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INSTRUCTION MANUAL FOR
HEMMI NO. 257 (yypcervee ) SLIDE RULE

The Hemmi No. 257 slide rule is especially designed for use by chemical
engineers. The scales for ordinary multiplication and division, as well as those
for square, square root, logarithms, and exponents, are arranged on the front
of the rule while the special chemical engineering scales are systematically ar-
ranged on the back.

(I The rule is also equipped with gauge marks which permit the determination
of atomic and molecular weights of the major atomic groups and elements.

(2) °F,"C, and K scales are also provided for temperature conversion. Mutual
conversion is possible by merely moving the indicator. In addition. “R can
also be found by using the D scale in conjunction with the above scales.

(3) Pressure units, in kg’cm’. mmHg. in. Hg Vac. atm. and psi Gage conversion
are also possible.

(4) Scales which permit mutual conversion between molar fraction. weight
fraction, and volume fraction are also provided.

(5) Scales which show the temperature of water vapor (steam) and saturated
vapor pressure, as well as adiabatic compression and adiabatic expansion
of gases are provided and arranged to improve calculation efficiency.



CHAPTER 1. READING THE SCALES.

In order to master the slide rule, you must first practice reading the scales
quickly and accurately. This chapter explains how to read the D scale which is
the fundamental scale of the No.259D slide rule and is one used most often.

(1) SCALE DIVISIONS

Divisions of the D scale are not uniform and differ as follows.
Between 1-2  One division is 0.01
Between 2-4  One division is 0.02
Between 4-10 One division is 0.05
Values between lines can be read by visual approximation.
An actual example is given below.

2 37 5.08 5.3
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(2) SIGNIFICANT FIGURES

The D scale is read without regard o decimal point location. For example,
0.237, 2.37, and 237 are read 237 (wwo three seven) on the D scale. When
reading the D scale, the decimal point :an be generally ignored and the nu-
mbers are directly read as 237 (two ihree seven). In 237 (two three seven),
the 2 (two) is called the first “significant figure.”.

(3) INDEX LINES

The lines at the left and right ends of the D scale and labeled 1 and
10 respectively are called the “fixed index lines". The corresponding lines on
the C scale are called the “slide index ‘ines’". ‘



SLIDE RULE DIAGRAM

For the reader's convenience, calculating procedure will be explained in
diagram form in this instruction manual. The symbols used in the diagrams
are:

Shide Cperation // \\ Moving the slide to the position of the arrow

with respect to the body of the rule.
Setting the hairline of the indicator to the
arrow positions on the body and slide.

The position at which the answer is read.

Indicator Operation l |

*

The numeral in the small circle indicates the procedure order. The below

diagram shows the slide rule operation required to calculate 3x5x4=60
using the C, D and CI scales.

(1) Set the hairline over 3 on the D scale.
(2) Move 5 on the Cl scale under the hairline.

(3) Reset the hairline over 4 on the C scale and read the answer 60
on the D scale under the hairline.

Ci s @D @
] ( ‘
Cc 7 4
o] 3 60
! .

®

(Note) The vertical lines at both right and left ends of the diagram do not

indicate the actual end lines of the slide rule, but only serve to indicate the
location of the indices.




CHAPTER 2. MULTIPLICATION AND DlVlSION. (1)
§ 1. DIVISION

-
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FUNDAMENTAL OPERATION (1) a-=+b=c
(1) Set the hairline over a on the D scale,
{2) Move b on the C scale under the hairline,
read the answer ¢ on the D scale opposite the index of the C scale.
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Ex. 2.1 8.4+3.6=233
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Ex. 2.2  5.7+7.8=0.731
; l L

Ex. 2.3  2.76+9.52=0.290
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§ 2. MULTIPLICATION

FUNDAMENTAL OPERATION (2) axb=c
(1) Set the hairline over a on the D scale,
(2) Move b on the Cl scale under the hairline,
read the answer ¢ on the D scale opposite the index of the Cl scale.
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Ex. 24  2.3x3.1=7.13
[ |
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Ex. 2.5 2.5%6.3=15.75

Ex. 26  1.944x3.48=6.77
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CHAPTER 3. PROPORTION AND INVERSE PROPORTION

§ 1. PROPORTION
When the slide is set in any position, the ratio of any number onthe D

scale to its opposite on the C scale is the same as the ratio of any other
number on the D scale to its opposite on the C scale. In other words, the
U scale is directly proportional lo the C scale. This relationship is used lo
calculate percentages, indices of numbers, conversion of measurements to their

eavivalents in other systems, etc.

P BIKY BRT - RS\ ST P LU\ B P\ DS BN BB SPRE RS S\ BSY BT S PSR SOSE S DO S P\ Pt 8

FUNDAMENTAL OPERATION (3) Aoc B

!
!
i
A a az (a3) a !
|

3
5 B b (b2) b3 (b4)

() indicates an unknown quantity.

)
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{  As illustrated in the above figure, when a1 on the C scale is set op-
! posite &1on the D scale the unknown quantities are all found on the C

or D scales by moving the hairline.
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Ex. 3.1 Conversion.
Given 127 kg =280 Ib. Find the values corresponding to the given values.

Pounds 280 63 (50.7) 75
kg 127 (28.6) 23 (34.0)
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(Note) In calculating proportional problems the C scale must be used for
one measurement and the D scale for the other. Intrerchanging ‘the scales is

not permitted until the calculation is completed. In Ex. 3.1., the C scale is
used for the measurement of pounds and the D scale for that of kilo-grams.

Ex. 3.2 Percentages.
Complete the table below.

Product A B C D Total
Sales 235 | 387 782 149 1553
Percentage | (15.1) | (24.9) | (50.4) | (9.6) 100

In the case of an "off-scale”, use the CF scale insteau of the C
scale. The answer then is read on the DF scale
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149 is on the part of the C scale which projects from the slide rule and
its opposite on the D scale cannot be read. This is called “off-scale”. In case
of “off-scale”, the CF scale is used in place of the C scale and the answer is
read on the DF scale.

Using the CF scale in conjunction with the C scale, “off scale” will not occur
unless more than one half of Lie slide protrudes from the body of the
slide rule.



Ex. 3.3 Proportional distribution
Distribute the sum of $125,000 in proportion to each rate specified below.

Rate 1.3 1.9 2.4 3.1 Total (8.7

Amount _[118,7001(27,3001(34,500144. 500)| $ 125,000

(I
[
OF ; 125000 .
cF | 12 %7 1
C 1.3 1.9 2.4 3.0
o 18700 21300 34500 44500
- . - .

In Ex. 3.3 when 8.7 on the C scale is set opposite 125,000 on the
D scale, more than half of the slide protrudes from the body. Therefore, the
CF scale is used in conjunction with the DF scale as illustrated.

§ 2. INVERSE PROPORTION

When the slide is set in any position, the product of any number on the D
scale and its opposite on the CI scale is the same as the product of any other
number on the D scale and its opposite on the CI scale. In other words, the D
scale is inversely proportional to the CI scale. This relationship is used to calcu-
late inverse proportion problems.

FUNDAMENTAL OPERATION (4) A °°'|ls_ A< B=Constant !
A a a | a (aq) '
B b (b;) (b3) b
() indicates an unknown quantity.
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When a,on the Cl scale is set opposile bion the D scale, the product
of @ xby is equal to that of @, xb., that of a3 xbs, and also equal
to that of @y xb,. Therefore, b,, by, and a, can be found by merely
moving the hairline of the indicator.
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Ex. 3.4 A bicycle runs at 38 km per hour, and takes 140 minutes to go
from one town to another.  Calculate how many minutes it will take if the

bicycle is travelling at 34 km per hour, 56 km per hour, or 29.6 km per
hour.

Speed 38 km| 34 56 29.6 (62.6)

Time .
required  |140 min| (156.5) [ (95.0) | (179.7) 85

T < c;.s s;‘o
CIF [ 56
[~} ®\ k1 3“ 211 | Cl‘ l

(§ v

[ 140 156.5 1797 °

. .

(0]

In solving inverse proportion problems, unlike proportional problems, you
can freely switch the scales from one to another, but it is preferable to select
and use the scales so that the answer is always read on the D or DF scale.

In Ex. 3.4., 56 and 85 run off scale on the Cl scale. Therefore the CIF
scale can be used instead of the Cl scale. Using the CIF scale in conjunction



with the Cl scale, off scale will not occur unless more than a half of the
slide protrudes from the body of the rule.

Ex. 3.5 A job which requires 11 men 18 days to complete. How many days
will it take if the job is done by 9 men, 30 men, 19 men, and 14 men?

No. of men 11 9 30 19 14
Time
required 18 (22) (6.6) |(10.42)| (14.15)

I . - T
DF - 10,42 181 8
T 2 5
L]
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In Ex. 3.5, setting 18 on the D scale opposite 11 on the CI scale, more
than one half of the slide protrudes from the body. Therefore, as illustrated
above, the DF scale is used in conjunction with the CIF scale.

|

2

The DF, CF and CIF scales are generally called “folded Scales” and permit
efficient multiplication and division of three or more numbers as well as avert-
ing off scale positions when working with proportions and inverse proportions.
‘Whereas, the D,C and Cl scales are called ''normal scales”.

1o



CHAPTER 4. MULTIPLICATION AND DIVISION( 2)

§ 1. MULTIPLICATION AND DIVISION OF THREE NUMBERS

Multiplication and division of three numbers are given In the forms of
l@xbdlxe,laxb)+c,la=b)xc andla<bd)+c. The part in parentheses is
calculated in the manner previously explained and the additional multiplication
or division is, usually, performed with one additional indicator operation.

y o s s o -

r FUNDAMENTAL OPERATION (5) Multiplication and division of three ;
numbers.
(1) {axb)xe~d, (a+b)xc=d :
For additional multiplication to follow the calculation (a x &) or
(@ b), set the hairline over ¢ on the C scale and read the answer

d on the D scale under the hairline. :
(2)(axb):crd, (asblic-d !
For additional division to follow the calculation (a = &) or (a < b),
set the hairline over ¢ on the Cl scale and read the answer d on
the D scale under the hairline. ) ..f

SN ST L B ST - -
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In multiplication and division of two numbers, you use the Cl scale for multi-
plication and the C scale for division. However, in multiplication and division
of three numbers, you must to use the C scale for the additional multiplication
and the CI scale for the additional division.

Ex. 4.1  2.3x3.1x56=39.9

g L ! )D sii
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Ex. 4.2

Ex. 4.3

Ex. 4.4

1.42+28x%7.2=3.65

"L

28 /
! :
6.2x2.4+53=2.81
L (&8
cr s': 247
: 7
?..lt 6,!‘1
8.7+4.8+4.6=0.394
-
)\
[ol] l‘_s i 2
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§2. OFF SCALE

In multiplication and division calculations, a p-sition on the C or (I
scale may occasionally run off scale. There are two methods to solve this off
scale problem.

(1) When a position runs off scale, set the hairline over the position on

which you read the answer of the first two numbers.

bring the third number under the hairline.

Then, move the slide to



Ex. 4.5 6.1x4.2x5.7-~146

2
ci a2
C ’ 5 1 S
61 [
ofl scale

The third number 5.7 on the C scale runs off scale. Set the hairline back
over the left index of the C scale and move the slide to bring 5.7 on the Cl
scale under the hairline. Then, read the answer 146 on the D scale opposite
the index of the CI scale. In fact, selection of the scale is exactly the
same as in mulliplication and division of two numbers.

(2) Folded scales (DF, CF, and CIF)

In method (1), one more movement of the slide is necessary compared to when
an off scale does not occur. However, the folded scales can be convenientiy
employed when an off scale occurs.

The folded scales are used in the same manner as in the case of proportion
and inverse proportion problems. When an off scale occurs on the C scale the
CF scale canbe used,and when an oft scale occurs on the Cl scale tne CIF scale
can be used. In this case the answer appears under the hairline on the DF
scale.

Ex. 4.6  7.8x3.3+<8.2-2]1

-
DF 214
3 7
2
C
c'[ L 13, (8.2) )

° L 7';. o”'lcbl‘

13



Ex. 4.7  29+9.1 +53=0.601

-
oF 0.501
cIF 53
c S (s.3) | “
c i .1/

T
off scale 4 l '

There are some problems in which an off scale will occur on both nor-
mal scale and the folded scale. In this case, interchanging the indices in
method (1) will be employed; however, the method given below can be also
employed.

Ex. 48 95+1.4%6.6=44.8

DF

In the above example, when calculating 9.5-+1.4 using the C and D scales,
more than one half of the slide protrudes from the rule and, the third number
6.6 runs off scale on both the C scale and CF scale. As shown in the above
diagram, calculation can be made by using the DF and CF scales without an off

scale occuring.
Ex. 4.9 86x7.4=63.7

. ]

CIF AR
[¢4]

3.7

The DF and CIF scales can also be conveniently used instead of the D and
Cl scales to solve the above problem. The answer then appears on the D
scale. ,

14



§3. MULTIPLICATION AND DIVISION INVOLVING 7T

The relationship between the normal scales and the folded scales is shown
below.

-a 'S
CF DF 1 1 »

CIF s

Ci L 1 I —

This relationship makes multiplication and division involving 7 easy.

Ex. 4.10 273 -1.67 7@ 1432

OF 14 32

'
| |
OF 7.42

c PR N1
) S 18

§4. MULTIPLICATION AND DIVISION OF MORE THAN FOUR NUMBERS

When the multiplication and division of three numbers, suchasa - b - ¢
d is completed, the answer (d) is found under the hairline on theD scale.Using
this value of d on the U scale move the slide to accomplish the remaining
multiplication or division.



1.73x4.27

6.74x2.36

c

&>
4
] @
6.7¢ L] 17/
-3 1.73
!
D

—t e e -

&
\

0.464

Ex. 413 2.25x7.24x3.09x3.83-192.8

Q

|

3.09

' l

ct

'
!
T
:
| l
}
|

.83 /’1\

] 1928
*

Ex. 414  6.61x2.39x1.835%x1.791%x3.28=170.3

[e)]
ct | 2.39
C .835 4
o } 5.61
l 1 i
| lQl
|
'
¥
] |
}
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The folded scale can be conveniently used when an off scale occurs.
However, once a folded scale is used, it must also be used for the next slide
operation. Note that alternate use of a normal scale and a folded scale will
result in an incorrect answer.

For example, to calculate 2 x 3, setting 3 on the CIF scale opposite 2 on the D
scale results in 5.92 on the DF scale instead of the true answer 6. If this hap-
pens, it indicates a mistake by the operator and not a defect in the slide rule.

2.84x8.28 x9.25
Ex. 4.15 17.17

12.67
ol a )

CF )2 1767
4
o 1.
-

883948449
11536 - 8.04

£x. 4.16

]

OF 8.8)

CIF /94
2

w

R e bt e Pt

]

ct ,
c [

-
-

o
L]

'\ 8 04
() 7 86
L
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§5. PLACING THE DECIMAL POINT

Since slide rule calculations of multiplication and division problems yield
only the significant figures of the answer, it is necessary to determine the
proper location of the decimal point before the problem is completed. There are
many methods used to properly place the decimal point.  Several of the most
polular will be described here.

(a) Approximation
The location of the decimal point can be delermined by comparing the
significant figures given by the slide rule and the product calculated mentally

by rounding off.

Ex. 25.3x7.15=180.9
To get an approximate value 25.3x7.15=30% 7 = 210. Since the signifi-

cant figures are reao 1809 (one - eight - zero - nine) given by the slide rule, the

correct answer must be 180.9.
To get an approximate value from multiplication and division of three and more

factors may be difficult. In this case, the following method can be employed.

(i) Moving the decimal point

285x0.00875
Ex. '——13—75—'— =0.1814
Divide 285 by 100 to obtain 2.85 and, at the same time, multiply 0.00875
by 100 to obtain 0.875. In other words, the decimal point of 285 is moved
two places to the left and that of 0.00875 is moved two places to the right,

therefore, the product of 285 times 0.00875 is not affected.

285x0.00875. , 2.85x%0.875 .

375 375 is rewritten to————————l 375 and approximated
3x0.9

to 10 =0.27.

Since you read 1814 (one eight one four) on the slide rule, the answer
must be 0.1814.



Ex. 1.346_ . ¢)q

0.00265
1.346 . 1346 - 1000 - 300
0.00265 2.65 3

(ii) Reducing fractions

It a number in the numeraler has a value close to that of a number in the
denominator, they can be cancelled out and an approximate figure is obtained.

Ex. 1.472<9.68-4.76
1.509 ~ 2.87

1\.412:-,9».%8/-4.76__ . 3.5 s
1.472 in the nu'meralor can be considered to be equal to 1.509 in the de-
nominator and they can therefore be cancelled out. 9.68 in the numerztor is
approximately 9 and 2.87 in the denominator is approximately 3. 4.76 in the
numerator is approximately 5. Using the slide rule, you read 1566 on the D
scale. therefore, the answer must be 15.66

15.66

(iii) Combination of (i) and (ii)

71.66x0.423 -12.70
0.641 < 3.89 16.50

Ex.

1.66-01423- 1270 | 7664231200, q
0.641 -3.89 4L 389
The decimal point of 0.423 and 0.641 in the numerator is shifted one place
to the right. The approximale numbers in the denominator and numerator are
cancelled and the answer, which is approximately 13, is found.

->




(b) Exponent

Any number can be expressed as Nx 10" where 1<N<10.
This method of writing numbers is useful in determining the location of the
decimal point in difficult problems involving combined operations.

Ex. _1587x0.0503 % 0.381 -3730

0.00815
1587 0.0503x 0.381  1.587x 10%5.03 x 10 2x 3.81 x 10"
0.00815 o 8.15x10°?
) l.587><§.(l)g><3.81 g
=i>f§—xi—xlo’~’-'-‘“”—~5x103=5ooo

20



CHAPTER 5. SQUARES AND SQUARE ROOTS

The “place number" is used to find squares and square roots as well as
placing the decimal point of squares and square roots.
When the given number is greater than 1. the place number is the number of
digits to the left of the decimal point. When the given number is smaller than
1, the place number is the number of zeros belween the decimal point and the
first significant digit, but the sign is minus.
For example, the place number of 2.97 is 1, of 29.7 is 2, of 2970 is 4, and
of 0.0297 is —1. The place number of 0.297 is 0.

§ 1. SQUARES AND SQUARE ROOTS
The A scale consists of two D scales connected together and reduced to

exactly 1/2 of their original length. The A scale is used with the C, D or Cl
scale to perform the calculations of the square and square root of numbers.
Since it consists of two D scales, the A scale is called “two cycle scale”
whereas the fundamental C, D and Cl scales are called "one cycle scales”.

LY OIS B L LY SO SOL L COL OB L OB RS L L G I L Y -

FUNDAMENTAL OPERATION (6) x?.v y

i (1) When the hairline is sel over x on the D scale, x? is read
‘ on the A scale under the hairline.

) (2) When the hairline is set over y on the A scale, }/ y is read
' on the D scale under the hairline.

!

!

!

!

!

!
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| The location of the decimal point of the square read on the A scale is
determined using the place number as follows:
3l When the answer is read on the left half section of the A scale (1 ~10),

the “place number™ of x2 - 2 ("place number” of x) - 1
bl When the answer is read on the right half section of the A scale(10~ 100

the “place number" of x2 - 2 (“place number” of x)

B 5.1 1722 29600 oo The place number of 172 is 3.
Hence, the place number in the
answer is 2x3 -1-=5

17.22 =296 oo, The place number of 17.2 is 2.

Hence, the place number in the
answer is 2x2-1-=3

0.1722 - 0.0296 - The place number of 0.172 is 0
' Hence, the place number in the
answer is 2x0 -1 - -1
Ex. 5.2 6682 - 446000 -+ o-on. The place number of 668 is 3
=4.46%10° Hence, the place number in the
answer is 2x3 -6
0.668% - 0.446 oo The place number of 0.668 is 0

Hence, the place number in the
answer is 2x0 -0

0.06687 -0.00446-------- The place number of 0.0668 is - 1
Hence, the place number in the

answer is 2x(-1) - -2

d .

A 2.96 - 446

! |
X

o V12 . 6.68

22



| The location of the decimal point of the square read on the A scale is
determined using the place number as follows:
3l When the answer is read on the left half section of the A scale (1 ~10),
the “place number” of x2 - (“place number” of x) - 1
bl When the answer is read on the right half section of the A scale(10~ 100
the “place number" of x2 - 2 (“place number” of x)
B 5.1 1722 29600 oo The place number of 172 is 3.

Hence, the place number in the

answer is 2x3 -1-=5

17.22 =296 oo, The place number of 17.2 is 2.
Hence, the place number in the
answer is 2x2-1-3

0.1722 - 0.0296 - The place number of 0.172 is 0
' Hence, the place number in the
answer is 2x0 -1 - -1
Ex. 5.2 6682 - 446000 -+ o-e.. The place number of 668 is 3
=4.46 % 10° Hence, the place number in the
answer is 2x3 =6
0.668% - 0.446 oo The place number of 0.668 is 0

Hence, the place number in the
answer is 2x0 -0

0.06687 -0.00446-------- The place number of 0.0668 is - 1
Hence, the place number in the

answer is 2x(-1) - -2

. -

A 2.96 - 44,6

! |
L

o IRE] . 6.68
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FUNDAMENTAL OPERATION (T7)

' i
1
{ I
{  MULTIPLICATION AND DIVISION INVOLVING SQUARES {
5 (1) Set the number to be squared on the one cycle scale (C, D or Cl ]
; and the number not to be squared on the two cycle scale (A). {
: (2) Read the answer on the A scale. §
H y

R AL Al AL Ka e Ko K b L & o F oV FAV PRV PN £ L0 LN PV V) F0 L0 K0

Ex.5.4 4.37-2.85°=0.538

»
A a3 0 538

[ ’}
c 2.85 7

£x.5.5 7.54x1.76°=23.4

i
1 .«
A 7.54 2).4
2
c IR

Since the form a? < & cannot be performed by fundamental operation
(7). calculate it after changing a? b into the form aXa =+ b.

¢
{
\
{
{
{
{
{
{
{
{
{
{
{
\
{
{
{
{
‘
‘
{
(
{
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FUNDAMENTAL OPERATION (8)

MULTIPLICATION AND DIVISION INVOLVING SQUARE ROOT

(1) Set the number to be square rooted on the A scale and the number
not to be square rooted on one cycle scales (C, D or CI).

(2) Read the answer on the D scale.

B ae B P oo B P e 2o+

N A AP N AP T N N oD NP T M NS N ST Y A A P Y \SW el B oo
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In multiplication and division which involve the square roots of numbers,
the correct section of the A scale must be used. The correct section of the
A scale to be used can be determined in the manner previously described.

Ex. 5.6 /528 X6.38=146.6

[
1
v

A S2i

2
’

(<] 6 38

o 146 6
.

Ex. 5.7 J/0.845+2.78=0.331 2.78=/0.845=3.02

H
]

A 0 843

?
.
c \N 2718 302

§ 3. THE AREA OF A CIRCLE

A gauge mark (c) is located at 1.128 on the C scale. This can be
conveniently used to calculale the area of a circle when the diameter of
the circle is given. You can easily find the area of the circle on the A
scale by setting the diameter on the D scale and moving the "¢ " to it.

Ex. 5.8 Find the area of the circle whose diameter is 2.5 cm.

(1) Set the hairline over 2.5(cm) on the D scale.
(2) Move the “c" on the C scale under the hairline.
(3) Read 4.91 (cm?) on the A scale under the slide index.

25



CHAPTER 6. LOGARITHMS AND EXPONENTS

§ 1. COMMON LOGARITHMS
The L scale, which is a uniformly divided scale, is used with the D scale

to find the mantissa of common logarithms. The characteristic of the logarithm
is found by the place number of the given number. If the place number of the
given number is i, the characteristic of the common logarithm found on the D
scale is m —1.

A N M M LY S Y Y N N G O SO PN MY M N SN N BN

] .
g FUNDAMENTAL OPERATION (9) logiyx, antilog,, y (10 ) §
! (1) When the hairline is set over x on the D scale, log,,x is read under !
! the hairline on the L scale. H
¢ (2) When the hairline is set over the mantissa of y on the L scale, the {
{ significant digits of antilog,, yis read under the hairline on the D {
( scale. l
a C] ?. lo‘l Yy z
| |
Ex. 6.1 (1)logiy 2.56 - 0.408  (2) antilogiy 0.657 - 4.54

antilogio 1.657--45.4
antilogiy 1.657-= 0.454

log,, 256 - 2.408
logiy 0.0256 = 2.408

[

*
0.408

0.657

(Note) From the result of log,, 0.0256 - 2.408, the characteristic of logis

0.0256 is a minus number.

This should be rewrilten (

2)1 0.408

—1.592 for further calculation. If the CI scale is used instead of the D

scale, the mantissa 0.592 is directly read on the L scale.
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§ 2. NATURAL LOGARITHMS

The LU scale (LL,,LL,.LL,)is used to find natural logarithm .
The LL scale differs from the C and D scales, in that it is read
with the decimal point in place. Therefore, when the value is larger than
22000 or smaller than 1.01 calculation cannot be directly performed.

(é) HOW TO FIND NATURAL LOGARITHMS

When the hairline is set over x on the LL scale, log,x appears on' the

D scale.
Ex. 6.2 log,4.76=1.56 log,1.257=0.229 log, 1.0465-=0.0455

. - .

0 1.56 0.229 0.04358 J
LLY 4.6 ' y
LL2 ‘ 1.257 ’ —
LLt 1.0488 _J

The relationship between the place number of the natural logarithm and
the number (1, 2, 3) of the LL scale can be seen from the above illustration.

(b) FINDING e*
e* is found on the LL scale when the hairline is set over x on the D scale.

Ex. 6.3 e?'7=8.77 e049=]1536 e00815=1 0849
| J

o .11 0.429 2.0018 |
LLa en N
L
LL2 | L5328 )
-
LLt 1.0042 )

For calculating e~ =, first find e* and then find eL by using the C and
Cl scales.
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Ex.6.5 1.85°7 =845

In calculating A™*, find A™ first, and then calculate the reciprocal—;—,,

Ex. 6.6 0.872%%=0.700 1
This problem can be converted to 1
in —
g manner, (0.872)

26 and calculated in the follow -

) 1
1 —_—
(1) Find 0872 1.147 (The C and Cl scales are u§ed)

(2) Find 1.1477° = 1.428 (The LL and Cl scales are used)

(3) Find 1_2_28 =0.700 (The C and CI scales are used)

P B P AP PP BB P IS

FUNDAMENTAL OPERATION (11) A*
(1) Set the hairline over A on the LL scale.
(2) Move x on the C scale under the hairline.
Read the answer on the LL scale opposite the index of the C scale.

x/

@

N\ S SIS S S LSS\ LI LSBT
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§ 3. EXPONENT
gt I\ SN0 S S

FUNDAMENTAL OPERATION (10) A"

(1) Set the hairline of the indicator over A on the LL scale.
(2) Move the slide to position x on the Cl scale under the hairline.
Read the answer on the LL scale opposite the index of the Cl

scale
7

ct x /(2‘

LL

*»
“

1
®

- P -
>~

Since the slide rule has three LL scales, you must find on what LL
scale the answer wilizappear. In the calculation of A* , if x is a number be-
tween 1~10, the LL scale on which the answer appears will be determined
as follows.

(1) When the slide protrudes to the left, the answer is found on the LL scale
having the same number as the LL scale on which A is set.

(2) When the slide protrudes to the right, the answer is found on the LL scale
1 number higher than the LL scale on which A is set.

Ex.6.4 1.329"%-1613

c 18 D
7

LL2 '
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In calculating A%, where x is a number between 1 and 10, the LL scale
on which the answer appears will be determined as follows.

(1) If the slide protrudes to the right, the answer is found on the LL scale
having the same number as the LL scale on which A is set.
(2) If the slide protrudes to the left, the answer is found on the LL scale one

number lower than the LL scale on which A is set.

1
Ex. 6.7 1.584%% =1.1935

i

[

L2 11935 |.Ta
.
(O]

Ex. 6.8 1.224°' ~1.0404

@
C& s/
w2 1.224
[ww] (L 10404
*

1 1 ’
In calculating A , find A* first and then obtain the reciprocal—ﬂ. as the

answer.

1
Ex. 6.9 0.16537=0.615 1

This problem can be converted to( 1 );‘7 and calculated in the following
0

manner. .165

(1) Find 0._16~5= 6.06 (The C and CI scales are used)

1 v
(2) Find 6.06% =1.627 (The LL and C scales are used)
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(3) Find 1 é27 =0.615 (The C and Cl scales are used)

Ex. 6.10 1.03*'=2.03

—

ct (]
2,

In calculating 1.03%* = 2.03 since 24 is larger than 10,1.03% is rewritten
to 1.037*' =(1.032*)" and read the answer 2.03 on the LL2 scale op-
posite the position you can read the answer of 1.032% on the LLI scale. It is
based on the principle that any number on the LL2 scale is the 10th power
of the LL1 scale and any number on the LL3 scale is the 10th power of the LL2
scale.

1 €
Ex. 6.11 17.6% —1.0674 (17.6%¢ " °")

' H
c IR

LLa 1786
!

(K] i Unen -
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CHAPTER 7. CHEMICAL ENGINEERING CALCULATIONS

81. ATOMIC WEIGHT AND MOLECULAR WEIGHT

The gauge marks on the Ch scale on the back face of the rule are used to
find atomic weight and molecular weight. The following 52 elements and 18
atomic groups, as well as the major elements and important atomic groups in
the periodic table, are also included.

Relative
Period I nmrmy|w Y| ViVl Vil 0
| H He
2 Li|Be B C N 0 F Ne
3 [N | Mg ALl Si Pl S| C A
4 K Ca Ti v Cr | Mn Fe Co Ni Kr
Cul In As| Se| Br
5 Rb Ir Mo . Xe
o Ag| Cd Sn| Sb |
6 |Cs B | W Pt
. Au| H Pb| Bi
L o, Ra U

Atomic groups
Air CHs CzHs CsHs CN co €03
COOH  H.0 NH NH2 NH« NO2 NOs
~~“OH PO« P20s S04
All the chemical symbols are arranged in two rows (top row and bottom
row) on the slide rule. The top row contains the symbols whose first letter is
between A~M and the bottom row between N~ Z with some exceptions.  Their

atomic weights appear on the D scale.
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(Placing the decimal point)

The atomic weight of symbols having a line under them can be directly read
on the D scale, the weight of symbols without any line must be read by
multiplying the reading on the D scale by 10, and the weight of symbols
having a line over them must be read by multiplying the reading of the D
scale by 100.

This scale is used to find the atomic and mdecular weights of elements and
compounds and to perform calculations involving them.

Ex. 7.1 (1) What is the atomic weight of Au? Answer 197
(2) What is the molar weight of COs? Answer 60

N T

| i

T 1

Ch Au cO»

" * L

(Note) You can also find the answer on the °K scale on the back of the rule
since it is graduated the same as the D scale.

Ex. 7.2 Find the atomic weight of alumina (Alz O
(1) Alz =27.0x2=54.0

({ront fece CI| 2

(front fece'D s.l -]

(2) Os =16x3=48.0

o~

4
(front ll:.)cl[ 3 J

(front fece) D '.l

(3) Al20s =54.0+48.0=102.0  Answer ‘02.0
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Ex. 7.3 Find the theoretical percentage of nitrogen in ammonium sulfate
{NH4)2S04.
(1) Molar weight of (NH4)2 304 =(NH4)x2+804=36.1+96=132.1

(2) Theoretical nitrogen weigh(=(NH‘?:SO‘= 13'?2'2.1 =21.2%

.
]
i

N I

N

( ]
‘front face:Cl l/z 132.4

(front face)D 2.2
»

8 2. CONVERSION OF UNITS

(1) Temperature unit conversion
°F on the back face of the rule indicates Fahrenheit,’C Celsius, and °K
Kelvin. Mutual conversion betveen these can be performed by merely setting
the hairline over each of them If it is necessary to find the absolute Rankine
temperature, set the index of the C scale to 1.8 on the D scale in accordance
with the formula “R=1.8x °K, and then find °R on the D scale.

Ex. 7.4 100 °C=212 °F=312 “K=672 °R

:z\

. 212

100
s +312
(front face)!D ) e 672

x0T

Ex. 7.5  Find % of 50 °C.(T: absolute Kelvin Temperature)

I

‘c $0

(front face!Cl 0.00314
-

Answer 0.0031
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Ex. 7.6 Find log T of 20 "C. Answer 2.467

(front taca: L n aer

Ex. 7.7 Expansion of a gas due lo temperature rise.
: If a gas occupies 45 / at 20 °C, how many 7 will il occupy

under the same pressure at 100 °C if the pressure is constant?
The law of ideal gases Vo,/Vi =T,/ Ti is established.

(back tacer C 2 [
\
o @ 57 3

|

Vi- Tz 45x% (100+273.16) -
e T IFN 1 AT L
(2) Pressure unit conversion
Pressure units are graduated in kg/cm?, mmHg, in. Hg Vac., atm, and
Ib/in? gauge. Ib/in? gauge and in. Hg Vac. are gauge pressures based on latm
=0. In order to find the value of Ib/in? abs from Ib/in? gauge. add 1 to
the proportional scale (the atm scale). Since the highest graduation on the

mmHg scale is 760, it may be necessary to change the place number.

* S—t— =

Ex. 7.8 Convert 20 Ib/in? abs to another pressure unit.
Since 20 Ib/in? gauge= 2.37 atm, subtract 1atm and set the
hairline over 1.37 atm.
T

kg/en? et &t
[ 1) 2y atm
* 83 2]0 B/in’Gege

Answer 20 1b/in?abs.=1.37 alm =1.41kg/cm?=5.3 Ib/in?gauge
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Ex. 7.9 Convert 15 atm to Ib/in? abs.
Read the value of Ib/in? gauge opposite 15+1=16 atm to obtain
the answer 220 Ib/in? abs.

Ex. 7.10 Convert 3000 mmHg to atm.
First divide 3000 mmHg by 10 to obtain 300. Next, set the hair-
line over 300 on the mmHg scale (equals 0.409 kg/cm?). Then
move the hairline over to the 4.09 on the kg/cm? scale. Read the
answer 3.97 atm under the hairline on the mmHg scale.
tr

Answer 3.97 atm
83. VAPOR PRESSURE OF WATER
The five types of pressure graduations which correspond to the tempera-
ture of water tw all indicate saturated vapor pressure. Conversely, the boil-
ing point of water can be found at any desired pressure. The portion of the
tw scale to the left of 0°C shows the temperature of ice and the portion
to the right, which is 374.16°, shows the critical temperature of water.
That is, water does not.exist in liquid from above the critical temperature.

Ex. 7.11 Find the saturated pressure of steam at 150 °C.

hg/c LN}

e 4 . atm

. 54 b in"Gage
150

I

Answer: 4.7 atm (=4.87 kg/cm? =54 Ib/in? gauge)

Ex. 7.12 At what temperature does water boil under a pressure of 30mmHg?
29°C can be found on the tw scale by setting the hairline over

30 mmHg.

tw
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§ 4. DENSITY UNIT CONVERSION

There are weight percent, volume percent, and molar percent in expressing
chemical composition. There are two ways of expressing density; one is based
on the total amount of the mixture and the other is based on the amount of
a certain component in the mixture. The Xw and X scales in the two com-
ponent system are graduated to permit conversion of these different systems.
These scales can also be used for other applications.

(1) Molar fraction, weight fraction, and volume fraction conversion

Any mixture consists of two components, the first and the second.
The molar fraction of the first component (1/100 of the molar percent) is set
on the X scale, the weight fraction on the Xw scale, and the volume fraction
on the Xv to obtain the following relationships.

X MW i
1-X M 1—Xw
-
v P W 2)
1-Xv P2 1—Xw

Miand o1 represent the molecular weight and density of the pure constitu-
ent of ‘the first component and Mz and p2 represent the same thing for the
second component. The relationship in formula (2) is not applicable when the
volume changes in accordance with the mixture.

The four graduations on the M1, Mz, Xw and X scales show the relationship
given in formula (1) above. The relationship in formula (2) can be obtained by
substituting o1 and p2 for M1 and M.

Mi and M2 can be easily read by changing the place number. However, if the
left end of the M1 scale is read as 10, then the left end of the M2 must also
be read as 10.

Ex. 7.13  Find the molar % of 20 wi% of an arﬁmonium sulfate-water solution.
Taking ammonium sulfate (NH«)2 SO« as the first component and water (H20)
as the second component; Mi=132.1and M2 =18.0. Set 18.0 on the M2 scale to
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correspond to 132.1 on the M1 scale considering the left end of both scales
as 10. Then read the value on the X scale corresponding to 0.2 on the Xw
scale.

My 132 0.2 Xw

My / 1] 0.!2)] , X
2°

Answer 3.3 mol %

Ex. 7.14  Convert an alcohol-water solution at 15.56 ° C to molar % and vol %
at weights of 10, 20, 30, 40, 50, 60, 70, 80, and 90.
The molecular weights of pure alcohol and water are 46.05 and
18.02 respectively. Their density at 15.56°C is 0.794 and 0.999.
(a) Set Mi=46 and M2 =18 (the left end of the scales is assumed to
be 1), the molar % versus weight can now be found by merely mov-
ing the indicator.

! I

M 46 ' 0.2 Xw

ml PEL) 0.041 0.089 ]x
2

(b) Set P1 =0.794 (Miscale) and P2=1 (Mzscale). The vol % (X scale)
can now be found from the wt % (Xwscale) by merely moving the
indicator.

1 b) 4

| | |

[ 019 0.1 0.2 Xw

A summary of the results discussed up to now are shown in the below table.
The calculaled value of vol % will differ slightly from the true value since the
volume of alcohol and water is reduced by the mixture.

s



Wt %] 1020 [30[40]5060]70]80]30
mol_% 4.1 8.9 |14.1]20.7(28.036.9]47.6/60.6]77.9

Vol % [12.4]24.1|35.1]45.9|56.0[65.7|74.9]83.6{92.0

Actual Vol % 12.4]24.1/36.0]47.1|57.7/67.5]76.8/85.3]93.1

(2) The gas-liquid balance relationship of an ideal solution.

The following equation expresses the relationship between liquid phase
(molar fraction of the component having the smaller volatility) and gaseous phase
y (molar fraction of the component having the larger volatility) of an ideal
solution conforming to Raoult’s law and consisling of 2.components at a balance

relation . S
1-X P2 -y

Where: Pr=Vapor pressure of the more volatile pure component

P2=Vapor pressure of the less volatile pure component
Since the above formula is the same as formula (1), this slide rule provides
the continuous relationship x—y.
Distillation is usually performed under a certain pressure. Therefore, the com-
position of the liquid phase, as well as the boiling point, changes due to a loss
in the more volatile component, ani a simultaneous enrichment of the less
volatile component.
However, since the proportion changes very little, the geometric average of the
specific volatility at the boiling point when each component is pure is used
and the composition of the solution can be generally considered to be constant
over the entire range.

The boiling point of each component at the pressure of distillation can be
set as torand toz. Let Pr represent the geometrical average of the vapor pressure
of the first component (that having the higher volatility) and P2represent the
same thing for the second component. If Pt is set on the M1 scale and P2 is
set on the M2 scale, gaseous component y will appear on the Xw scale and
liquid component X will appear on the X scale.
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Ex. 7.15  Find the balance relationship of benzene and toluene at a pressure
of 1 atm.
At 1 atm, the boiling point of benzene (tv) is 80.2 °C and that of
toluene is 110.8 °C (tv2). The vapor pressure of each pure com-
ponent at that temperature is as follows:

Benzene Toluene
Vapor pressure (mmHglat t51(80.2°C) 760 292
Vapor pressure (mmHg) at t»2(110.8°C)| 1770 760
Geometric mean Pr=1160 | P.=470.5

Set Pi over the Mi scale and P2 over the Mz scale, the x—y relationship
can be continuously obtained in proportion to the X and Xw scales. Therefore,
only read the required part. An example is given below.

l o i ute ot ]
rvs ey ]
' 2 [ |
) KO) l
X y
0.2 0.380
0.4 0.620
0.6 0.787
0.8 0.908

(3) Calculation of the adiabatic compression and expansion of a gas.
As 3 gas is adiabatically (entropy) compressed, its temperature rises and
as it is expanded its temperature falls. In these cases, the following re-
lationship between pressure and temperature exists due to thermody-
namics:
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P2 2
Rl = Cpd InT
" Py f' P

—aln— 4 =T +-C 21,2
T 2

R is the molecular gas constant, Pr and P2 are the beginning and end of
the pressure, and Cp is the molecular heat at a fixed pressure. The formula
is given as Cp=a+bT+cT?. Ti and T2 are the absolute temperatures at Pr
and Pz,

The relationship between pressure and temperature in the above formula
can be found by using the P and F «» scales since a, b, and ¢ depend on the
type of gas. Air is chosen as representative of gas molecules consisting of two
atoms and carbonate gas is chosen as representative of gas molecules consist-
ing of three atoms in this slide rule.

Since air is considered as an ideal gas, there is a small difference between
the ideal value at 'temperatures below the critical temperature and at high
pressures. ! '

Since it is impossible to make the adiabatic more perfect than it actually
is, there are no problems meeting technical field requirements. Approximation
can be used with gases consisting of two atoms (except for air), such as N:,
02, CO, NO, HCI, and gases consisting of three atoms (except for COz2), such
as S0z, N:0, and COS. However, it is not applicable to Hz, Clz, Brz, H20, and
HaS.

Ex. 7.16  What will the theoretical temperature rise of air be at 35°C, when
it is compressed adiabatically from one atm up to 7.8 atm.

Answer 276°C
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Ex. 7.17

Ex. 7.18

Ex. 7.19

How high will the theoretical temperature rise be at 20°C if air at
1 atm is adiabatically condensed to a gauge pressure of 60 Ib/in?

L l

(13} .
Fljoari 20 193
! otm
f 60 b/int

" 1 Answer 193 °C
Find the temperature of carbonate gas at 60 atm and 50 °C which
is adiabatically expanded to 30 atm.

@

07
60 atm
.ln

Fu) (COa)

D S s

Answer 4°C
What will the theoretical descent of CO2 at 20°C be, when it is

expanded from 2.0 kg/cm? to 0.6 kg/cm? (440 mmHg) in pressure.

|

3]

2

Fio (con _%
kg cm’ 0.6

Answer —50°C

If adiabatic expansion is performed in the above example, COz will fall in
the condensation area. Since this slide rule is arranged for calculation of gases,
the condensation area will be beyond the limits.

(4) LOGARITHMIC MEAN

It is often necessary to use the logarithmic mean temperature difference in
fluid dynamics. The logarithmic mean temperature between outside and inside
fluid temperature, as a tubular heat exchanger, is given by the following equa-

tion
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Where a1, a2=the temperature differences between two fluids at inlet and
outlet, respectively of the apparatus. Logarithmic mean calculations may be
performed by cooperation of the C and LU scales.

Ex. 7.20 Calculate the logarithmic mean temperature difference, where &1 =80,

~2 =60 are given.
80—-60-:20, 80.60--1.333

20/~ 69.6

Le2 1.333

Answer 69.6°C

(5) Gauge marks
The °K scale has the following gauge marks and it can therefore be con-

veniently employed in a wide range of applications.

Ri = 1.986 cal. degr'. mole ' }

Re = 62.36 /. mmHg. degr'. mole ¥ Molecular gas constant

Rs = 0.08205 /. atm. degr'. mole ! !

Vo = 22.414 1. mole!” { g adacd lecular volume
F = 26.8 amp. hr. g-equiv’ Faraday constant

k = 273.16/760 = 0.3594 ‘K. mmHg' { (‘)’f':ﬁdgg{rggion factor
J = 4.185 joule. cal ' Work equivalent of heat
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CARE AND ADJUSTMENT OF THE SLIDE RULE.

% WHEN THE SLIDE DOES NOT MOVE EASILY;

Pull the slide out of the body and remove any dirt adhered to the sliding sur-
faces of the slide and the body with a toothbrush. Using a little of wax will
also help.

Every Hemmi slide rule should come to you in proper adjusted condition. How ever,
the inter-action of the slide and body, if necessary, can be adjusted to your
own preference of tension.

First, loosen a screw at one end of the rule.  Then, if you feel the slide fits
tight, pull this end away from the slide, and if you feel the slide fits loose,
push this end toward the slide and retighten the screw. Do the same at another
end and repeat the same operation until the slide fits properly.

#* WHEN THE INDICATOR GLASS BECOMES DIRTY;

Place a narrow piece of paper between the indicator glass and the surface of the
rule, press the indicator glass against the piece of paper, and work the indicator
back and force several times until the dirt particles under the glass adhere to

the piece of paper.

% HOW TO ADJUST THE HAIRLINE.

The hairline should always be perpendicular to the scales.
the four screws of the indicator frame and move the glass until perfect align-
ment is obtained and tighten the screws.

% HOW TO ADJUST THE SCALES.

When the slide is moved until the D and D scales coincide, the DF and CF
or A and B scales should be coincide. However, the adjustment of the rule may
be lost if the rule is dropped or severely jarred. In this case, loosen the screws
at both ends of the rule and move the upper body member right or left until the
DF or A scale coincides with CF or B scale, and tighten the screws.

If it is not,loosen
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