arrangements of tl;1ese systems, and in
case of handling these scales classification including two systems should be
taken into consideration; i. e.

’ DF, CF, CIF (folded scale system)
D, C, CI (normal scale system)

In the slide rule operation the following procedure is considered :

(1) Slide operation (use the same system of scaled)-»Read answer on P
se:alf, opposite index on C scale. '

C2) Indicator operation (usa any system of scale)+»Read answer on the
particular scale of stock, under the hairline of an imdicator.

Multiplication by the slide operation:

Set multiplicand on D or DF scale.

To the indicator line set multiplier on inverted scale of the particular
scale system, CI or CIF.

Read answer always on D scale, opposite index of C scale.

Multiplication by the indicator operation :

Set multipiier Con C or CF scale) of any scale systern,

Always read answer on the same system of scale on stock; i. e. D

or DF scale,

i
i

Care should be taken vﬂrith regard to the calculating efficiency which
depends upon the first multiplicand is set on scale D or DF.

Set on D scale, if effective number of multiplicand falls between 2~5.

Set on DF scale for others.




This means indicator should be located at about middle part of slide rule
as much as possible.‘

Example 1 : ,
3x4x5=60
£ 3
D _(60D (3
(5) 7
CI T 4D
C 4 1
s 5
Ixd=12 3 60
*
Fig. 1

Figure in parenthesis indicates the use of folded scale system.

Successive multiplication “of three numbers is shown in Fig. 1. Multipli-
cation of two numbers such as 3x4=12 is found out only by the Slide
operation.

By the use of this procedure, answer will never fall beyond the end of
scale by the second mulﬂpl:cat:on. i. e. indicator operation, because it will be
carried out by the operation of some other scale system any time. In order
to reduce the shifting of glide in case of multxpl:catxon, attention should

be called for that< product of two numbers to be used for the slide operation

should be selected as close as possible to the significant figure 1 €10, 100, 0.1,
" 0.001 ete).
Stide rule No. 154 without CIF scale and No. 200 which is different form
without CI and CIF scale will be explained in the respective chapter.

~ Division

Division is carried out entirely the same procedure as multiplication, but
on basing of its function, C or CF scale should be used, instead of CIf or CIF
scate which was used in case of multiplication. -

In order to reduce the movement of the slide for division, significant
figure of dividend and divisor for slide operation should be selected as close
. as. possible.

Example 2 B-+-5-+-4=0.4
- DF ;B8
) /b
CI I
C] 4
(5)/
0*:4 C8)

Fig. 2

Combination of Multiplication and Division

3 =6
5

Example 3 =3.6

Thm'e are two procedures to solve this example. One is to work out
3+5x6, In this case note that you never use inverted CJ and CIF scales.
Other is to work out 3x6+5 In this case note that you never use C and
CF scales. Less movement of the slide decides which procedure is adopted.
Ci). in Fig. 3 indicates the former procedure and (iiD indicates the latter
procedure,

€1 ' G
pH 36
CFi C6) -
T 4 Cl
a » 3 J 7 6/ 5
D 3 36 Dj 3 56
* *
Fig. 3

Characteristics of Folded Scale

Generally speaking, when folded scale DF with folding point m is
providegl, folding point m on this,scale is set opposite the right or left index
on D scale. -

Therefore if a is set on D scale. valie on DF scale opposite a2 becomes
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always ma. On the gontrary, if value a.is set on DF scale, value on D scale

a
opposite this point always becomes e

4
] ma 1 a m
DF | | | ! |
DI ] [ ] |
e m _a
T m
Fig. 4

Folded point s is selected hased on the purpose of the slide rule.
me=+/ 10 for our No. 250 and m=n for our No, 251 No. 255 (Ne. 275) No.
255, No. 259 (No. 279) and No. 154 are adopted. _

Advantage of 4/ 10 fold will be explained in the chapter of No. 250.
With regard to folded scale of n—fold, if diameter of circle d is set on D scale,
circumference nd is found on DF scale, opposite point 4 on D. And also it's
reverse operation is possible. Relation between diameter and circumference of

circle is found out by indicator operation only.

Example 4  Find circumference of circle with 3.2 m diameter.
Find diameter of circle with circumference of 250 cm,

" T Ags. 10.05m
DF 10,05 250 79.5cm
D ¥ T8
T *
Fig. 5

(2) Proportion

How to work out proportion as a special case of multiplication and division
is explained in the following article. )

Generally speaking, if the slide is set at one point, there exists certain
mathematical relation between the scales on the slide and stock. Series ot
computations based on this relation is made by the shifting of indicator only,

with reference to scales concerned. This kind of operation is called * to use
sllde rule as reference scale method,”

Proportion and inverse proportion referred to the multiplication and
division is worked out by the reference scale method.

(a) Proportion

. Proportion is found by the use of * reference scale method ” with reference
to C and D scales Cor CF and DF scales). This method is widely applicd to

conversion, indexes, proportional division, percentage and also sale and purchase
of commodity.

Example 5

Fill the following blanks, given 127 kg =280 1bs

Lbs 45 63 | 5oy | sy [ 180

Kg | (20.8) ] 286) 23 68 | (BLE)
~L #*
DF 68 8l6
CH 50 180
Lr oty
o \280 45 507 63
' O] 127 20.4 Y
Ed T *
Fig. 6

For calculation referred to pxl;oportion relation between any concrete
number or quantity and scale should be fixed until the operation finished.
Above example indicates “1lbs” is set on C or CF scale and kg on D or DF
scale with fixed relation.

If any answer falls beyond the extremity of reference scales € and D, it
may be read on the * reference scales” CF and DF.

In the same way, if answer falls beyond the extremity of CF and DF
scales, it may be read op the “reference scales” C and D.
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‘Example 6

Fird % in the following table.

Example 8

What is the depth of land

area with width of 6m and depth of 14 m”?

1

area with width of 8 m, “equivalent fo the

| Amount I %
A %3,250 59.10
B $1,180 21,43
C $1,070 19.47
Total |  $550 | 10000
i [ 1
DH 1070 1180
Ci! 1947  21.43
: #* * *
: 5.1 |/
D 3250 5500
T
Fig. 7

If total sum of % doesn’t come up to 100.00 %, it may be practical to
adjust figures of the largest % in order to get exact 100 % in total sum.

Example 7 )
How much is 25 pes of certain commodity 13 dollars per dozen? And
how much pes can be purchased at 30 dollars?

N Ans. $27.10
: 27.7 pcs.
* 4
C] ~,13 271 30
) i 12 25 2.7
T
Fig. 8

() Inverse Proportion -
Inverse proportion is performed without any answer falling béyond the
end of scale by the use of “refetence scales™ D and CI Cor DF and CIF).

Tn case of inverse proportion on the contrary to proportion, operation may.

. be made freely with regardless of concrete number and scales concerned, after

- the *“reference scales® once set up.

- Ans. 10.5m
DF] 10.5 14
CIF] 8 /6
{ t
CI (8)
D| {10.5)
*
Fig. 9

Example 9 ‘
The gear wheel A4 with 85 teeth revolves 200 per minute, Find number

of teeth of pinion B to make it's revolution of 125 and 250 per minute

respectively. '
Find number of revolution per minute, if number of teeth of pinion B is

100 or 75 respectively.

Ans. 136. 68 teeth

[}
DA , 1:‘%0 125 zéo 170, 227 revolution
— CIFj 170 136 68
_|' > * *
01] 85,/ 75
D 200 227

Fig. 10

III. No. 259 (10 inches) Duplex Slide Rule
{For General Engineering and Business use)

(1) -General Description (See fignire on page 104)

Characteristica

This slide rule is so designed that high efficiency of business calculation
such as multiplication, division and proportion may be given, To do so .old
slide rule No. 2600 was modified adding a new CIF scale to the »/ 10 folded
scales in order to get the same operating function as other rules which have
n—fold scales. Beside this, reduction of the Slide shifting through *cross
operation” which can’t be imita;r.ed by other slide rule has been made
possible. ;
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Furthermore, for engineer’s sake, this slide rule is provided with inverted
scales of trigonometric functions Sf and 77 and solution of right triangle is
simplified greatly. It would not be too much to say this slide rule is the

highest class one among this kind.

Arrangement of scales and usage.

Front face:
DF, CF, CIF (W To-ldD) Multiplication, division and proportion
D C CI
L iiviirrveninriesreneneammenssnssseese e noommon logarithm
Rear face: .
Kianmnenaaassisweansmaassioi b aidcabezroot
A, Boirrerrire e stenemr e seesee s neesesequare and square root
TL, TI (Tangent)
SI (Sine) Trigonometric function
D, DI

Trigonometric function scales are based on degree and micute system.

And complementary angles are lettered in red figure.

(2) Multiplication and Division

Multiplication, division and proportion are performed in the same way as
in the chapter of fundamental computation. Since this slide rule has a folded
scale of &/ 10—fold, so called * cross operation” which is never seen in other
products is possible.

As a result of this function, shifting of the slide which is one of 3
principél items of multiplication and division Is adequately reduced.

Example 1 ’
K 3x4x9=108
%
D 108
CIF 9
D‘ 3 t

. Fig. 11
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Fig 11 indicates that by cross operation of normal scale and folded scale
system movement of the slide has been reduced. This kind of operation is
called “ cross operation” and an advantage given only by folded scale of
~/ 10-fald. ' '

In case of cross operation, if no. of use of folded scales (DF, CF, CIFy
is odd number, answer is given on DF scale, and if it is evem number

_answer is given on D scale. In example 1 since No. of use of folded scale is

once for CIF scale, answer is found out on DF scale,

Example 2 1.5-+-8-+-7=0.0268
_ DR | 1.5
CIH 7 7 '
. 8
D 0.0268
*
Fig. 12

(Note) CIF scale is absolutely necessary on z—fold scale in order to make ‘
successive operation without any answer falling beyond the end of scales.

much better if CIF is granted.

(3) Square and Cube

Square

To extract square and square root, answer may be found out with A and
D scales in the reference relation.

A scale is considered that two D scales which have been reduced exactly
1/2 of original length are tied together.

Therefore the characteristics,is just the same as D scale and multiplication
and division may be available in joint use with B scale.

Example 3 52=25 ~/ 64 =8
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Fig, 13

Method of placing decimal point for square value is the same as that of
multiplication.

In case of square root, given number is divided into several groups with
two digits per group, counting from decimal point to the direction of the
first significant figure of given number. '

If the value in the top group is less than 10, given number is set between

1-10 o'n A scale. Tf it is over 10, set between 10-100.

Place the decimal point of answer, taking one digit per group.

Multiplication and division including square & square root

Form axb?=¢ or a+bi=c are solved as in the following examples., It
should be noted that answer for calculation of any form including squere

value always lies on. A scale.

Example 4 15x2.22=72.6
#
Al 15 726
. 7
CH 2.2
+ Fig 14
Example 3 8-+1.32=4.72
*
. 4.72 8
7
g 1.3
Fig. 15

Example 6 232+ 65=8.14
A 8.14
B 65
rd
D 23
Fig. 16

15

Muttiplication and division including square root such as o’ 'a xbor &/ a =-b

are worked out as follows:

Example 7 18x 4/ 20 =805
A 20
ot 8
D 80.5
*
Fig. 17
Fxample 8 . & 12 +6.5=0.533
Al 12
C 6.5
D 0.533 |
x
Fig. 18
Exampie 9 85+4/24 =1.735
B] 24
; vl
1> 1.735 8.5
*

Fig. 19
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How to use Gauge mark “c¢”

There is a gauge mark “c¢” at point 1.128......on C scale, which is used

. for relation of circle diameter and area. It was derived from the following
formula.

T ns i .
area of circle a-u*;i'—cb d=diameter of circle

R Changing the form, a=(}’;.’-'z:d)g=(df/;:i)g

Denominator ]/ ;T in parenthesis corresponds to the valuve of ¢
T ;

Example 10 Find area of circle with diameter of 23 m.

Ans. 415 m?
* *
Al 4,15 (33.2)
B 8
Ci [
D 23
Fig. 20

' If the significant figure of a diameter is larger than &/ 10, it may be set
on DF scale, instead of D scale.

If the volume of cylinder with 23 m in diameter and 8m in length is
required, follow the procedure shown by Fig. 20, move indicator to B on B

scale and volume 33.2m? is read on A scale under thé hairline of indicator.

Reference scale
A Band C, D or CF scales may be used as the “reference scales ”.

“ Calculation of circle areas from many given diameters by the use of the gauge

mark ¢ at the same time is shown in the following example.

Example 11
Find <circle area, given dlameters of 25m, 3.2 m, and 5.8m respectively.

17

* * *
4.92 3.0b 26.5

U T
w 2.5 3.2 ‘58

So
-

Fig. 21

Cube and Cube root

K scale is provided for calculation of cube and cube root. Since K scale
oonsxsts of three reduced scales tied together which is exactly the one third
of D scale reduced, its characteristics is the same as D or A scale,

Calculation of cube or cube root with reference to K and D scale is shown
by Fig. 22.

KN & 8, ) 135 |
1 4
a 2 ) 5
Dy T T * *
Fig. 22

In case of calculating cube root, given number is divided into several
groups with 3 digits per group, counting from decimal point to the direction
of the first significant figure, According to the significant figure in the first
group being one, two and three, given number is set in the section 1~-10,
10~100, and 1001000 of K scale respectively.

Method of placing decimal point is determined on basis of one digit per
group.

Multiplication and division including cube or cube root and also methaod
of using slide rule as the “reference scales” are carried out as explained in
the article of sguare calculation and K scale may be used in place of A4 scale.

(4) Logarithm
Common Logarithm
Common Iogarithm with base of 10 includes integer (Characteristic) and

decimal fraction (mantissa). Equally graduated scale L is provxded in order
to find mantissa of common logarithm,
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Characleristic is mentally calculated from the following formula:
(number of places above decimal point of given number)-1
i, ¢, one less than the number of figures at the left of decimal point.
If given number is of m places under decimal point, characteristic is
»i and simply put at the left of decimal point. m ‘may be considered as

symbolic expression of —m.

Example 12 logyp 2.5=0.398 logy 0.025=2.393

C i
4 4
D 2.5
L 398* (602
Fig. 23

As shown by the above example, 2.398 of log;0.025 means that charac-
teristic is negative and mantissa is positive, which is not allowed to multiply
or divided as it is. In this case 0.398-2=-1.602 should be first computed.

If given number is set on CJ scale you can directly find out the complementary

number of 0.398 i, ¢, 0.602 on L scale.

Natural Legarithm

Natural logarithm log. ¢ with base e, may be found out by multiplying
23026 to common logarithm from the following formula.
loge a=2.3026 logya

Anﬁ-lognxjithm‘

Form of logy—'¥=a is given by the perfect reverse procedure of the
preceding example, ;

Take mantissa only out of given number x and set on L scale. Significant
figure of number of iogarithm & is given on the scale D, opposite this point.

One is added up to characteristic of logarithm x to place decimal point.

Exponent
Coniputation of form An needs following three steps of operation.
(1D Find log A (Use I and L scales) .

19

(@) Calculate n logyy A (Use D and CI scales)
(3) Answer is given by log—! (# logyy A) (Use L and D scales)

(6) Trigonometriec Function
This slide rule has trigonometric function scales such as SI (6°-90%) for
sine, Ty (6°-45°) and TL (45°-84°) for Tangent.
These scales are graduated with degree and minute system and it is so

. called inverted scale, graduated from right to left direction.

An idea of using inverted scale of trigonometric function is the speciality
of our rules and has never been used for foreign slide rule, while this system

will prove high efficiency for the computation of a vector and complex number.

Trigonometric function and its multiplication and division

Location of value of each trigonometric function is shown by Fig. 24,
when index of D scale is set on 8 of Sf or T scale.

b b . T 0.
SI [}
I;I sin ¢ D tang |
%) cosec § DI ) cot 8

Fig. 24

Since angle in red on these scales represents com'plementary angle (90°—¥),
Coso and Sec g are found out in the same way. Muitiplication and divisien.
are worked out with joint use of 0, I, (1 or OF, DF on the front face. Calcula-
tion of Sine is explained in the following example and Tangent is also given
in the same way, except that T'J scale is used instead of ST scale.

. o
Example 13 sin 35°=0.574 5'32385 =0.205

5.6s8in35°=3.21 cosec 35°=1.745

{
Cl 23 1
SII 35°/ c' . 5.6
0.574" D 0.205 3.21
D 1.745% * *

Fig. 25



For small angle of #<6° unit of Radian which is converted from these
degree is used, assuming tan 8=sin d. p”, p’ and p° on O scale are conversion
gauge marks respectively when # is express=d in second, minute and degree.

Set # on scale D, referred to these gauge marks.

Opposite ind;ax of O scale, read answer on D scale.

Method of placing decimal point is estimated -as follows:

1 second=<0.000005
.. 1 minute=0.0003
1 degree=0.02

Sine Proportion :

Calculation of Sine proportion is carried out with the *reference scales”
of 81 ‘and DI, but it is ratI-ief far desirable to meet with operating procedure
by the use of following formula of inverse proportion than to use ordinary

method of proportion. .
' @ sinB=b.sin4d
b.sin0=¢-.s8in B
Example 14 i ) i

An angle of elevation ¢ 35° is given, looking at top of tree from point 4
on the ground, an angle of elevation 60° is given at point B, walking 40m
from A to B. Find the height of tree.

$0°—35°=25°
. {
S 35°,/ 256°
Dy 40
SI 60°
b 4T* :
Fig 26

Solution of right triangle
By the use of 87 and T scales, solution of right triangle is greatly simplified,

il

Fig. 27 indicates operating relation of base angle § and sides g, b, e

T ¢
S [
a c
Fig. 27

Example 15 Find # and ¢, given a=5.4, #=3.2 in right triangle.

. 3
TIf -~ 30°4% } Answer §=230°45
5 1 3147 e=6.36
D .2 5.4 6.26 I
*
Fig. 28

This cafculation is also applied to the form of c=a/g"+5, which is so
called Pythagorean theorem.

Example 16 18 3+35=3.93

ST 27°15' 1
l] . Sag7est

S
1y 18 3.5 3.93
T *
Fig. 29

Joint use of this method to 4 and B scales may be applicable to calculation
of standard deviation of the science of statistics.

Example 17 Find standard deviation of 375, 368, 370.
Find sample mean of 371 first and deviation is expreseed as +4, —3, —1
’ A% 13812
Standard deviation S = sz—*l— =204

The answer i8 given by the operation of Fig. 30.




11505 T 36 !
S T 14708 sl 36° E
) + D3 T T
® D_®
B 3 ?
V4 §
D 2.94 T
{ . ®
Fig. 30

Solution of Obligue Triangle

With application of relation as shown in Fig. 27, in use of this kind of
slide ruie, solution of oblique triangle is easily made giving two sides and the
included angle.

Example 18 Find /C and & of triangle in Fig. 31

A L ‘ - 1

3 ] a5,_j740" [ Ans. ZC=37°40
. o Sl\I | e g b=5.95
8 d ! ! i Di » iB4 216§ sre, I
R bt .
PP R—
Fig. 31 m=3381 8.0—3.84=4.16

Since this oblique triangle is divided into tworight triangles and perpendi-
cular p is in common, answer will be given in the sume way as preceding
problem.

In other words, Example 18 seems to be a solution of subtraction of two
vectors, 5.0 and 8.0 with phase angle difference of 40°

To find addition of these two vectors, answer will be easily' given in the
same way, making 8.0 + 3.84 instead of 80 —3.84. In this case it should be
noted that DF scale is used in place of D scale. \

Consequently the use of scale SI and TI makes computation of right
triangle much easier, which will be applied to the conversion of coordinates
in case of computation of vector or complex number. Detailed explanation is
indicated in the instruction of No. 255 slide rule.
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Gauge marks
Gauge marks on this slide rule are as follows:

¢ (1.128 o4 C scale) For coniputation of circle area

g

§

Ratio of ci f f E

7 (31416 on C and D scaled] 32400 Of circumference o : !
" (20626 on C scale) %
¢’ (3437.7. on C'scaled ; For conversion of small angle into Radian. /
p° (57.28 on C scale) 2
i

e

IV. No. 251 (10 inches) Duplex Slide Rule
(For Mechanical Engineers)

(1) General Description (Sec figure on page 105)
Characteristics ‘ . . )

This slide rule is an improved modification of our old No. 150 slide r:le
with additional Log Log scale and so designed that not ounly computation of
multiplication and division at high efficiency, but also exponentizl calculation
which frequently appear in empirical formulas, are possible for the use of
mechanical engineers,

Folded scales of this slide rule are of z-fold system and convenienl for
circle calculation.

For the computation of trigonometric functions, trig scales S, T and ST
of Rietz system are adopted, and calculation of very small angle below 6~ can
be easily performed. And also it is the feature of this slide rule that com-
plementary zngle in ved figures is added upon S, 7' and ST scales ang it is
used fo the best advantage.

All the angles of this slide rule are represented in degree and minute system.

Arrangement and Usage of Scales

Front Face:

DF, CF, CIF {z-fold}
{ % 5 }Multiplication, division and proportion
D, C Cr

L Common logarithm

1274 Reciprocal (mainly vsed for trigonometric function)
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Rear Face:
K Cube
A, B Sauare
S (Sined '

IT (Tangent) !
IST (Small angle) |
D |

Trigonometric function

. C
LL, LL, LI, } Exponent

(2) Multiplication and division
Multiplication, division and proportion are worked out in the same way
as explained in the chapter Il fundamental calculation.
But cross operation explained.in the chapter III-(2) may not be possible,
bécause the folded scale of this slide rule is z-fold.

Since the values of /10 3.16 and n=3.14 are too closed each other, it

looks like there isn’t much difference and cross operation is possible.
It must be noted that we can't do that.
But calculation of circle is easily made by this slide rule and it is the

reason why there is no ordinary » gauge mark on this scale.

Example 1

Find citcumference of circle with diameter of 2.3m '
Answer 7.22m (Fig. 32)

" Find diameter of circle with circumference of 12.5m

Answer 3.98m
I 7.?22 12.5
D 2.3 3.
#*

-Fig. 32
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(3) Square t_md Cube

Square and Cube operation is made in the same way as explained in the
chapter III-(3). Since it seems that this kind of forms are frequently solved
in engineering computation, an efficient method of operation will be explained
mostly in case of multiplication and division referred to square and cube.

Combined multiplication and division including Square value

The following notes are the point of operation for combined form of
multiplication and division including square value.
(1) Start with division
(2> Use CI scale skilfully.
(3 Complicate form is broken down and worked out with C, D, CI, CF
DF and CIF,

3.82x1.57

Example 2 e IR
ple 5 36

%
Al 36 382 I

T FATAN f
1.57

eker

Fig. 33

865
2.56% 4,85t
—

Example 3 0.143

0143 865
B T 358
ol s

Fig. 34
Calculation of a form includes square value in denominator sholud be
niade in th\s arrow direction as shown in' Ex. 3. &%bc will not be =zble to
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calculate without falling beyond the end, if A, B scales are used. This form

is dissolved info ,%:f form and applied ordinary multiplication and division

procedure.

Combined multiplication and division including thare root

For computation of multiplication and division, including square root, it
may be an efficient ;point of operation to follow the rules as in the follw-
.ing items.
(1) Set square root in numerator on A scale first.
(2) Start with division of sguare root, in case ‘of denominator inclusive
of square root.

(3) Be careful about the part of A and B sczles to which the value in- .

square root is set on.

Example 4 VG X3 17

Fig. 35

7.22
3B % /108 000

Example 5

| CEﬂ \4.63 31%3
Dl 722  0.865

Fig. 36

" Note that calculation should be started with division of +/4.63.

* Maultiplication and division including cube and cube root

It is very difficult to work out free calculation of these forms because X
is only one scale on the stock for cube and cube root computation and there is
no corresponding scale on the slide.

Several examples are explained as foilows:

Example 6 1.25x 3.623=59.2

K 1.25 59.2

CII S(.'GZ

Fig. 37
Example 7 250-:-3.20=7.62
K 7.62 250 '
*
al
C 3.2
Fig. 38
Example 8 855x 1 16.5=218
165
.f-
CI| /K5
D 21.8
*
Fig. 39
Example 9 25,3+ 268=:3.92
268
*
[» 25.3 3.92
D
Fig. 40



This example shows that firstly calculate 17268 + 253 and get reciprocal
of it.
2
% power and Yy power
The slide rule with this kind of arrangement of scales may be able to

ki 2 .
calculate a% and a3~ with the “reference scale” of K and A,

.
L
K ax * b
A a b ¥
T
Fig. 41

It is noted that —3— power means 1.5 power or cube of square root(s’ a .
And also % power means square of cube root (3 a)?

(4) Logarithm and Exponent

Common Logarithm
To get common logarithm through the use of L scale is done in the same

way as in the chapter TII-C4).
This slide rule provides LL;, LLs, LL, scales which are ‘three portions
of folded scales of a log log scale in the range of 1.01-20,000 folded at the

value of e and e™. There ¢ is the base of matural logarithm. Common

logarithm can be found out by the use of these scales also. However, in this
case not only mantissa, but also characteristic are given at the same time.

Example 10 logy 35=1.544

*
-y . 1.544
LL,i 10 71\5

Fig. 42

P

To get anti-logarithm, at first, set the index of C to 10 on ZL,, and then
opposite given value of logarithm on C, read the answer on LL scale. If it
falls beyond the end of scale it will be easily found out by changing index of
C scale from left to right.

Natural logarithm

To find natural logarithm by this slide rule, set the hairline to the
given number a on LL scale, then we can read log.a under the hairline
on D scale.

. 4

D log.a x
LL a log,—lx,
T
Fig. 43

The method of placing decimal point on D scale is as follows:
‘,(1) a on LL, scale one digit at the left of decimal point. (For instance:
1.5, 2.3 etc.)
(2) a on LL; scale one digit at the right of decimal point. (For instance:
0.15, 0.23 etc.)
(3) aon LL)-scale two digits at the right of decimal point. (For inst-
ance: 0.015, 0.023 etc)

Exponent

In case of exponential computati;m A" which is frequentiy used in an
empirical formula, if » is positive, it is simply computed by the use of LL
scale.

Example 11 3.265=1910
v
ds 6.5
w3z 1910
*

Fig. 44
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Example 12 - *4/845=4.79
g 43/
; #45
LLF 4 *79 4
Fig. 45
Example 13 el 84,48 '
4
D) 1.5
1L 4,48,
Fig. 46

1t » is negative, reciprocal of A" should be found out. In this case, it
may be advisable to get answer by the use of D and DJ scales on the front
face.

Following this procedure hyperbolic functions are computed from the?ol-
lowing relations:

Sin kx=(eT™—e—")/2

Cos Ax=(e®+e 7?2 &

(5) ‘Trigonometric Function

Arrangement of trigonometric scales of this slide rule are adopted 7, S and
ST of o0 cailed Rietz system. Angle is graduated at degree and minute system
and complementary angle is written in red. ST scale is used for computation
of Sin ¢ and Tan ¢ of small angle below 6°, The following procedure should
be taken to get trigonometric function by this kind of scale arrangement.

Trigonometric Fanction and its Multiplication & division

(a) Ifitis rejuested to find only Sin 4, tan & and so on, set the slide
exactly in the stock and set indicator on S or T and read answer on D scale
under the hairline. Read on DI scale on front face, when its reciprocal is

required.
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Example 14 sin 32°=0.53
tan 40°=0.84
T | 40°
32 ]
D 0.53 .84
*
Fig. 47

If cos ¢ is required, answer may he given in the same way as in above
explanation referred to angle in red on S scale.

(b> Multiplication and division, including trigenometric function is deter-
mined by combination of operation of S or T and C, D, CJ scales.

Example 15 5.3 x sin43°=3.62
& J
g N
D 3.62, 5.3
Fig. 48
Example 16 2.55-:-8in50° = 3,33
S 50°,/
D 2.55 3.33
=
Fig. 49
Example 17 5in32°=-0.67 = 0.791
S 32° E:
g “ 0.791 §
D 057 ]

Fig. 50
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Explanation referred to Sin @ has been made in the previous paragraph.
And also that of cos ¢ or tan g is the same, except that complementary angle
of S scale should be used referred to cos 0.

Sine Proportion -
Sine Proportion is perfordied through the use of “reference scale mcthod "

of § and D scales.

Example 18  Find b and ¢, in Fig. 51 Ang. b=6.96
= 8.52
o
A
1 4
G b 5‘ 45°  60° \75°
6.96 852 95
A ‘ D * »
B @95 c AT — (451607 =15°.
Fig. b1

Find angle 4 from A=180°—(B+{) and follow the procedure shown in
the above Fig.
Solution of Right Triangle
Solution of right triangle and also to solve the vector and complex number
by this slide rute effeciently might be carried out by joint use of S, T scales
and DI scale.
Exaraple 19
Given a=8, b=5, of right triangle in Fig- 52

Find ¢ and c.
Ans, #=32° ¢=943

g b T] 1827 ‘ E
S 32¢ ’ ‘2~_|
a pil_o43 5 5|
Fig. 52 .

If it happens to be ¢>10 in the above ezample, operation should be
followed as in Flig. 53

1 32° )
\' 32°/
D, 5 8 Dy 5 9.43
T T *
Fig. 53
Example 20 3.25+6.631=7.38 {63°50/

Note: 63°50' in parenthesis
indicates the reading of

T 26 107 (63 5070
26°10¢ R 4

red figure on T" scale,

DlI * 7,38 6.63 3.25
Fig. 54

Gauge marks:

There are following gauge marks on this slide rule.

1

¢ (1.128 on C scale)...calculation of circle area,

"R (57.29 on C scale on rear face)...conversion of degree and Radian.

V. No. 255 (10 inches)

No. 275 (20 , )
(For Expert electrical engineer)

}Duplex Slide Rule

(1) General description (See figure on page 105)

Characteristics

This slide rule’ is specially designed for arrangement of scales to meet with
the requirement of expert electrical engineers. Calculations of higher exponent
fraquently arise in empirical formula and form of e® necessary for the theory
of electricity will be made with additional series of Log-Log scales. And also
calculation of hyperbolic function which is necessary’in design of Iong distance
electrical transmission line by the use of hyperbolic log scales ShA & Th is
available. Furthermore the inverted scales of trigonometric functions 57 & T/
on basis of Radian are provided for vector computation and conversion of
degree to Radian is available by the use of “ reference scale” of x and 4.
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These features illustrate the epoch-making excellence of this kind of slide
rule compared with the former one for electrical engineer’s use.
There are two kinds, No, 255 (10 inches) and No, 275 (20 inches) in line with
above mentioned system and the latter is convenient to be used in laboratory

and test room.
 Arrangement and usage of scales.

Front Face:

DF, CF, CIF (g—foldd D, C, Cr Multiplication, division and proportion.
L Common logarithm

K Cubes and Cube roots

X0 Conversion of angle

Rear Face:

Shy, Shy, Th Hyperbolic functions

A, B : Squares and Square roots

C, LL,, LL; LL, Exponent

ThH, T, SIL D Trigonometric Function & Vector

(2) Multiplication & Division

Inasmuch as the folded scale of this slide rule is based on z—fold, the
use of scale is made just the same as in II, Fundamental Calculation and
Supplementary Note in III-(2). =, the ratio of circumference of circle to its
diamater is frequently applied to the theory of alternating cutrent in the field

’ of electrical engincering, There are many advantages to eliminate complicated
procedure of various calculations by the use of characteristics of folded scale
and or:dinary scale, *

Example 1 ‘ 5 : *

Find inductive reactance in an alternating current circuit with 25 mH
inductance under 30 cycle frequency.

Ans, 7.85 ohms

. *
DF 7.85
D) 25
Fig. 55
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In case of f=50 cycle no operation of slide is necessary as shown in the
above fig., because of 2f=100, but if f=60 cycles, one more operation to
multiply 2f=120 through CIF scale has to be done. ‘

Example 2
Find condensive reactance in an alternating current circuit with static
capacity of 1.5 4F under 50 cycles frequency.
Ans. 0212101

CIF—g212+
v
D 15
+
Fig, 56

1
Condensive reactance X; is calculated from the formula Xe= 2};}; ohm,

as shown in the above Fig., If frequency f=860 cycles, answer of 0.177 x 10~¢

is to be given by the operation indicated in Fig. 57.

I T 120
CFI] 0177 %
DI i35
1
Fig. 57

(3) Square and Cube

Calculations of Square, Square roots, Cube and Cuberoots are made entirely
the same way as explained in III-(3) and IV-(3D.

But if resonance frequency f is required for self inductance L and static
capacity C, answer will be given by the use of folded scale as in the following

example.

Example 3
Find series resonance frequency f of alternating cwrent circuit with
inductance of L=200 mH and static capacity C=380uF.



Answer 18.25 cycles (Fig. 58)
. 1
F s calculated =g Wi i
| requency f i af from the formula £ Tnd T without takmg
into consideration x. You might proceed to find out the reciprocal of a reading

on DF scale.

In case of setting'L and C on scale A and B, note that it is square roots.
Care should be taken that the right part of B scale is used for 200
mH=0.20 H and also the left part of A4 scale is used for 380uF=0.00038F

A s - I
B 700
[ | o 2/
T T 0
D & @
*
CIF] 18.25
T
@
Fig. 58

{(4) Logarithm asd Exponent

Logarithms and exponential calculations are carfied out in the same way
as in I11-(4) and IV-(4). Couple of examples relating electrical engincering
will be explained in the following paragraph.

Example 4

What would be the iron loss of a transformer which has iron loss of 450 w
at rated primary voltage of 3,300 v, if the voltage were raised up to 3,500 v,
agsuming the iron loss is proportional to 1,9th power of applied voltage?

Answer 502 w (Fig, 59
3,500 \:-»
Solution : Since iron loss may be computed from the formula 450 x (3 300-) 3

Firstly, we get 3,500-+-3,300=1.06 by the Scales C and D. Then 1.06'? is
worked out on LL,, LLy and C scales, and answer 11173 is given as shown
by Fig. 59.
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d 0 N

L 11173% l
LL, 1.06

Fig. 59

Finally we get requested answer through the use of scales D and CF from
1.1173 x 450 =502.
Exampie 5

How much is the weight of vertical type alternator made by certain
manufacturer, assuming the following empirical formula can be used?

K. V. A 088

M )

in which

K. V. A.s=capacity = 12,000

r.p.m.=No, of revolution=450

w=Weight in ton Answer 69.4 tons (Fig. 60D
As explained in the preceding example, :
compute first 12,000--450=26.65
and next 26.65%% =845, as shown by Fig. 60.
Finally find 8.2x8.45=69.4 using CIF and DF scales.

4
0.65

8.45 26.65

‘Fig. 60

‘Example 8

How long is the life of tungsten incandescent lamp at 110V, which has
the life of 2,000 hrs, at rated voltage of 100V, assuming life is inversely
proportional to 13.5th power of the applied voltage?

Answer 551 hrs. (Fig. 61)

Since 110-+-100=1.1 is eas{ls'f found out by guess, compute first 1.11#5=3.63,
as shown by Fig. 61. And then answer may be given as 2,000+-3.63=551 on
C and D scales.
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N
1 ¢ o-te) Angte 0.376 on T scale is only used as a “ parameter” in this
calculation, even though this angle indicates phase angle

J’ l
o N Example 9
L, 3.63,
Lk . . -
IL: i Find the resultant current [ in an alternating current circuit as shown by

Fig. 61 Fig. 64

} Answer =25 amps (Fi
. _ _ ps (Fig, 64)
ince it is evident that phase angle difference between resistance and 7

reactance circuits is right angle, resultant cwrent [ may be given by th
& e

(6) Trigonometric Fanction and Vector

Trigonometric function and vector computation are done entirely the same

procedure as in chapter 111-(5), since inverted gcales TF, Tl and SI were
arranged on this slide rule with features of Radian graduation. Conversion from I
degree to Radian or its reverse process is made by the use of ¢ and x scales. TL' 624 L
Shhe 0.644 ]
Example 7 D 20 P25

Find_Radian for 13.5° %=0.235 Radian -
Fig. 64

Find degree for 0.87 Radian §=402.8°
Example 10

Find the resultant current I of I',=3+j5 and 1, =842 in polar coordinate
Answer [=13.05 |0.567 (Fig. 65) .

1 1 932%5 2;8; ;(3+3)+1C5+2)=1_1+f7. then absalute value ia fesa/ TEELTT
. - L : e use of DF scale is more convenient than to use D scale, taking into
i Hig, B consideration this absolute value.
b The operation of the slide rule is done as indicated in Fig. 65
Example 8 '
Find impedance of alternating current eircuit with resistance »=0.85 ¢hm,’ DH 7 1J’1 13::)5
inductive reactance x=0.335 ohm Answer 0.914 ohm (Fig. 63) Cg‘ég\ €0.567 ) T
Calculation may be made by the operation of slide rule as shown in Fig. 2060
63 from formula Z=~"F+3"
Fig. 65

(Note) Letters and figures in parenthesie indicate that these are on
face of the slide rule, ’ -

TIH 6376 | ~
s/

0.376 o

Dl 0335 0.85 0.914
1 =

Exatnple 11

Fig. 63 Change vector 7.5 [0.55 indicated by the Polar coordinate to that of
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rectangular coordinate.
Answer 6.44-73.92

T 0.55
SI 4 0.55 /
3.02 64 75 |
* . *
Fig. 66

Example 12

Find current 7 in an alternating current circuit with impedance Z=2+73
when voltage E=50+ 715 is applied to the citrcuit.
' Answer f=11.2--79.18

We can solve thl’l problem using the formula f= g— =%:%,

have to change the coordinates of £ and Z into polar system.
Hence E=52.2 |0.292

and fiestly

Z=361 |0.981
: . 52,2 .
we get I=;ﬂ{f [0.292—0.981 =14.45 |0.659
Again by changing it to rectanguiar coordinate,
f=11.2—9.18

The following pr-ocedur.e is advisable that in the midst of calculation, an
angle of vector Z is rotated 90° for convenience and to get the complementary
ang!e 0.589. And then, subtracting 0.589 from #/2+=1.57, get the value 0.981.

{6) Hyperbolic Function

The computation relating to hyperbolic function is frequently necessary
for the lstudy of alternating current theory and long distance electric power
transmission line. This slide rule has logarithmic scales of hyperbolic function
Shy, Shy and Th on the stock and inverted scales of trigonometfric function
TIL, Ti5 and S7 on the slide, in order to compute their multiplication and
division conveniently. By the use of these arrangement, we can also make
possible to calculate hyperbolic function of complex angle.
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Hyperbolic Function
If only the hyperbolic function is reguested, the * reference scales” of D

scale to Th or Sk scale are to be used.

Example 13
sinh 0.345=0.352
tanh 0.345=0.332
"~ 8 0.345
i Tha 0.345 ]
Dj . 0332 0.352
* +*
Fig. 67
Example 14
cosh 0.315=1.06 (Fig 68) (Fig. 62
sin Ax

It is e:sily found by cosh x= o but the special procedure is cone
gidered to be advisable by the use of this slide rule as shown by Fig. 68

and 69.

Shy 0315 Shzl 0.345
W 0345 ! o t
i ¥
; 1.06, Bl 8,/
) D, 1.06
| .
Fig. 68 * Fig 69

Hyperbolic Function of Complex Angle
Hyperbolic function of complex angle a+7b may be calculated in the following
two ways:
(a) Use of rectangular coordinate system.
(b) VUse of polar coordinate system.
(a) Calculation by rectangular coordinate system

sin Ala+f)=sin k a f;z:l% ;i-j cosh asin b

b R sin b
cosh (a+fb)=cosk a b

From ahove relations, they are computed as shown by the following

+fsin 2 asin b

examples. .
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Example 15 Sin A70.82 +71.2)=0.331 +71.263 (Fig. 70, Fig. 71>

C.aIculation of real quantity : (Fig. 70)

™ oz ||
TIgi 1.2 7'
S 1.2
I T D 0,331 T
© * @
Fig. 70
Calculation of imaginary quantity : (Fig. 71)
Shy 0.62
TI, 1 0.85 ’
& 0.83 sl 1.2,/
T 1.263 T
@ n e
Fig. 71
Example 16 cosh(0.82+ 71.2) = 0.491 1 70.853
Calculation of raal quantity,
Shy . 0.82
1 4
TsIf ] Tli,i TZ
g S 1.27 )
T D; T 0.491
€] L @ =

Calculation of imaginary quantity,

5 % 0.82
e
51 1.2
D; 0.453
L *
Fig. 72

(b) Calculation by polar cosrdinate system.

" Following formulas are used for computation.

coshla+b0= " sinka+cosh
" sinkta+ sin®

ko =Y e codh

i tanfx(_ta&_lg
___ Mtan Aa

)

ftan—! Ctan b-tan ha)

fan—i sin2b
sinlon

(c) Calculation of tan A—-1(a+ 1)
This calculation is quite often made in finding out position angle at particular
point of long electric power transmission line. The procedure is as follows-

—e—t e™—]1

—~A =A= i EI—. = et
Let tan—"(a 4 D)= Z=x+7y then, ezn; o e atfb and e = e*(x+ 1)
1+(a4.:jb_).. | B . _i_ __”7]__ B
= e el =Als  substituting y= 7 =y log, A=1.1513 log;y A

The answer may be found out from above equations.

Example 17 .
tan A1 (2.5—10.57):0.396 + J‘(-gﬁ+ 0.101)
Find e* first, and then anawer is given as:

14+(a—b)=3.5—10.57=3.545 [0.161
1—(a—b)=—1.5+70.57=1.6/z--0.363

3585 B161

Alg =16 %0363 =221 n—0202= 2.21 |r-+0.202
v fL . 0792

Y= 2 +0.101 X 2 log, 2.21= 2 =(.396

T e e e e e o i e e e e 2 ettt o ot

g Gauge mark

Gauge mark on this slide rule is “c¢" (1.128 on C scale on rear face) ]
which is used for computation of circle area.

VI. No. 256 (10 inches) Duplex Slide Rule
(For electric communication engineers)

(1) General Description (See figure on page 106)
Characteristics

This slide rule is used not only for the convenience of calculation on
electric communication engineering: for instance frequency and wave length;
decibel and impedance; problem of resonance frequency, but alse ordinary
multiplication and division with scale in which the maost superior system is
adopted. This slide rule has 'been originaly designed by Tokyo Shibaura
Electric Co., but we have designed a new duplex slide rule after several
improvements have been made upon arrangement of various kinds of scales.
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Remarkable feature of this slide rule is that formula and index so as to
aasily can place decimal point have been provided.

Arrangement and use of scales

Front face: .
db (L) Decibel and logarithm
Neper Neper calculation
I DF, CF, CIF (r-fold) }Mu]tiplication, division and proportion
lci, ¢, D
Ll, LL;, LL, . ' Exponential calculation
Rear Face: B
P {Square, Square roots and
Surge impedance
L Inductance
¢ Capacitance
i1, 8L, D Trigonometric function and vector
;.} ' * Reference scale ” of wave length and frequency

(2) General Calculation

Inasmuch as the folded scale of this slide rule is »-fold, which is the same
_as most of other kinds, general calculation such as multiplication and division
are made just the same way as indicated in the explanation of fundametnal
calculation in the chapter Il and IV, V-(2).
But we do not place an emphasis upon the calculation of Square and Cube
relation. Since only A scale is provided on rear face, the calculation of
square relation has to be done as shown in the following procedure.

Example 1 L5%x2.22=7.26
Al 1.5 7.26
L
/7
C : (2.2)
Fig. 73
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B

{(Note) Letters and numbers in the parenthesis indicate that those are on
opposite face. :

Example 2 ‘8+1.3°=4.73
4,73 8
*
Vol
«©) (1.3
Fig. 74
Example 3 18x 4/ 20 =805
Wi @
' P
CII 18
D 80.5
®
Fig. 75
Example 4 A/ 12-46.5=0.533
(A §555)
A
6.5
T 0.533
%
Fig, 76

Form of a®<-b and a4/ b are not operated as eady as the above examples.
axa
b

multiplication and division. a-++/b is given on C scale in the form of recip-

a?=-b is changed to the form which may be ‘calculated as an ordinary

rocal of result obtained through the operation of &/ % =+-a.

-

Example 5 8.5+ 24 =1.735
Cﬂ ¢38
. Pl
d 1.735% 85

Fig. 77



® .
There is no K scale to solve cube relation . Therefore * has to be found
out in the form of axai. ’
To extract cube root by the use of Log Log scale explained in the {ollowing
chapter is much easier than to use A and CI scales.

(3) Logarithm and Exponent.

Logarithm and exponent are solved bybthe use of L and LL scales in the
game way as explained in the chapter III, IV ‘and V-(4

It should be noted that L scale on this slide rule is the modification of
db scale explained in the succeeding chapter, adding red lettering on the scale.

(4) Trigonometric function and Veclor

Inverted scale, S7 and 77 are adopted so called Deci-trig system which

indicate the angle with degree and its decimal fraction. Therefore the calcula-

; tion of trigonometric function and vector is done in the same operation as in

L§ the chapter III-(5) and _V-CS_), but there is no scale for small angles below
~ 6° for sine and tangent.

Operation may be made as treatment of small angle by the use of gauge

mark R, exactly same as explained in the method of p° in the chapter III~(5)

(5) Calculation of Decibel

In the electric communication circuit, let voitage and current be Vj and
I respectively at input side, and also those at cutput side be V and J;, Decibel

for voltage ratio and current ratio are as follows:

¥,
db(V)=2()log—V:-

: db(1)=20log %
4 1
When V,, Vz or-I, & are given, find % or —5’— by the use of C and D
1 1
scale, and db is read on db scale, opposite the index of C scale,
If “ Neper ” is requested instead of db, read the value on Neper scale.
Conversion of db and Neper are easily carried out each other by the use of
db and Neper scale, moving indicator only, because of db and Neper scale
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being. the reference scales,
Let power ratio of input and output side W, db ccrreSpondihg to Wis,
dy (WD=101log W '

In this case calculate power ratio first by C and I scale and take db
reading om L scale,

(6) Calculation of Resonance Frequency

Resonance frequency F of alternating current circuit with inductance [

and capacity C is expresé.ed by the formula:

1
T 2n N IC
This kind of calculation may be done with joint use of i, ¢ and F scales.
Generally speaking, mistaken result would be given, if I and C were not

F

adequately set, because this calculation’ includes Square roots. However,
section to set the value of L and C and placing decimal point are clearly
shown by indexes in red on this slide rule, which prevents perfectly these
mis-operations.

Example 6 .
Find the resonance frequency F, if L=7uH and C=50pF are given,
. Answer 8.5mc/s (Fig. 78)
Method Set red line F of the slide to 7 u & (index 0 on I scale.
Set indicator to 50pF (index 1) on C scale, under the hairline read off 85
on scale F.

According to the law of placing decimal point, from F=0+1=] answer
is found as 8.5 mc/s

L 7C0)
s0C1> A

o-

.

85,(1)
' Fig. 78
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Example 7
Given Fe500 ke/s and C=300pF, find L.
Answer L=336 u H (Fig. 79)

To 500 KC (index 2) on F gcale, set 300 pF (index 1) of C scale.
Qpposite red gauge line F of the slide, read 336 on L scale. According

i fo the law of placing decimal peint L=2-1=1, answer is 336;: H.

+ *

L 336012

c 300(1)
Iy

. _ . 5
| ‘ F 500(2)
(* Fig. 79

o T Calculntioﬁ of Surge Impedance.-

F ' Let inductance and Capacitance per unit length of the line be L and C,
5' then surge impedance is solved from the formula: ‘

‘: , R
| N Xy T

This formula is also available for the calculation of comstant K type
filter. To solve this problem by this slide rule, we use in convenience L ¢

and A scales,
Symbolic law of placing decimal point: X=L-C

" Example 8
L=250 mH and C=350 pF are given.
Find surge impedance X )
Answer X=268 K@ (Fig. 800
To 250 mH (index 3) of L scale, set 350 pF (index 1) on C scale.
Opposite red gauge line F of the slide, read significant figure 268 on 4

scale. According to the law of placing decimal point, X=3--1=2
Answer is given as 268 K0

49

Al . 2B
L t* ° 250(3)
I < [ /350(1)

Fig. 80

(8) Calculation of Reactance

Inductive reactance X; and capacitive reactance Xe¢ on basis of inductance
L anc.i capacity C are calculated from the following formula:

1

Xr=2rn FL =
§4 Xc 27 FC

where F=regonance frequency

Law of placing decimal point is as follows:

Xy=2l—F
Xe=F—320
Example 9 ‘

Given F=500 kc/s and L=10 mH

Find X, Answer X;=314KQ (Fig. 81>

Computation may be made through the groups of scales for multiplication
and division on front face of the slide ruje and deci
placed.

mal point is adequately

However, the following operating procedure shows easy way of placing
decimal point: find € to meet with resonance condition from the value of F
and L. X; may be found out from C & L.

L 10(2)
& 1ol
o
ETE))

. Fig. 81



Fig. 81

To 10 mH {index 2) on L scale, set red gauge line F first. Opposite 500
kcfs on F scale, read 1.01 on & scale. To 10mH on L scale, set 101 on C

scales. \ ;
Opposite red gauge line F of the slide, read significant flgures 314 on A

scale,
Answer is 314 K@ by the law of placing decimal point X=2%2-3=1
(Note) In this case value of C is only used for “parameter " and it is not

necessary to know its index value.

(9) Relation between Wave Length and Freguency.

. Imasmuch as frequency scale F and wave length scale @ are provided for
this slide rule as “reference scales” relation between frequency and wave
len.gth is easily found out.

Law of placing decimal point is as follows:
F(Kcfs)x (M H=3x10*

As a reference, the relation is shown in the following table. .

' F | 100KC | 1000KC 10MC 100MC | 1000MC | 10000MC

A | 3000M 300M | - 30M 3M 30CM 3CM

N o e

Gauge marks

Following gauge marks are provided on this slide rule.
C(1.128 on C scale of front face) Calculation of circle area.
F(on rear face of the slide) Impedance, reactance and frequency.
R(57.29 on C scale of front face) Conversion 6f degree to Radian

e B

VII No. 259 (10 inches)
Duplex Slide Rul
No. 279 (20 inehes)_} pemEIe Tt

(For Expert Mechanical Engineer)

(1) General Description (See figure on page 106)
Characteristics '

Various kinds of scales-are $o specially designed in arrange;nent that to
ﬁm at the convenient use by the expert mechanical engineer. Above all, funce
tion of TLog Log scale which is necessary for exponential calculation frequently
needed in an empirical formula has been enlarged such as extention of value of
A for A= to 1.001~22000, and alse LLo, LL;, L1, 1L, scales in case of positive
value of x exponent and LLjo, LLf1, LLj2, LL{3 scales in case of negative
value of ¥ exponent are provided. !

Trigonometric function scales are designed with * Rietz” system and
graduations of angle are furnished with so called Deci-trig system which is
expressed in degree and its decimal fraction, and also complementary angles are
lettered in red. We believe that this slide rule has an epoch-making excellence
over ordinary slide rule for mechanical engineer. There are two kinds No,
259 (10 inches) and No. 279 (20 inches) and the latter may be well designed
for test room or laboratory uase,

Arrangement and use of scale

Front face:

DF, CF, CIF {a-fold), D, C, (4 Multiplication and division

L g Commeon logarithm

K . Cube and Cube roots

LLo, LLfo Exponential calculation

Rear Face; .

LL{1, LL{2, LL{3 - Ezponential calculation with negative ex-
ponent '

C, LLy, LL;, LL, N " Exponential calculation with positive exponent

A, B ' Square and Square roots

1,8 8T, D " Trigonometric function




(2) Multiplication and Division

Operation of slide rule for muttiplication, division and proportion are done
in the same way as in the fundamental caleulation of II and III, IV, V-(2),
because n-fold scales are provided on this slide rule.

Following examples show the multiplication and difision of combination
of 3 or more numbers and proves how high its operating efficiency is,

Example 1°
18x 45x37
W-?‘- 44-9
DR w | ®
CF] p T
C! 45 G 20/ 37
D‘ T D[ T 449
@D @ K
Fig, 82

Mental fatigue will be far more diminished by alternative operation of multi-
pliction and division, even though there is no priority or definite procedure,

Indicator might as well be operated at about middle part of the slide rule.
. Placing the decimal point for answer may be made much easier in usmg round
up figures and compute mentally as follows:

20x45x40
20x30 P :

" And comparing with this to the significant figure 449 which obtained by the
slide rule, the answer is decided as 449, This method is so called * compar-

ison” or * Mental survey ” method which has been mainly developed in 1].5.A.

Example 2

1.843 % 92 x 2.45x 0.584 x 365= 88500

1813x2.45x365
(/92D % (1/0.584) 4

This equation is changed to the form of

operated as in Fig. 84

- [
) | DF!_E,_ ggg
94 2 & a T sy
DI 1843 : ' DI @
[3)
Fig. 83

Method of placing decimal point is roughly estimated as follows:
2 %100 x 2.5 % 0.6 x 300=90,000
Hence answer is decided as 88,600 °*

Example 3
0.873 % 46.5 % 6,25 x 0.75
712
In the same way as in Example 2, the equation may be changed to the

0.873 x46.5%x0.75 . :
ade e AL d ted as in Fig. 84.
form of TAEXCL625) and operated a g

=26.7

_ @ a -
DF 873 DF L 267
CH ~712 | CF| 2 7
465 CJl 625 1
®

Fig. 84

Rough estimation in placing decimal point is made in the form of
. 1x42 : Bx1 o0 .

Hence the exact answer is 26.7.
(3) Square and Cube

hlﬁltiplication and division relating to square or cube are available by the
use of A, B and K scales in the same way as chapter 11, IV-(3). The follow-
ing example shows the calculation of a litile complicate;l form,

1

Example 4 .
‘ 0.286 x 652 x /2350 x 4/ 5.53

30 =0.755 (Fig. 85)
785 x ~/ 1288 CFig




It is observed that ordinary multiplicétion and division may be applied,
after square roots are computed first through the use of 4 and B scales. And
then quicker operation can be performed in the following way.

Al 5.53 : o
11288 2350 Ci 0286 |
T G w 652
l A
€Y
g 785,/
D 1 755
*
@
Fig. 85

Placing the decimal point easily be made by eliminating similar number
in numerator and denominator as follows.
0.3x(700)x(~/2ﬁ6)x~/73_._0 o
(800D x (4/1000) e

By inspection, answer is decided 0.755.  This method of pointing off is
" called ** elimination ™, .

55
e
Example 6 ——5-—31§i—£083_5 =0.324
~ 525
‘This is converted to the foll_owing form :
_x 300835
537 ~ &/ 525

And it is convenient to operate as calculation of proportion. Figure in paren-
thesis indicates that it is located on rear face.

(K {{1.0835)
B 1 2525
537
D 324
*
Fig. 87

Placing decimal point is done by the use of round u'p figures from the

relation %.: %—, in comparison with figures on the Slide Rule. Answer

is decided as x=0.324.

Example 7  L736x6.45x V8590 % ¥ 581 _ 46,0
~ 278

Procedure of calculation is started with cube root first, then sguare root
next and finally ordinary multiplication and division. It may be made much
easier than we expected.

Example 5 ,
; #Ix 875x 278
72203172 ~ 9%
@D
Al *

L 458 ¥
B 875 Bl 778 pl
C 722/ C 1 0.317

1:1 3.14 =

Fig. 8

Placing decimal point is made by the use of round up figures,
10 % 1000 x 300 . .
*W#BOOO Answer is evidently 4580 by observation of significant

figures,

(D *
(KO 581 ) I 1643
B) (85907 CFCB)] (278)N645
Cl T 1.736 T
@ @
Tig. 88

278 were both intentionally set at the left hand side of B scale in order to
avoid answer falls off scale.




Placing decimal point of answer is worked out with regard to the value
on slide rule from the following round up figures and 1643 is decided as

answer.
2x5x1007>i_1600
5
3
(4) Logarithm and Exponent.
Logarithm

Using L or LL scale, common and natural logarithms are found in the same
way a3 in chapter III, IV—(4),

Exponential function

Log log scales to be used for exponential calculation include not only LL/1,
LLj2, LL[3, reciprocal scales of LL,, LL, and LI, which are provided on other
kinds of slide rule in order to use them for the calculation of A" in which
exponent # is positive or negative, but also addition of LLo, and LLj, 0 as to

enfarge the range of their application. .

These scales have broad range of value A which covers 1.001-22000 and
0.00005-0.999 respectively.

-

Next to LLo or LLfo scale might be considered common logarithmic scale,
D. Therefore we are not speaking too much, even thoug'h we say this slide
rule provides complete Log Log scale on realistic basis.

As shown by Fig. 89, these Log Log scales are divided into several groups
extending to right or left from middle point zero, with base of natural fogarithm
e, ¢ and es01,

LL,’, LLs L1, 114 LLy, LL; LL; Ll,
- 4 |

- |
e—lﬂ el pg—ot e—o0l e—ﬂ 001 1] e0-00t 0401 eb t & il

Fig. 89

LL and LL{ scales which have the same numberifig are in the relation of
reciprocal each other as shown in the above Fig.

Example 8 3821433 -
e~ 0,508
LL/ 0.693*
: T
D 0.36
LL, 1.433*
Fig. 90 ]
Example 9 T2 g
B.32%5=232
-
28/ 7.2
113 833 T30
Fig. 91
] 64
Example 10 PV 085 = 0,851 = 0.756
LL/d 0.8  0.756*
2 3
q 51 6.4
Fig. 92

(6) Trigonometric Function and Vector

Since trigonométric function ‘scales of this slide rule are S, T, and ST, of
Rietz system, operation of the rule’is carried out in the same way as in chapter
IV(5). But we would like to call attention that calculation on an application
of graphical figure should be made by other method, because of no D/ scale. .



Of course, the same ocperation as in chapter II~(5) may be made by
taking the slide out of tha stock and put in reverse direction. Specific opera-
tion of this slide rule is explained in the following applied example.

In this case the fact that angle Is expressed in « deci-trig” system with
degree and decimal fraction should be bear in mind.

Complementary angle is written in red on S, T, and ST scales in the
same as No. 251,

Solution of triangle

Example 11 Find solution of triangle of Fig. 93

Answer b=35.5 ¢=53.3 C=75°
C=180°—*C40°+65°)=75°

L 4
5 40  65°75°
N
II] 35.5 30 53.3
* *
Fig. 93
Example 12 Find solution of triangle of Fig, 94
Answer =558
c=80.7
b 1
) 25° 38° g3°
. h"
A C .4 D 383 E58 H0.7 I
[ ]

Example 13  Find ¢ and ¢ of Fig. 95
Answer 036.9% ¢=5

T 36.9°
D 3 4
I :
N [
Sl 36.9°
: I
(6]
Fig. 95
Example 14
Given three sides of a triangle a=15, b=18, ¢=20, find angle 4, B, C.
. bty ct—a?

From the formula cos A.—.T, find angle A, that is

1824 20°—15% 19

@8 A= 18x30 — 720 _
By the operation of * proportion” A=:46.1° (Red figure on S scale). Thu:
Q
by sine proportion through the use of S and D scales, we get B=59.9° C=74.0

Multiplicatien & Division including Trigonometric Function

Example 15
4 sin 38°

=2.735
tand2®
n iz
S 38° 'l
2735 )
Fig. 9

17 17 8in 72° tan 20° _
Example 16 6.1y 1 33 3.96




To 17 on the right half of A scale, set indicator hairline. Set 22 on C
scale under the hairline and move indicator to 20° on T scale.
Set 6.1 on CF scale under the hairline of indicator. Move indicator to 1

at the left end of scale.
Opposite the hairline of indicator, set the right index of € scale and move

indicator to 72° on S scale,
" Opposite indicator, read 3.96 on D scale.

Vector Calculation

Example 17 3.6-+71.63=3.95 [24.4°

*
24-40 \l 24-40/
Ny

1.63 3.6 D ] 3.95 J
T *

) , )
Fig. 97 - B

Example I8 Analyze the following' vector,
Answer x=21.1 Y= 16.5

90“~3S°:—- 52¢
e 4
38° 52° \
Dj 16.5 211 26.8
* ®

Fig. 98

(Note) Practically it is much better to use red figures on S scale, instead
of calculating complementary angle.
Example 19 Calculate Vectors in Fig. 99.
Answer x=325

368 Y Y . X
sin30° ~ sin65°  sin50°  sin28°

61

Solving two proportional equation of sin, find x=325

(6) Hyperbolic Function

To obtain hyperbolic function by this slide rule, LL and LI/ scales are
used with the application of the following formula:

i er—e ¥ e’ e—%
Sin kx=-—— e
P cosk x 2

er—g—t eta—1
tan Ax= =
er{-g— % ey 1

Example 20 sin 41.04==1,238
cos 21.04=1.592
tan /1.04=0.777

In line with the procedure shown in Fig, 100, find el'M=2.83, 1120354
e*0 =80 )

From these values we get

Sl 1 O 200 = 0053 ‘20'353 =1.239
cos £ 1.04= @3-120;@= 1.502
80-1 7
tan Me——=—=0.
BLOA= g = T 0777
- -
L] o0k
L .
D 04 708
LL, 2.83, 8.0,
Fig. 100

O T P

Gauge Marks
Following gauge marks are provided on this slide rule.
¢ (1128 on C scale on rear face)...Calculation of circle area,
R(57.29 on C scale on rear face)...Conversion of degree and radian.

[N i



VIIL No. 154 (20 inches) Duplex slide rule
(For_ expert electrical engineer)

{1) General description (See figure on page 108)
{fCharacteﬂstics) ' .
This slide rule has been designed for use of expert electrical engineer and
provides different arrangement of scales and graduations from No, 255 or No:
275.

Especially, purpose of this slide rule lies in simplification of calculation

for Vector and hyperbolic function relating to the calculation for theory of
‘electricity or electric power transmission line. -

' Feature of graduation of this scale is that for vector computation purpose
by the use of un-logarithmic scales P and @ which are never seen in any
other slide rule, calculation of form of A_/Ei’t—bf may be possible to be worked
out just the same as an ordinary multiplication and division. This slide rule
also provides two kinds of trigomometric function scales with angle unit of
degree or Rmdian.

This, is one of the remarkable feature of this slide rule in which these

two units are Ieft to user’s choice.

(Arrangement and usage of scale)

FRONT FACE:
DF, CF (=~fold) CI, D Multiplication and division
B P,Q - Absolate value of vector
S 67 (referred to A scale) 1
4 : J‘Vector angle (degree) -
K Cube
REAR FACE: )
Sx, Tx (veferred to D scaled Trigonometric function (Radian)
T8 W b) tan 0 (degree)
Th, Sh Hyperbolic function ’
D C Multiplication and division.
L X Logarithm, conversion of degree apd
Radian ‘ e

(2) Mnultiplication and Division

Calculation is worked out by joint use of n-fold scales CF, DF and
ordinary scales (7, € and D. The operating method is almost the same
principle as in the chapter II (Fundamental Calculation) or 1V—(4)

But this slide rule has nc CIF scale. Therefore certain procedure in
operation should be taken into consideration. If division is performed by
‘indicator operation, be careful to avoid the divisor falling off CJf scale.

Example 1 3.5+-2.2+1.5=1.06 (Fig. 101D

If the calculation is made in the order of above equation through CD, CI
scales, division by 1.5 falls off scale, In order to avoid falling off scale, the
following operation is recommended.

It is noted that:

Set dividend 3.5 on DF scale. s

Divide it by 1.5 on CF scale, taking into consideration the movement of
the slide, -

Move indicator to 2.2 on CJ scale.

DF | 35 l
CF N 1 ~Lb
C : 2.2
5) 1.06
* -
Fig. 101

(8) Sguare, Cube, Logarithm
Square Calculation has to be done in the same way as in. chapter VI-{2)
) Cube calculation is made in the same way as in chapter 1V={3) by the
use of K scale. Common logarithm is found by the use of L scale in the same

‘way as in chapter ITI-74).

Typical examples of varicus forms are explained in the following para-
graph briefly. ’

Example 2 18.42::3386
/1532 =3915




&4
= ] i
Al 338.6 15.32
D 18.4 3.915
T []
Fig. 102
Example 3 3.26"==346
1862 = 4417
. + *
D + 326 4,417
. 346 86.2 s
* T
Fig. 103
Example 4 1og,0 385=2.5855

Opposife 385 on D scale, read mantissa 0.5855 on L ‘scale. The charac-
teristic is found by the usual rule, taking one less than the number of figures

.st the left of the decimal point of given number as 3—1=2
Answer is 2.2855

Example 5 logio Sin (0.348)=1.5328
Opposite 0.348 on S, scale, read mantissa 0.5328 on L scale. Since the

decimal point precedes the first digit of Sin €0.348), characteristic is decided as 1.

Example 6 logtan 30°=1.7615

Angle is given in degree.
Opposite 30 on 7¥° scale, read mantissa 07615 on L scale. Thg charac-

teristic is the same as previous example.

Example 7 - Jog 1otan / (0.348) = 1.5245 _
Opposite 0.348 on Tk scale, read 0.5245 on L scale. In the same way as

in Ex 6, characteristic is 1.

.Example 11

65

) Trigonometric Function and Vector

Trigonometric Function
Trigonometric function scales which are classified fouf kinds:
Sy (Radian vs, Sine) !
T (Radian vs. Tangent) | —With referred to D scale.
T¥°(Degree vs. Tangent)

56°(Degree vs. Sine) —With referred to A scale.

Accordingly, trigonometric function of given angle, either in degree or
radian is calculated directly. 79° and S¢° scales are lettered their comple-
mentary angles in red figure. Using these angles cot® and cosé can also be

computed, 2

8in 19.5°=0.334
08 19.5°=0.943
Insert the slide exactly into the stock, and opposite 19.5° in black figure

and 19.5° in red figure on 58° scale, read 0.334 and 0.943 respectively on A
scale,

Example 8

Example 9 tan 23.4°=0.433
cot 23.4°=2.314
Set indicator to 23.4 on 79° Scale.
Read 0.433 and 2.314 on D and Cf scale under the hairline.

Example 10 sin (0.345)=0.3385

Opposite 0.345 on S, scale, read 0.3385 on D scale.

tan (0.4861=0.5285

Opposite 0.486 on 7% scale, read 0.5285 en D scale.
Furthermore, conversion from degrge to Radian or its reverse operation is
possible with use of L and X scales as \'._feference scale”

Vector

To find out the absolute value of vector, this slide rule provides un-
logarithmic scale P, Q and extended scale P,



By the use of these scales, form of A/ @3Lb% is computed in the same opcra-

tion as ordinary multiplication and division.

Example 12 &/ 3528+ 586 =6.836

; *
3.52 6.836

Fig. 104

Example 13 o/ B63F_338 =7.94

P 3’94 /g% | |

Fig. 105

Example 14 A~ 68521 0,562 =11.76

P 11.76%
P 1t

e 685 = il

Fig. 106

Example 15 4/10.755—8.22¢ =6.928
p 10.75 ; =
P ‘

q - /'8.22

Fig. 107

Example 16 ~/21.65— 86t =1982

If given numbers do not lie within the range of Pand P’ scales, individual
number multiplied by 1/2 and then computed in the form of +/10.8%—4.3% =991
as in the previous example. -

Finally, answer is given by menially as

9.91 % 2=:19.82

Example 17 . 6.8 /86 =613 +/2.94 .
The following relation is used, because this is nothing but the conversion
of vector in polar coordinate system to rectangular coordinate system.
Aelt=Acosb+7Asind
Set right index of the slide to 6.8 on A scale as shown by Fig. 108, Move

indicator to 256° in red and 256° in black on S$8” scale. Read A cosf=6.13
and A Sin0=2.94 under the hairline of indicator. Then Answer is6.13+ 7294,

0[ 1 —7
S . 256 czs.e)\_l
2.04 6.13 6.8
* #
Fig. 108

(Note) Figures in parenthesis indicate red figures in the above diaé-ram.

Example 18 7.8 |0.38 =7.245+12.895

Since angle is given in Radian, set 7.8 on CIf scale to 0.38 on S, scale.
Opposite the.leﬂ: index on C scale, read the imaginary part 2895 on D
scale. ‘ )

Set 2.895 on Q scale to 7.8 on P scale.

Opposite zero on Q scale, read the real part 7.245 on P scale.

Example 19 3.45+78.24~=8.933 |67.3°
This is the example of conversion of a+/b to polar coordinate system.

Computation may be done from A=+~¢®+5% and 8=tan—! %.




"Find ~/ 34557808 ~8.933 by the use of P and Q scales.
Find % on D scale as shown by Fig. 109,

Opposite the value cf«fT on D scale, read angle 8=67.3° in red on 74 scale.

'

Td (67.3°)
B o 824,/
_ D 545
Fig. 109

b =5
(Note) Since it is noted to solve this example that ;)1 and 67>45°,
answer is read in red figure.

Example 20 6.32+72.56=6.82 [22.05°

Different way of operation is explained in this example. Set two indicators,
attached to this slide rule to 6.32 and 2.56 on A scales.

The slide is slowly moved to the left until angle S®° in red and black
figure which are given under the hairline of indicators reach the same value.
‘This same angle 22.05° is the phase angle of vector. Opposite'the right index
of 58°, read 6.82 on A scale which is the absolute value of the vector.

AN

- * *
S 22.05° £22.05%)
2.56 632 6382
T + *

Fig. 110

(5) Hyperbolic Function

Hyperbolic Function

Logarithmic scales of hyperbolic function, Th and Sk are provided on the
slide for computation of hyperbalic function.

Method of operation of this slide rule is almost the same as No. 255.
Since these scales are on the slide, answer is given by the shifting of indicator

with referred to C scale, or by setting the slide exactly in the stock the
answer is given by the shifting of indicator with referred to D scale.

Example 21 tan & (0.522)=0.4792
sin & (0.428) = 0.4415

T [ 0.522
Sﬂ 0,428 1
D, 0.4416  0.4702
* *
Fig~111
. " sin Ax
. To find cos-hx, solution be. given from the formula cos kx= e
a

If sin Ax<{10, answer will be given simply by the use of P and P scales
ag example 22. :

Example 22 Let sin Ax=0.48, find cos k.
Ans. 1.1092
P/ 1.1092%
P 0.48
N\ T
Fig. 112 :

Hyperbolic function of complex angle
Hyperbolic function of éomplex angle a+#b is given from the following
formula:
sin h Ca ¢ fb)=sinka - cos b+-fcos ka - sind
cos A (a+ b)) =cosha - cos b+ fsin ha « sin b
To find in the form of polar system,
C ain% et jb)sztan—lctan Bbitan ha)
€08 h{a +7b)= »/sink?a+ cos®tan —!(tanb.tan ha)

Example 23 sin A (082+;1.25=0.3314+51.263
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x R and gD are computed from above constants as follows.
Find complementary angle - ~1.2=0.3708 of angle 1.2 : 761 S
e 30 10 '9.1°
R 31255 x10%9.1° =5859.1
N Y Ze= T2 x 21225 % 10--380.9° =0. 01964+j0.1220
1.01964 4-70.1220  1.026 [6.:83'
0.98036—70.1220 ~ 0. 98757.10°
13.93°

Y= —2— =6.965=0.12155

Set the riéht index of C scale to 0.3708 on Sx scale.

Opposite 0.82 on Sh scale, read real part 0.3314 on D scale.

Then opposite 0.82 on Sh scale, read Sin 4 (0.82)=0915 on C scale,
Find cos 5 (0.82)=1.3654 by the use of P and P’ scales,

Set the right index of C scale to 1.2 on Sz scale.

Opposite 1.3554 on C scale read imaginary part 1.263 on D scale.

e = 1,080 13.93°

x=1.1513 log;, 1.039=0.01905
£D=0.01905+#0.12155=0.1231 [81.12*
£=1.579x10-%81.12°

From these values
Z=Re=0.924 [72.02° =0.2852 + 0.8795 ohms/km

Example 24 cos h (0.82+71.2)=0.491 4 70.8525

From the above equation )
08 5 (0.82 +71.2)=cos & (0.820c0sC 1.2)+7 sin 4 0.82) sin 1.2
=08 A (0.82)sin(0.3708)+ sin A(0.82) sinl.2
=1.3554 x 0.3627 + 70.915 x 0.933
=0.491 + 70.8525

y= __% 2,600 % 10-600.22°72.699 x 10-*mho

! Gauge marks
This slide rule, provides the following gauge marks. )
C (1.128 of C D scalées on Reur face) calculation of circle area.
x (3.14159 of C D scales on Rear face) . Ratio of circumference of circle
o ' to its diameter.

B

Computation of Line constants
As an example of application of hyperbolic function in electrical engine-
ering, computation of admittance y, impedance £ per wmit lenpth is shown
under the following assumption.
. One end of line opened. )
Admittance Y, measured from the other end of a line. .
Impedance Z; measured from the other end with one end short'circuited.
In case of above condition, relation exists as follows: '

tantheD
R

IX. No. 153 (10 inches) Duplex Slide Rule "y
(For Electrical engineers) ‘ o
(1) General Description (See figure on page 107)

Yo= , Zew RtanhgD.

(Characteristics) )

This slide rule has almost similar scale arrangement to No. 154 rule.

And enabling not only to perform calculations of Vector prob[em,
Hyperbollc Functions, but also Higher exponent.

Back bone of scales on this rule is an Un-logarithmic scale P (Q), and in
addition to this, it has Log Log scales for Higher exponent Calculation, and
scale G for H&perbolic functions as well as ordinary scales for Multiplication

From the formula ys:—fa* Z=¢R

Required line constants are determined.

.Example 25
Find unit line constant per km from the following values, with line
length of 77.9km under 60 cycles.
Ye=212.25x10-990 mho

Z;=T261 {71.8° and Division.
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Naturally the usage of this rule is more wider than that of No. 154 rule,
that is: it can deal with the form ~/¢®L ¥ which shows the absolute wvalue
af given vector, reading values of sine cosine and tangent for the angle in

any measure, degree system or radian system at the same tire as well as

all the hyperbolic functions. Furthermore, it is able to perform Calculations”

of the form e® which is very important for studies on alternating theory,

characteristics of long transmission electric line and” problems of electric’

oscillation, etc.

Scale arrangement and their usage

Front face.
L ver.-.LOgarithms
K s Cubes and Cube roots
A B . R Sguares and Square roots
cIcp Multiplication, Division and Proportion
5 Trigoenometric tangent and Hyperbolic sine.
;] R Angle of Gudermant.
Back face : '
BRE L. Angles in degree or radian measure
PR ... Absolute value of Vector.
C
b5 .+....Highet exponent
LL,
LL,
L4 (2) Multiplication and Division

This rule is provided CJ, € and D scales for ordinary Multiplication and
Division.

Therefore, if we 'consider merely above mentioned matter, thisﬂ rule some
what inferior comparing to other rules which are provided with folded acales
CF, DF and CIF.

73
Multiplication _
.Example 1 Ixdxb=60
CJ 4 1
o 5 I
D (3x412) 3 60

Fig. 113

Fig. 113 shows the case of successive multiplication of 3 factors, and the )
product of 2 factors, for instance 3x4=12, can only be obtained by slide opera-
tion as shown in parenthesis in the same figure, ‘

In the second operation, you will often meet with the “Off scale”. In
such a case, you must set hairline to the sequence of preceding slide operation,
and again proceed the calculation newly by slide operation.

Division
Example 2 8+-5-1+4=04
»
1
Cg ]
) 5/
D] 0.4, 8
Fig. 114

For the case of “off scale” in the second operation. you must treat R
just the same to the case of multiplication above mentioned.

L

’

Combined multiplication and division

Example 3 3%6=3‘6 ‘

There are two procedures for this calculation, in the orders of 3+5x6 and
3%x6+5. 4
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You should judge which procedure is more efficient from the stand point :
of lessening the slide shifting. '

E i

7
B 5/ 6 cl . 6,5
D 3 36, ] D 5 3.,

Fig. 115

As the methods of operating C and D for direct proportion and that of
.Cland D for inverse proportion, we have explained them for several times
already in the chapters regarding instruction of other rules.

(3) Square and Cubes
This slide rule is provided with A4, B scales for calculations of sguares
and square roots and K scale for those of cubes and cube roots. These opera-
tions are fully explained in I<3) and IV-C3).

(4) Logarithm and Higher exponents
Operations for Common [ogarithm using I scale, and those for Natural
and Common logarithms using ’LL scale are the same as mentioned in IV~(4)..
And the operation for Higher exponents using C‘ and LL scales are also
the same as that in IV-{4).

(8). Trigonometric functions
This slide rule is d;fferent from other rules for calculations of trigonome-
tric functions_ and has to use Angle scale 6 (for degree measure) or E8 (for
radian measure) in cooperation with un-logarithmic scales, so called Square
scales, P and Q. Fig. 116 shows the general relation of it. '

»D 2
;za 2 -
pl sin 6%
i . q'\ cost
. *
T tane®) I

75
Symbols in parenthesis mean that is on the opposite face of the slide rule.

sin 25°=0.422
€08 25° =(.906
tan 25°=0.466

Exémple 4

L
25°
0,422+
oS 0506,

A ]

T (0.466%)

Fig. 117

sin 0.9=0.783
cos 0.9=0.622
tan 0.9=1.260

Example 5

¢ n
0.9
0.783%

T 260

Fig. 118

(6) Vector calculations
Absolate value

Absolute value of the vector which is given in form of A+7B can be
obtained from the eguation &/ A%+ B% , This calculation will be done using P,
@ and @ scales as easily as that of ordinary multiplication,

Example 6  Get the absolute 'iralug of 20+ 415.
Set 0 on @ scale against 15 on P scale, then we can read. off the answer
Z=25 on P ecale against 20 on @ scale.
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Pl 15 25 '
T 7
1
Fig. 119
o A\
Example 7 - /38910952 =102.3

If we perform this calculation as the example 6, then, we shall see that
P scale becomes “ Off scale ™. )
So, we maust take one of the other convenient processes as follows

1
38 N\
,§ 102.3% 9
- Fig. 120

In case you do not use @’ acale, multiply or divide the given numbers by
a simple digit as 2 or 1/2 so as to be treated them in the range of P and Q
scale, and its sequence must be reduced by reverse treatment to get the right
answer (Ref. Fig. 121) '

3 19 51.2* 38+2=19
! 7 .
T e 95+-2:47.5
‘ 51.2x 2=102.4
Fig. 121

Phase angle

The phase angle ¢ between the real part A4 and the absolute valve of -

given vector which is reprﬁen\t,ed by the form A+jB, can be solved as,

B :
$§=tan-1! a- For indtance, in the example 6, 8=tan—* %m.‘?ﬁ&".

> (36.9°%)

c 20,/ X
B 15 Tt
P 075 ¥
Fig. 122

-Firstly, calculate ——;% using C and D and replace its sequence 075 on T

scale by the aid of indicator. Then, we can read §=36.9° on 8 scale on the

back face under the hair line.

Conversion of measure 0f angle
Using scales 6§ and Ko in * Reference scales”, we can convert the measure

of angles, degree into radian and vice versa.

Example 8 Convert 42° into radians
1.005 radian into degrees

»

Ans. 0,733 radian

57.6 degree
1 £ "
LB 42° 57.6°%
Re 0.733, 1005
T
Fig. 123

Conversion of coordinates
Summerizing above mentioned technigues, we can convert the coordinates

of given vector of the form A+jB into that of Z |8, and vice versa.

Exaﬂple 9 Convert 6.854-722.8 into polar coordinates.

In convenience, multiply every term of given numbers by 2, and operate
as shown in Fig. 124,

Dividing its sequence 47.6 by 2, we get the absolute value Z=23.8

For the Calculation of phaée angle, firstly divide 22.8 by 6.85 using C and
D scale. -
Replacing its sequence on 7 scale we get- 8==73.3° on & scale.
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. (@l ' (73.3°7
13.7 476 _ T
q 456
{ _ 6.85,/
= 228 3834~ )
2 ay

Fig. 124

Example 10 Convert 1.407 |0.594 in_to rectangular coordinates.

Calculate Sin6=0.559 and Cos8=0.829 by.cooperative use of R, P and @
and then, by ordinary multiplication using C and D, we get as the. real part
of the vector 1.407 x 0.828=1.17 and the imaginary part 1.407 x0.559=0.786.

n
1}," 0.50%
0.550%
o , 07539,

Fig. 125

(7) Hyperholic functions

To get hyperbolic functions, Gb scale is available, If you set the given
argument x on G& scale you can get the value of sin A% on 7 scale, and that

of tan Ax on P scale under the hair line of indicator.

Example 11 sin 4 0.32=0.325
0325
2y
0.32
Ge -
' Fig. 126
Example 12 tan # 0.83=0.681

79
€39 (0.681%)
T
GA) 0.83
Fig. 127
Example 13 cos A (.55= 1.155

Procedure 1

PSR

Firstly using G®, get sin #0.55=0,578 on T scale. Then, repfacing this
sequence on @ scale, and against it, get the answer on &' scale as 1.155.

rocedure 2

e i,

By the aid of hair lire, set the left index of C to 0.55 on Gb scale
Against the right index of P, we get sech 0.55=0.866 on @ scale. Finally,
its reciprocal cos? 0.55=17155 can be read easily using C and C7 scales.

Hyparbolic function of complex argument

Hyperbolic functions of complex argument as sinh(a+ A and tanh
{atfb), will be obtained from formulas as shown N-{6) or VII-(5).

(8) Applicatien on Electrical problems

Example 14
" Compute the effective value of a voltage wave which contains higher
harmonics, assuming effective: values of its component as follows.

The fundz;mental wave Fe =82

The 3rd harmonics .  Ee=25 and

The 5th harmonies Eu=12

. Boym & E%y r FPy 1 Fpy= 4/ 8254 250 107 = 86.6 _

Set 0 on Q to 82 on P, move the hairline to 25 on Q, set 0 on @ to the

hairline, and then, we can read the answer 86.6 on P against 12 on Q.

Example 15 ‘
compute the current in an electric circuit, which impedance is 2443.2 and
the potentia! difference between its terminal_s 48 50+ 715.
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* - @ (73.3°*
137 476 . I T
Q 456 :
1 6.85,/
D) 228 233,41}
2 53,39
Fig. 124

Example 10 Convert 1.407 | 0.594 into rectangular coordinates.

Calculate Sin 6=0.559 and Cos6=0.820 by.cooperative use of RS, P and Q
and then, by ordinary multiplication using C and D, we get as the. real part
of the vector 1,407 x 0.829=:1.17 and the imaginary part 1.407 x0.559=10.786.

i

R l
0,555%
q 0F,

Fig. 125

(7) Hyperbolie functions

To get hyperbolic functions, Gb scale is available. If you set the given
argument x on GO scale you can get the value of sin Ax on T scale, and that
‘of tan sx on P scale under the hair line of indicator, '

Example 11 sin £0.32=0.325
0.325*
T
Go Q.32
T
Fig. 126
Example 12 tan 20.83=0.681

79
49! (0.681%)
T
G4 0.83
Fig. 127
Example 13 cog % 0.55=1.155

o o,

Firstly using G8, get sin £0.55=0.578 on T scale. Then, repfacing this
sequence on & scale, and against it, get the answer on &’ scale as 1.155.

_Procedure 2

" By the aid of hair line, set the left index of C to 0.55 on Gb scale.
Against the right index of P, we get seck 0.55=0.866 on @ scale. Finally,
jts reciprocal cos b 0.55=:1.155 can be read easily using C and CF scales.

Hyperholic function of complex argument

Hyperbolic functions of complex argument as sink (a4 % and tank
{atyb), will be cobtained from fermulas as shown ¥-{6) or VIII-(5).

(8) Application on Electrical problems

Example 14

Compute the effective value of a voltage wave which contains higher
harmonics, assuming effective values of its component as follows.

The funde.unental wave Eo=82

The 3rd harmonics . Eg==25 and

The 5th harmonics Ees=12

By Eor 4 Byt B = v/ 6254 258 1122 86.6

Set 0 on @ to 82 on P, move the haitline to 25 on @, set 0 on @ to the

hairliné, anci then, we can read the answer 86.6 on P against 12 on @,

Example 15
compute t}_ge curtent in an electric circuit, which impedance is 24732 and
the potential difference between its terminals is 50+715.




i E 50+J'15
=z T 2ysm32

Representing both numerator and denominator in a polar coordinates, we
have ’
50 +f15=52.2 {0.29
. 2+73.2=3.77 [L.011
and then

. 52.2 ____=
. I= W{O.%—-LOII:M-SB 10.721
If necessary, the answer can be converted into rectangular coordinates as
below :
Uding P and Q scales,
Sin 0.721 =0.661
cos 0.721 =0.751
and multiplying on these sequences by the absclute value 13.85, we get

I=10.4—79.15

o e e e P e it i .

A

Gauge marks:
This slide rule has gauge marks as follows:
7, 2n Con C, D scales)...The ratio of circumf. to the diameter of a circle.
c Con C scale) ...Area of a circle. .
2%, ¢', @', Con C scaled ..Conversion between degree and radian,

X No. 200 (16 inches) Duplex Slide Rule
(Four figures slide rule)

1) Genéral Description (See figure on page 108)
Characieristics

This slide rule has been specially designed to meet with_ the requi;ement
of approximate calculation for four figures, and the function of this rule is.
limited to multiplication, division and proportion. Principle of this slide rule
is based on the system to improve the accuracy of calculation with “long
scale” idea.

81

One unit length of logarithmic scale of 6 x 16”=96" is divided into 6 equal
parts, and D;DyD,D,D,D; scales on the stock and CyC.CyC,CsCs on the slide
are arcanged.

Groups of folded scales such as DR DFDFDF,DFDF; and CFICEF,CF,CF,
CF;CF; which are folded at the middle point of individual scales on front
face respectively, are arranged on the rear face, in order to avoid reading falls
off the scale.

In case of using this slide rule, it should be noted that real meaning of
approximate calculation of four figures ought to be understood.

Approximate calculation of four figures means the fourth dfgit is not clear.
In an extreme case such as 2x3=6, if answer is 6, it is absolutely accurate
answer. But on the standpoint of approximate calculation of four figures, it
may be allowable if answer is 6.0004 or 59995, We have to call attention
that if this fact were not fully considered, mrsunderstandmg on the accuracy of
ihe slide rule would liable to be caused.

(2) Multiplication and Division

Example 1 65x% 43 =2795
Set indicator to 65 on D; scale on front face of the stock.
Set index of the slide exactly under the hairline,
.Move indicator to 43 on C; scale of the slide.
Read answer 2795 on D, scale under the hairline,

™ o |
43 A
5 4 I
D,,I 2795%
Fig. 128
Example 2 2.94x4.8-14112




D, 294

CFf 4.8
y

DF,| 14112,

Fig. 129

In this example, rear face is usad in order to avoid falling off the scale.

{Note) To find out the scale on which answer is l:'ead off, it is advisable to
roughly estimate by approximate calculation by the first significant figure as

a reference.

Example 3 97,968.75-+1,375=71.25
Dividend is rounded up 4 figures such as 9797 and operated as shown by

the following Fig.

Dai 12" 797 l
i
c 1375
Fig. 130

6.583 % 7.427
Exarnp]e 4 M—EQZ =10.420

In the form of combination of multiplication and division, division i3 made

at first and next the multiplication to simplify the operation.

3 DFQL £.583 ~
CF 7 TAZT
CF s602 !
DF, 10.420%
Fig. 131

(3) Proportion

. Cal;u!ation of proportion which is one part of multiplication and division
is nothing but of “the reference scale method”. As a typical example, per-
centage calculation is explained as follows: ‘

Example 5 Find percentage of the following areas,
Asia 43,260,000 Sq. km, 32.222
Europe 10,190,000 7.59
North America 24,040,000 17.50
South .America 18,240,000 13.58
Africa 30,000,000 2234
chania 8,560,000 6.37
Total 134,290,000 100,00

At first, assume that area is set on the slide and percentage on the stock.
Set 13429 on C; scale to the right index (100) of the stock on front face.
And successive operation is available by the use of *reference scale method™
through shifting the indicator.

Percentage to areas .are computed by the usz of hoth faces as shown

by Fig. 132.
Dy~ 7.50%
o4 63 |,
C T B.560
2.404 1
_ | 1.824
1.019 [ 1.3429
T .
17.90%
D 13.58*
DF 32.29%
CFy 4.326
CFy t 3.000
‘ g 1
DF1 33.34%

Fig. 132




APPENDIX

(‘1) Explanatory Remarks for Biginners

It is the purpose of this chapter to explain fundamentals of slide rule
concisely for biginners.

Slide Rule is a rough estimating instrument.

Population of Tokyo prefecture is assumed about 3,490,000 in 1945,
Find what percent of the total population of 72,180,000 in all Japan is in
the particular year.

349
7218

This question only requires to find an approximate perceatage, but not to
compute many digits as shown in the previous example. Answer may be
enough by 4.8%. Round up figure like this is called approximate value, Slide
Rule i3 an instrument to make the multiplication and division of an approxi-
mate value, It would take about 15 seconds to get an answer for the previous
example by the use of slide rule, while it would take one minute, if computa-
tion were made by writing. Therefore, the purpose of using a slide rule is to
make calculation efficiently. THat is to say ‘f’SIide rule is an in,s,t{‘jﬂﬂt,t?

=0.04835......

perform rough estimation quickly.”

Now we explain what is the construction of slide rule. A simple slide
rule consists of two scales, one on the slide and the other on the stock, of
which the slide moves on the stock and enables us to make computation.”

An instrument to read scales on the stock and slide at the same time, o

<alled cursor or indicator which slides freely on the stock and slide to the left

or rigﬁt direction is commonly provided.

Let us try to study an addition and subtraction in order to understand
what is the meaning of “to compute by scale.” "

Now if one of two ordinary scales graduated with centimeter is slid on the
other as shown in the following Fig., an addition such as 24+3=5 is performed
hY the use of scales with graduation of equal division.

2+3=
i s

) Fig. 1
You may easily understand that a subtraction can be carried cut by the
reverse procedure of an addition. The following Fig. shows a subtraction
of 6—4=2,
: ™
6l ¥4

]
%
6
1
4
¥

Fig. 2
Don’t you ask question why a multiplication and division can't be per-
formed in the same way as addition and subtraction. This kind of guestion is
very invaluable and it may be said that this is the mother of slide rule inven-
tion.
The special case of multiplication and division through the use of scale
with graduation of equal division is shown in the following Fig.

10?0 1000 x 100 = 100000
|

1
1 0. 100 1000 10000 105000 1000000
! ! | | I J ! i
| ! | ] I
1 10 100 1000 10000 100000 ¢
T ’
. ' i
100

Fig. 3
As shown in the above Fig. multiplication and division of numbers cor-
responding to any power of 10 can be worked out by addition or subtraction
of scale with graduation of equal division.
Subdivision of secondary si)ace is recessary for ordinary multipiication
and division. One of these subdivided secondary space of graduatmn is a funda-
mental of slide rule and is commonly calied D scale.
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Theoretically, graduation of secondary space is entire-
ly the same in all prime spaces. It may be said that

practically the prime space of 1-10 represents all uther‘
-
apaces.

How to read D scale:

The prime space of scale for Multiplication and
division as explained in the previous article is divided
into 9 sub-divisions. As in Fig. 4 graduation of scale
i3 not equal division, but is wide at the left and gradu-

ally becomes narrow at the right. ' But the method of.

reading scale is the same as ordinary scale. (The prime
space). This just like the centimeter graduation of cen-
timeter scale, As explained in the previous article, this
graduation represents also of other prime spaces which
are Multiplied or divided by 107,
Therefore there is not deﬁnife ufiit, For éxample,
graduation with numbering of 2 may be read as 2, 20,

200 or 0.2, 0.02 etc. by usage. Reading the scale with-.

out taking into consideration the decimal point is called
“to read the significant figures ".‘ The first line of each
prime space is numbered, and these lines represent the
first signlficant figure. Each of these prime spaces is
divided into 10 parts, which is called the secondary
space,

The graduation of the secondary space corresponds
to milimeter graduation of centir}mter scale and this
represents the second significant figure ((2) of Fig. 4).

TFurthermore each of these secondary space is sub-
divided into several parts of tertiary space which is
classified three kinds according to width of graduation,

For example the tertiary space of 10 inches slide
rule is shown in Fig. 4. The secondary space between
I and 2 of the prime space is divided into 10 parts

87

which répresent the third significant figure; b parts between 2 and 5 (some-
times between 2 and 4 by kind of slide rule) which represent the third signifi-
cant figure corresponding to even number: 2 parts between 5 and 10, which
represent the third significant figure corresponding to 5.

In order to find significant figure such as 135 (1.35, 13.5, 0.135) by divided
parts of graduation, read the first significant figure 1 between prime 1 and 2
a8 shown by heavy line in (1) of Fig. 4; read the second significant figure 3
I;etween secondary 3 and 4 as shown by heavy line in (2) of Fig, 4; finally
rezd the third significant figure 5 by tertiary line as shown by arrow in (3
of Fig. 4, In line with above mentioned reading procedure of graduation,
range of space i3 gradually reduced until the [ast significant figure being
decided. ]

Jf the approximate number of four digits such as 1358 is requested, the
fourth significant figure 8 is detefmined by inspection taking approximately 80%
of the space between 135 and 1356. This inspection method is always applied
to reading of an ordinary scale,

How to use slide rule:

The use of slide rule means computation through' the shifting of the slide
and indicator. Shifting of the slide and indicator is called slide operation and
W respectively.

The purpose of slide operation is' to bring a graduation of scale on the
slide opposite a graduation of scale on the stock. And the purpose of indicator
operation is to set a figure under the hairline. It is the principle of slide rule
to perform multiplication and division by physical addition and subtraction of
graduation through these two kiqu of‘ operations,

Elementary slide rule operation :

We explain a simple example of multiplication and division operation, ac-

cording to the principle explained in previous paragraph.
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Example 1
2x3=6 3
o
i 4
11 2 3 4 5678910 ,
i I b
] ! | T bil
1 2 3 4 5678910
1 T
] |
2 2x3=6
Fig. 5
Example 2
842,
4
i
| 1
| 1 2 3 4 bH678910
C 1 ([ A I O I O
D] t L il ‘
’ 1 2 3 45678910
T T
| ]
B+4=2 8
Fig. 6

Aithough the principle is indicated in Fig. 5 and 6, to make snap computa-
tion  which is the original function of the slide rule, efficient methods of opera-
tion have been studied, as explained in series of chapters in this manual.

We would like to call reader’s attention that ﬂﬁgg\ql’eng an instrument to
Work out rough estimation snappy.

The repeated practice of slide rule operation is an only way to be skillful
ag well as operation of otlier instrument. It would be no exaggeration to say
there is no principle or theory, We recommend you to make repeated practices
according to the next article “ How to practise slide rule operation.”

(2) Operating Practice of Slide Rale

(1) Should there be any person, who thinks he has already mastered the slide

rule operation only by study of it's principle and theory, it would not make
senge. Since a slide rule is an instrument, practice to master it is absolute-
Iy necessary. The course and method of operating practice for those who
desire to master the slide rule operation to some extent in order to utilize
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slide rule in daily business calculation is explained in detail in this chapler,
(2D Operating practice is divided inte foliowing three kinds:

(@) To be familiar with mechanical handling of slide rule.

(b) Snap reading of graduation.

¢y To be familiar with operation to meet with form to be computed.
Item (a) will be accomplished by practising the shifting of indicator and the slide
with slide rale in hand even when you do not make any calculation. We
exﬁlain the méthod of practice in two parts; indicator and slide operations.

indicator operation

(1) Indicator is moved with tip of thumb,

(2) For instance, to set the indicator to some gradus;tion from right to left
direction, indicator is roughly moved with tip of right thumb and theﬁ
finely adjusted with the aid of left thumb as shown in Fig. 7 when the
hairline approaches the graduation you wish to set, N

(3) Gradually set the haitline on the point at the last step. It should be so
practised that the indicator is set on the point at single movement, with-
out moving back and forth.

/ &

A S~

Fig. 7 Fig. 8

Slide Operation

1) Push one end of the slide with fore finger (thumb is used for holding slide
rule} and thumb and middle fingers are slid along outside edges of the stock.

(2> At the same time another thumb and fore finger are put on one end of
the stock and hold it lightly, (Fig. 8)

(3> When the position of the slide comes closely to the point, the slide is
slightly moved by spring action of tip of fingers squeezing the slide by
both fingers which are putting on the end of the stock.

(4) It is always necessary that finger tip which pushed the end of slide
never be left hold of the slide rule all the time.

(5) Repeat this operating practice from right and left direction alternatively.

3
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Reading of Graduation

It would bz much effective for reading practice that setting or reading of
graduation is made by the indicator or slide operation.

Operating practice at the dictation of instructor

. We peed an instructor to carry out this practice.

" €1 Instructor gives an order “ get set”. Slide rule is put on the desk and
ready for starting practice.

(2> Number is set on the scale previously determined (for instance D or DF
scale) in response to the instructor’s dictation. Complete full operation
until the next reading begins.

(3) Instructor has to adjust the speed of reading.in order to raise up the
time for one gperation from 5 and 3 seconds.

(4) In case of slide operation, indicator is set on 3, approximately the middle
point of D or the center index of DF acale and then graduation of the scale
on the slide (C, CI or CIF) is set under the hairline by moving the slide.

(5) It is desirable that numbers at the dictatibn are read starting from simple
figures to compl:cated ones as shown in the followmg article.’

(6) Take actual record of individual operation. It would be a great help in

" checking the progress of slide rule operation.

“Example of dictation ' ‘

(1) 145 585 168 364 206 545 152 825 282 795
(2> 1265 383 235 657 1605 572 278 742 398 827
(3> 5125 2055 6075 1437 7075 2112 6135 2728 7815 3556

Note: (3) is much useful for quick estimation by the eye
Practice on the form of ‘calculation ;

Multiplication and Division, proportion, square, cube, trigonomettic functicn, -

etc. can be worked out by the operation explained in this Instruction book.
Understanding of operating procedure only would not be useful for
practical operation of siide rule. P
Unless the movement of finger tip as well as physical calculating
posture in guick response to the calculating form is accompl;shed it can't
be said that vou mastered the slide rule operation.

91

Of course the practice is only way to be skilful in slide rule operation.
But it would be more effective to repeat practice of about 5 examples of
same degree than to work combination of different kinds of numbers,

Ar:l},rhow'r multiplication and division are the fundamental of slide rule
operation. Typical examples of these operations are shown as follows:

lEach problem consists of four values including answer, Practise opera-

tion until you finish each example in about 20 seconds.

(1) Successive multiplication (2) Successive division

4.5x%3.2% 58=83.6 8.7-+4.8+7.7::0.235
13%6.56x28=237 2.55-+4.33+-3.5:-(.1683
8.5x1.35x6.33=72.7 12.0+-2.78+1.4=3.08

3.5x2.55%1.86=16.6
7x038x 1.66=1.982

3.7+9.8-+-4.2=0.0809
4.22+0.28+-3.88=3.89

(3) Combination of multiplication and division

_ 345x%2.87

244 *‘:2'23
Ml‘zf';:“:’ -~ =1715
—-MT‘B;.;fGE’ 339
— ”:g: =470

M_L.?Slfcs ;.8? =393

(Note ) It is desirable to operate so that the slide movement is lesgen-
ed, when you compute above example by slide rule operation,

(3) How to select slide rule

Hemmirs slide rule js divided into many kinds. Since individual kind of

slide rule provides specific purpose and characteristics, it is very important to
select a slide rule to meet with your requirement.
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If you investigate how to select a slide rule in the following order,
you never regret to find that your slide rule is ‘not adequate to your work,
after purchasir:.g it.

(i) Remember the general characteristics of symbols of ecales indi-

cated in Table 1.

There are many kinds of scales to be used for slide rule, but their purposes
are definite. It is the first step in selecting slide rule that what kind of scale
should be provided for the slide rule to meet with your usage. Explanation
pertaining to ordinary scales ‘is shown by Table 1.

(Table 1)
Kind of Name of
calculation Scale Remarks
cD These are the fundamental scales of slide rule.
o Multiplication and division are freely available.
o
Kol " CI This is a supplementary scale for C, D scales. Speed
g b . for computation will be increased about 409 with
"E. this scale.
g e _—
e CF DF There are two kinds, one is /I0-fold and the other
=z is mfold. Speed of computation is increased and
'*;;' 8 also troublesome labour is eliminated.
=
CIF Supplementary scale of CF and DF scales.
AEB These are used for computation of square and squ-
are root in joint use with C and D scales.
Square g
and Cube K This is used for computation of cube and cube root
in jolnt use with € and D scales.
L This is the scale to find logarithm in *“reference
scale” with I scale,
Logarithm

! This 8 the scale to find logarithm in * reference
scale” with A scale
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. :
-g ; S Sr These are used for Sin 6 computation
g-{_j T, Th T | These are used for Tan 8 computation
=]
& S&T ST | These are used for computation of Sin 6 and tan &
ﬁ of small angle
LLy LL; | These are the scales t0 find form of A* in joint use
' LLs LI, | with C scale.
Exponent .
LL/G LL{1 | These are the scales to find form of A—= in joint
LL/2 LL{3 | use with C scale.
PP Qg These are used for computation of ahsolute value
: Na £ bE of vectar.
0 x K8 These are graduated in degree and minute system,
Vector and also Radian system. These are available for
supplementary use of vector computation.
‘s Note: Vector computation is méde with use S7
and 77 scales also.
Go This is used for computation of hyperbolic function
Hyperbolic by use of Gudermanian. B
Function
Sh; Sh; ‘These are used for hyperbolic sine calculation.
Tif This is used for hyperbolic tangent calculation,

() Select slide rule with most convenient arrangement of scales

which is useful for your computations frequently used,
Find out No. of slide rule with most suitable sca.Ie for your form of coms

putations which is trequently used, after determmatlon of characteristics and
symbols of scales. Table

2 is indicated for this purpose. Convenience or in-

convenience depends upon the arrangement of scales, even though scale is the

saine.

For instance, there are 5 steps of advantage priorities as shown by the

a thorough study to use it.

Table 2 for computation of trigonometric function. Therefore you have 1o make
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Table 2 indicates classification f)y kind of form of computation and by
advantage priority. In the right side of table, major slide rufe with those

Table 2
’ Advan-
Form of Scale and
Computation Pf'?gfity arrangement Remarks
Speed of computation is 40%
1 Provides CD and CI| quicker than slide rule with
Multiplica- CD scales only.

tion, division

Provides CD, CIand

None off scale, calculation speed

arrangement of scales are listed.
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Mannheim Type

2 .
and CF, DF increases about 20% than (1)
proportion .
3 Provides CD, €7, | Highest class for multiplication
CF, DF and CIF | and division.
A little disadvantage for multi-
1 vaﬁ;f go‘éﬂly o | plication and division, including |
S square and square root.
uare
5 Provides A d-B Convenient for computation, in-
rovides an cluding ‘square and square root.
Cube and Cube root computa-
1 medgslifl{e on the | tion is available, but a little
Cube - Complicated.
2 Providgioi{l’{on the | Convenient for cube and cubg root
Provides L on the i
1 rear face of the Slide operation is necessary.
slide 5
Logarithm s -
: ) . . Done only by indicator operati
Provides L on the " . } by IAGeE _.p i
2 convenient for logarithm of

stock

decimal fraction.

- ) Duptex Type -
10" Pocket Type | 207 10 | 207
50 64 80 130 | 24 35 g4px - N
2640 (8’ 70 153
e 74 66 86 136
2664 2634
45 (8" Lat
250 251 255 | o7%
256 259 279
2664 2690
2634
45 (8" 256 154
50 G4 80 130
2640 (873 30 32 34RK o | 20 BLAE | 205
1ORK 74 66 85 136 259 153 279
2640 (83
5064 2664130 | 3ARK 2634 B
: 250 251
40RK 74 136 66 W | 5an | sBromem
50 80 2654
30 32 34RK
45 &' 4
R 2634 86
64 130 2690 24 66 136 250 251.255
2640 (8" 70 RS 5 154 275 279




Provides 5,7

Trigonometric function of Sin
(6°-90°) and tan (6°-45°) are

found.

Trigonometric|

Function

Provides S, T,
S&T

Trigonometric function of angle
from 6° to 35 is also found.

Provides SFand 77

Computation including {trigono-
Jnetric function.

Very convenient for solution of
triangles and vectors,

| Provides TF, Th,

Sh

Tangent in item 3 is extended
for angle from. 45° to 84°

Provides SI, T1,-DI

The same as jtem 3. Especi-
ally convenient for sine pro-
portion

Exponent

Provides LL,,
LL;, LL,,

Convenient for computation of

1
Nzor Ne

Provides LLy, LLs,
LL,, LLy LL{3,
LLf2, LL{t, LLIO

Range of computation in above
1

“item enlarged to N-# and N =

Hyperbolic

Function

Provides G¢

Sinkx and tankx are found, but
multiplication and division of
these values are not available

Provides Sk,
She, Th

Convenient for multiplication and
division to hyperbolic function

50 80 130
30
Jihi 32 84RK
2640 (87 85 136 15
64 2690 74 66 70 | 251 250 279
L]
45 " 256
26
64 2634 255 275
250
1390 80 86 136 153 251 255
i 275
259 279
153
255 154 275
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(iii) Final decision should be made after investigating type and

dimension suitable for usage.

The slide rule, which has most convenient arrangement of scales for the

purpose of own use, is not limited to one kind.

For example, there are dif-

ference in dimension and types such as slide rule for laboratory use with high

accuracy or for pocket use which is convenient as portable type.

Major

Hemmi’s Slide rules are shown in Tsble 3. Make your final decision what
kind of slide rule you select. Cuts of typical slide rules out of Table 3 are

shown in Appendix 4.

_Those may be used for reference in selecting your

slide rule.
(Table 33
i
ol gt Cat. Scale
- ; = ] Characteristics
=19 No
;' ’ Front face Rear face
| Mannheim slide rule for
50 ABCICPK| SLT general engineer
i ' - Rietz system with exten-
64 gf Bcrc S S&T T sion of red graduation on
) . G D A B
: For electrical engineer
| 80 o1k CIC| s T it eficioncy snd “vole
L g tage drop scales.
T - - R S
L D sin cos, For civil surveying use
2090 oo C D A § S&T T | yith Stadia scales
L) i
2 Darmstadt slide rule with
L R A B I
é.; 130 o D eve g (i o | Ll LL, LL, cszg:le:ca[e and log log
5 ; K DFCFCIC ~/10-fold CF, DF and in-
2664 and -
E DA Th Th L ST\ yorted trig. szales
o} e —_——— —— s
4 5
= | 4RK |ABCICDK| SLT No. 50 Propagation type
2640 |LABCICD| SKT No. 50 for Stpdent
My a T ey B &
A e Y No. 2664 7 7
Lis, A BCIC]
o 86 DL%.LR K SLT No. 80 for PockeF use
66 EABCICl s seT T | No. 64 for Pocket use
B |tE AP i(:;’l  LL, LLy LLy | No. 130 for pocket use

20"(

"H 4 B CIC

70 DL S 5&T T 64 for laboratory.
34RK | ABCICDK| SLT No. 50 for Pocket use
5263 | & Ig’i‘CF €l g Th L SI | No. 2664 for pocket use
74 g g 8EY g S&T T | No. 64 for pocket use
30 ABCICD SLT Smallest type of No, 50
L4
4 92 ABCICD SL T Tndicator with lens atta-
_— - ched.
wo | BF CFCECT oy p st
1m : For Professor’s use
101 IABCICD SKT
. &/10-fold scale and SJ,
250 DFCEF CIFCI | E ABThL TL | TI are provided.
i C DL SI1D DI For general engineering
and business use.
n-foid scale is provided.-
961 L DF CF CIF g‘_gBL{SLS[Z Capable of Exponential
CIC b Dr IL 3 Computation.
1 For mechanical enzineer
] Capable of byperbolic
" Shy Ske Th A | function and expnential
0 255 | L, K DI CF | B8 7%, SIC | computation.
D LIy LL, LL, | For expert eléctrical eng-
incer
db Neper DF ro o )
% 256 CF CIF CIC g }.F(') Sr TrI hxr;ellgm';c t_for elgctnc
= DLL LI, LL, communication engineer
¥ L k pF cF|EHLLLLLE ?&fi‘ﬁéﬁ’?ﬁ“";&‘éﬁélé’“ n
=1 2 |crcicp|hB EL:’S S£ | broad range.
El LL)0 LLy IL, : For expert mechanical
engineer
Capable of vector and
153 LK ABCIC,® L8 PQUC hyperbolic function. Tor
D TGo LLy LLg LLs electrical engineer’s use
275 - LEKEDFCFCIF %h%ih‘%ﬂ]?’g]“é For experi electrical eng-
CICDX% D LL, LlLs LL, ineer
" \EEDFCFCIF| LLA LLZLL3
0 379 | ¢rc p LLjy| ABTSST ¢ | For. expent mechanical
Liy D LLyLEEL, | IO
154 DF PP QCF | 5x Ix r 16 7% | For electrical engineering
CISh ADK _§_i_:1_._9_%1? %Q_L_A Specialist
. TG G (s [CF Cl TR C — —
16| 200 C1 f) ”D ‘D CF; CF. DF:DI{ Multlplxcatl_m_: and divi-
g i ol =l sion of 4 digits
Dy Dy Dg D, DF, DF, DE
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100
(b) Slide rule for general engineer’s use
No. 64 Hemmi Bamboo 10" Slide rule

T
A

(4)_ Typical Hemmi’s Slide Rule

Cuts indicate arrangement of scale and size for various kinds of typical ' RS —— T ———————
. T i A A o G S B N S N
Hemmi's slide rule are shown below as your reference in selecting slide rufe, L e o R T O T e T ;
: el Ll lL\"!
(A) Mannheim type slide rule: e "‘p}n""“'i‘; oy !
- i SR
o | sk, i, S o b

(a) Slide rule for general business use.
No. 2664 Henimi Bamboo 10" slide rule

S TTQT e "‘m“"w” L|||||L|| T
5|,-|»||a|||TL|||IH|;T4|HI| [ :u!unlvmluu ‘f..:‘
i H P LA R A l

LT T A ITRATIRA FR AN AR

M ki L S o
" ! Y Ll § bt feu e e P
Bk Foomsandia L N un?m A w'-- I h ?nh
AR | S R ST PSS AL % \ :
. &?‘_;&.M MT IR FUTN SURUPRNIS B | F r 4l 1 i This is so called “ Rietz” system with extended red scale on 4,B,C, D, and
2 " Ls el T L T Ll ;
1 frlbissdeust Vs L | oot e 1 also trigonometric function of small angle is foundvon S & T scale
[ 1. iffere Fioooatain vodonadiaiad Yo P ¥ '
= (Similar type)
e I%Tﬂmhl — F ::: No. 66 Hemmi Bamboo 6" slide rule Pucket tye of No. 64

| ummmlm\.hm. Lot | o

e
ey ;
Wﬁm Anm mI.lmu.\.‘ﬂ.mm mi..n T

Advantageous feature is that by the use of this slide rule failing off scale is
avoided in case of multiplication and division and proportion for general bus-

No. 50 l;emmi Bamboo 10" slide rule

PR ey e L v T

7 5
QTN ANAENATIY
18

mess use,

No. 2634 Hémumni Bamboo 5" slide rule
o \.ﬂuu\uu? J i ST 4 boftbusd 1.,
L0 il )
) PSR ™ MR S i
EE Rl S H R S S S S s |
) s “‘]IIII |r\ ‘Il [\Jl]l[!rllil{ iJ}olllll IJI’JIIIili‘[lllln“ilil'i~
o
L ....vkvm.... ;f\\

15

T oLl f.im [ATRATN| L Tnmm.f.?ﬂ Ll '[

e
L T TN VP TRt Y NOOY TR PR PN

‘ml.l.l‘l;! |.|‘|-:\'.n‘,r.|.|‘l.1.n

This is advanced type-of typical Mannheim slide rule and convenjent for
square calculation besides multiplication and division.

9
bt futl

ool

R T R

(Siplilar type)
No. 40RK Hemmi Bamboo 10" slide rule

Slide Ride for practice of No. 50

Pocket type of No. 2664
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No. 34RK Hemmi Bamkboo 5" slide rule

s T YT O Sl A LS M U Ly

Pocket type of No. 50

No. 30 Hemmi Bamboo 4" slide rule

i LU UL A A M AR LU L

Smallest pocket type Ne, 50
(Similar type)
No. 32 Hemmi Bamboo 4/ slide rule
No. 30 slide rule with indicator which has lens attachment,

No. 80 Hemmi Bamboo 10" slide rule (For Electrical Engineer)

HEA UL T Wn, TR m URUFLORAD L
- A 13

z2 EES da a¥

B ey D R T
Ve b PR

JiiERAP:

SR

2 ﬁ_k!mt

With efficiency and voltage drop scales,
(Similar type)
No. 86 Hemmi Bamboo 67 slide rule. Pocket type of No. 80 with K scale.
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No. 2630 Hemmi Bamboo 10" slide rule

5 Ty
3 |

bl ; RERARE

S ! a“!";';.:; ‘J,

3

T T O w”qm“hﬂ rjf]l m \1<||L:|\|H|\|\'LI\.|!IL\
s;‘rlu--?\.ul-;--h-..r-.m.u!.mT nLHd.nJ b
N TN LAY T NS AT AN RS A B e

Slide rule with Stadia scale for cizil surveying use,

No. 130 Hemmi Bamboo 10 slide rule

Jll:{;nnTmmulu-..mT:.u\m‘awuu..lmmw...,, P
- +

LT

R T T PTMUION O Wi s AR
! i
—3
T i Lkt et v ea v ) Lo
= ‘?m-\‘-n\r Ay b yaaanls * l ulJ" l
testes ) 1 & i

This is popularly used in Europe and is called ““Darmstadt” slide rule,

cos?® scale, besides e* scale £6r exponential computation, is advantageous fea-
turé of this slide rule,

(Similar type)

No. 136 Hemmi Bamb»o 6" dlide rule. Pocket type of No. 130 10" Slide Rule
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(©) Beginner’s slide rule.

No. 251 Hemmi Bamboo 10" Duplex slide rule (For} mechanical engineer)
No. 45 Hemmi Bamboo 8" slide rule

E i e —
NS rENMI ND 43 MADE (N, DIGUPIED sk Y T34 B i
" e : ‘ ; J"u S tisshont cb -1+ SARTRRIMITIOR NRURIN | AR SRR! | RN ARYI RRRNES | RASTHI FOHTA NOMA Y
CaE AN i\l ek e e T BrNNSTr, o a
B T 1Y APTOS, PRI PR TIOR8 { AP bl ndocaaabonona ! ! F]
LR PPTT LTI AT IO ANNENARRARERRATAN e e e G P o T
o e %, L RS ed s var SR REs LRI | A e b el aeptraodforne vl AT SRR )
el X SR STITRLIUTITUIRA PP | A (L ETE (P T S NN SV PRI FITTICIV A DUNPURDURT NN NNRNNR; WARAR | WA A2
’ = {MLACALSE (AATALAY M | EARAAE 4 38
e Ll it o | 7 L e e e Gl e YA
- .U.U[{gl[\‘i,li\]qu\lijl|14|[43Li\\ix{||\¢||\]\|.-t\Aﬂ\m.\\lml-nltIrIJlLulu\ll.r\MH;H1I]TI‘I‘WPIHUHJJHI.[HH‘_ T : 5
Ol e, KRR RN ARNTIAERIN AREEH RN ARFRN RENTE TRNNARNRHE ARNRN AR SRS
k] i 1 et ol e et iR T

_ Beginner’s slide rale for No. 2664
No. 2640 Hemini Bamboo 8 slide rule :
) L T I ¥ G K *T.'_wl‘l*‘f‘i'i.v‘w_w“l,w;\'g?‘"’
‘3'; TS T VTN DRV | ’ .,,,‘,QI A I e Lot by P
, I,' A et W 30e0 e .

- m-fold scale is provided and capable of , xponential computation.

.. < l [Ny
': ey S e R vt 1’. ek 11.;':;I.”rl:Ii':!:l:‘hf:l;h:‘l‘:":ﬂ' No. 255 Memmi Bamboo 10/ Duplex slide rule (For Expert Electrical Eng-
= ) — ineer) ;
Beginner's slide rule for No. 50 , 7 I
(B) Duplex Slide Rule S | )
No. 250 Hemmi Bamboo 1§/ Duplex slide rile (For general engineering £ S, it il e i SRR
and business use.) or : iy ,|” ', TR B e PRI 5
e — F . : B e ﬁ.i!],|-}o{-|-|-q_ L Hs At
: _ P L L L P sttt S RTTRRETY | UGS AT i
L] ’G‘t: T ATTRA PR FRPRY O L, h‘l-hhl}?;??i»n Lttuasboitisb s byre
DF Jo l, ’ | i i N
oF © : v S
cr sttt Lol ) o [ i o
¢ - |t T ! P
£+ o' I i L L L T
o ‘ i 6 LEp s sl B “‘ i b 7 i [l i LR
——— e 5 J
=R
2 ©
o‘ r P TR T | R T
e : . : e ;{%',;}L'raz‘
;'i Bt lex AWHRNA | .I:.Ilil,cﬁ ?lel;'Tuh ¥
lel FLO I ’° M.I.I-m!hm“r? N o TS YRR it " s
[} Tms 4o
'Y l!‘nk‘l‘l'\'l‘ﬂ'i’l‘gI‘lﬂ‘I‘]‘I‘l‘l'lg‘l‘l'{'l‘|'l'1" o el g
2 L 2 Convenient for hyperholic and exponential computation.

(Similar type)

T84 2. © : :
»/10-fold scale and ST, 77 scales are provided No. 275 Hemm{ Bamboo 20" Duplex slide rule. =~ .20 slide rule of No, 255,

.

&
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No. 153 Hemmi Bamboo 10/ Duplex slide rule (For Electrical Engineser)

& S | ]
bl fuuliy Lk} T = .
1 | 1, 5% 299 L [N 8 8 o | § i st b
i f "'rrs.lml’-. ER0] ] K Aon b e 51 2!' ol o
¥ o T PO OO PR IO SO I f §
Ao W e e e R ST ; ;
! ‘ i "y reep T e iy | g W.‘,.,.z‘.,. [P T 1o 8 i -« el * ' s 4 - 1
LI P IR O SETT PRI IO . S I, 30 ST | i'\ . r“l s I"" G Lo TP TS NP AR RRN AR RARTRR AN) | (NI LT 01 0 bR it B Fenfi
R st P N B
HJ'"‘“&" ittt . WN|H+{+M M-M»MW it ,WWWM P
’ r f"’"'im""""""""""'”'" [ SRR SUREREUT | S RUER U TN PR g m“'"‘:
f e TRYRC | mlwn‘lwiu-yuuqix|I||\‘I|II|\l -
A ;

2 IR M .

=] ) -

- & (/] e S Tutet Satntaitone] [ |
- “ } ’ 3 YL P ARRRNARE! | ATTRER R TR A
B R [ LAY IR (NENCCRRER TENFTPIY  SST SRR SN WS, P Jher mtmln MASENHBRANA
=3 an roKs 1=r o a2 am 1DUA T T L
é ERLEE ek el £ F LG | R
_ L IH“IIIHT [ e e B .
o i EACSTTETT FPEPUL S FTRS | RGN0 LJNEOA N | R, YT
Soovp tpm e s : ;

kL3

vuz b g sl oo o Zpy
° ST ""“"i““:""!" (R Bl it sl gy o fuspe s e g m '\'m'wl‘
& WM—J‘-‘AM rredy el Tabl o e Foat i . -
Q m»ou"’.“.m? A =) @}
Daghs 38 T
» :l i = - " -
Capable of hyperbolic function and exponential computation.

Various kinds ¢f scales for expert electrical communication engineer,

No. 259 Hemnmi Bamboo 10” Duplex slide rule (For Expert Mechanical
Engineer) -
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Very convenient for exponential computation.
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279 Hemmi Bamboo 20¢ Duplex dide rule. 20" slide rule cf No. 259. 5
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No, 154 Hemmi Bamboo 20" Duplex slide rule (For Advanced Electrical Engineer) .
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No, 70 Hemmi Bamboo 20" Mannheim slide rule
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20!" type of No, 64 Shde Rule for laboratory use,

No, 200 Hemmi Bambao 16" Duplex Siide Rule
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