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SPECIAL FEATURES

of the
DECIeLOG LOG RULE

Among the special features of the DECIeLOG LOG Slide Rule are the fol-
lowing:

1.

10.

The Log Log scales all refer to a single D scale, and are so arranged that
logarithms or cologarithms of numbers to base 10 may be read directly
from this scale.

. Powers (including those of base e) with both positive and negative expo-

nents can be read with one setting of the hairline. Hyperbolic functions
are easily computed.

Reciprocals can be read with the decimal point placed.

Exponential equations in which the unknown exponent is a negative num-
ber are easily solved without transferring readings from one scale to an-
other.

The scales have a greater range of direct reading (107! to 10*1%) than
those of conventional rules.

A table to aid in determining the scale on which the power is found, or
the decimal point of the exponent, is printed on the slide.

Square roots may be found on a scale which is double the length of the C
scale itself, with resulting increased accuracy and convenience.

Cube roots may be found on a scale which is three times the length of
the C scale, instead of on the C scale itself, with greater accuracy and
convenience.

Special legends and charts are printed on the rule to aid in placing the
decimal point.

The scale divisions are unusually sharp and readable, and the rule is made
of metal, which gives dimensional stability and makes it relatively inde-
structible.
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Chapter 1

SLIDE RULE
OPERATION

1.1 Introduciton

The table below shows some of the mathematical operations which can be done
easily and quickly with an ordinary slide rule.

OPERATIONS INVERSE OPERATIONS
Multiplying two or more numbers Dividing one number by another
Squaring a number Finding the square root of a number
Cubing a number Finding the cube root of a number
Finding the logarithm of a number | Finding a number whose logarithm

is known
Finding the sine, cosine, or tangent | Finding an angle whose sine, cosine,
of an angle or tangent is known

Various combinations of these operations (such as multiplying two numbers
and then finding the square root of the result) are also easily done. Numbers
can be added or subtracted with an ordinary slide rule, but it is usually easier
to do these operations by arithmetic.!

The slide rule consists of three parts: (1) the rule; (2) the slide; (3) the
“runner” or indicator. On the rule and the slide several number scales are
printed.

Each scale is named by a letter (C, D, L, S. T) or other symbol (,/, ) at
both ends.

In order to use a slide rule, a computer must know: (1) how to read the
scales; (2) how to “set” the slide and runner for each operation to be done; and
(3) how to determine the decimal point in the result.

It is best to learn how to multiply first.

1By putting special scales on a slide rule, these and certain other operations much more
difficult than those shown in the table above can be done easily.



ExamMpLE: Multiply 4 x 2.

Setting the Scales: Set the left index of the C scale on 4 of the D scale. Find 2 on
the C scale, and below it read the product, 8, on the D scale.

Think: The length for 4 plus the length for 2 will be the length for the product.
This length, measured by the D scale, is 8.2

Rule for Multiplication: Over one of the factors on the D scale, set the index
of the C scale.® Locate the other factor on the C scale, and directly below it
read the product on the D scale.

Next notice again that the distance between 1 and 2 on the D scale has been
separated into ten parts, marked with smaller numerals 1, 2, 3, etc. These are
secondary graduations. Each of the spaces between the large numerals 2 and 3,
between 3 and 4, and between the other primary graduations is also divided into
ten parts. Numerals are not printed beside these smaller secondary graduations
because it would crowd the numerals too much.

The space between each secondary graduation at the left end of the rule
(over to primary graduation 2) is separated into ten parts, but these shortest
graduation marks are not numbered. In the middle part of the rule, between the
primary graduations 2 and 4, the smaller spaces between the secondary grad-
uations are separated into five parts. Finally, the still smaller spaces between
the secondary graduations at the right of 4 are only separated into two parts.

To find 173 on the D scale, look for primary division 1 (the left index),
then for secondary division 7 (numbered) then for smaller subdivision 3 (not
numbered, but found as the 3rd very short graduation to the right of the longer
graduation for 7).

Similarly, 149 is found as the 9th small graduation mark to the right of the
4th secondary graduation mark to the right of primary graduation 1.

To find 246, look for primary graduation 2, then for the 4th secondary grad-
uation after it (the 4th long line), then for the 3rd small graduation after it.
The smallest spaces in this part of the scale are fifths. Since % = %, then the
third graduation, marking three fifths, is at the same point as siz tenths would
be.

2This example may also be done by setting the left index of the C scale on 2 of the D scale.
Then find 4 on the C scale, and below it read 8 on the D scale. See drawing above.

3This may be either the left or the right index, depending upon which one must be used in
order to have the other factor (on the C scale) located over the D scale. If the “other factor”
falls outside the D scale, the “other index” is used.
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the C scale, and below it read the product, 8, on the D scale.

Think: The length for 4 plus the length for 2 will be the length for the product.
This length, measured by the D scale, is 8.4

Rule for Multiplication: Over one of the factors on the D scale, set the index
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The number 247 would be half of a small space beyond 246. With the
aid of the hairline on the runner the position of this number can be located
approximately by the eye. The small space is mentally “split” in half.

The number 685 is found by locating primary graduation 6 and then sec-
ondary graduation 8 (the 8th long graduation after 6). Between secondary
graduations 8 and 9 there is one short mark. Think of this as the “5 tenths”
mark. The location of 683 can be found approximately by mentally “splitting”
the space between 680 and 685 into fifths, and estimating where the 3rd “fifths”
mark would be placed. It would be just a little to the right of halfway between
680 and 685.

On the scale below are some sample readings.

A: 195 F: 206
B: 119 G: 465
C: 110 H: 402
D: 101 I. 694
E: 223 J: 987

The symbols 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, used in writing numbers are called
digits. One way to describe a number is to tell how many digits are used in
writing it. Thus 54 is a “two-digit number,” and 1,348,256 is a “seven-digit
number.” In many computations only the first three or four digits of a number
need to be used to get an approximate result which is accurate enough for
practical purposes. Usually only the first three digits of a number can be “set”
on the slide rule scales. If the first digit of a number is 1, however, the number
is located near the left end of the rule and the first four digits can be “set.” In
the majority of practical problems this degree of accuracy is sufficient.

Multiplication of numbers having three digits can now be done.

ExAMPLE: Multiply 2.34 x 36.8.

Estimate the result: First note that the result will be roughly the same as 2 x 40,
or 80; that is, there will be two digits to the left of the decimal point. Hence we can
ignore the decimal points for the present and multiply as though the problem was
234 x 368.

Set the Scales: Set the left index of the C scale on 234 of the D scale. Find 368
on the C scale and read the product 861 on the D scale.

Think: The length for 234 plus the length for 368 will be the length for the
product. This length is measured on the D scale. Since we already knew the result
was somewhere near 80, the product must be 86.1, approximately.



ExaMprLE: Multiply 28.3 x 5.46

Note first that the result will be about the same as 30 x 5, or 150. Note also that if
the left index of the C scale is set over 283 on the D scale and 546 is then found on the
C scale, the slide projects so far to the right of the rule that the D scale is no longer
below the 546. When this happens, the other index of the C scale must be used. That
is, set the right index of the C scale over 283 on the D scale. Find 546 on the C scale
and below it read the product on the D scale. The product is approximately 154.5.

This illustrates how in simple examples the decimal point can be placed by
use of the estimate (the result was estimated to be near 150), and also shows
how “four-digit accuracy” can often be obtained when the result falls at he left
end of the D scale.

1.2 Continued Products

Sometimes the product of three or more numbers must be found. These “con-
tinued” products are easy to get on the slide rule.

EXAMPLE: Multiply 38.2 x 1.65 x 8.9.

Estimate the result as follows: 40 x 1 x 10 = 400. The result should be, very
roughly, 400.

Setting the Scales: Set left index of the C scale over 382 on the D scale. Find 165
on the C scale, and set the hairline on the indicator on it.° Move the index on the
slide under the hairline. In this example if the left index is placed under the hairline,
then 89 on the C scale falls outside the D scale. Therefore move the right index under
the hairline. Move the hairline to 89 on the C scale and read the result under it on
the D scale (561).

Below is a general rule for continued products: a X bxcxdxe---

Set hairline of indicator at a on D scale.
Move index of C scale under hairline.
Move hairline over b on the C scale.
Move index of C scale under hairline.
Move hairline over ¢ on the C scale.
Move index of C scale under hairline.

Continue moving hairline and index alternately until all numbers have been
set.
Read result under the hairline on the D scale.

6The product of 382 x 165 could now be read under the hairline on the D scale but this is
not necessary.



1.3 Division

In mathematics, division is the opposite or inverse operation of multiplication.
In using a slide rule this means that the process for multiplication is reversed.
To help in understanding this statement, set the rule to multiply 2 x 4 (see page
6). Notice the result 8 is found on the D scale under 4 of the C scale. Now to
divide 8 by 4 these steps are reversed. First find 8 on the D scale, set 4 on the
C scale over it, and read the result 2 on the D scale under the index of the C
scale.

Think: From the length for 8 (on the D scale) subtract the length for 4 (on
the C scale). The length for the difference, read on the D scale, is the result, or
quotient.

With this same setting you can read the quotient of 6 + 3, or 9+ 4.5, and in
fact all divisions of one number by another in which the result is 2.

Rule for Division: Set the divisor (on the C scale) opposite the number to
be divided (on the D scale). Read the result, or quotient, on the D scale under
the index of the C scale.

1.4 Combined Multiplication and Division

Many problems call for both multiplication and division.

EXAMPLE: 42X37

First, set the division of 42 by 65; that is, set 65 on the C scale opposite 42 on the
D scale.” Move the hairline on indicator to 37 on the C scale. Read the result 239 on
the D scale under the hairline. Since the fraction % is about equal to %
about two-thirds of 37, or 23.9.

EXAMPLE: 213318

Set 692 on the C scale opposite 273 on the D scale. Move the hairline to 548 on
the C scale. Move the slide to set 344 on the C scale under the hairline. Read the
result on the D scale under the C index.

In general, to do computations of the type %, set the rule to divide
the first factor in the numerator a by the first factor in the denominator b, move
the hairline to the next factor in the numerator ¢; move the slide to set next
factor in denominator, d, under the hairline. Continue moving hairline and slide
alternately for other factors (e, f, g, h, etc.). Read the result on the D scale. If
there is one more factor in the numerator than in the denominator, the result
is under the hairline. If the number of factors in numerator and denominator is

the same, the result is under the C index.

, the result is

"The quotient, 0.646, need not be read.



Sometimes the slide must be moved so that one index replaces the other.
EXAMPLE: 2:2x2:4

If the rule is set to divide 2.2 by 8.4, the hairline cannot be set over 2.4 of the C
scale and at the same time remain on the rule. Therefore the hairline is moved to the
C index (opposite 262 on the D scale) and the slide is moved end for end to the right
(so that the left index falls under the hairline and over 262 on the D scale). Then the
hairline is moved to 2.4 on the C scale and the result 0.63 is read on the D scale.

If the number of factors in the numerator exceeds the number in the denom-
inator by more than one, the numbers may be grouped, as shown below. After

the value of the group is worked out, it may be multiplied by the other factors

in the usual manner.
axbxe
—— | XdXe
mxn

1.5 Proportion

Problems in proportion are very easy to solve. First notice that when the index
of the C scale is opposite 2 on the D scale, the ratio 1:2 or % is at the same time
set for all other opposite graduations; that is, 2:4, or 3:6, or 2.5:5, or 3.2:6.4, etc.
It is true in general that for any setting the numbers for all pairs of opposite
graduations have the same ratio. Suppose one of the terms of a proportion is
unknown. The proportion can be written as § = £, where a, b, and ¢ are known
numbers and z is to be found.

Rule: Set a on the C scale opposite b on the D scale. Under ¢ on the C scale
read x on the D scale.

ExaMPLE: Find z if 2 = 5.

Set 3 on C opposite 4 on D. Under 5 on C read 6.67 on D.

The proportion above could also be written g = %, or “inverted” and exactly
the same rule could be used. Moreover, if C and D are interchanged in the above
rule, it will still hold if “under” is replaced by “over.” It then reads as follows:

Set a on the D scale opposite b on the C scale. Over ¢ on the D scale read
x on the C scale. In solving proportions, keep in mind that the position of the
numbers as set on the scales is the same as it is in the proportion written in the

form ¢ = <.

b~ d
Proportions can also be solved algebraically. Then § = £ becomes x = %,

and this may be computed as combined multiplication and division.

10



Chapter 2

USE OF CERTAIN
SPECIAL SCALES

In the discussion which follows, it will occasionally be necessary to refer to the
number of “digits” and number of “zeros” in some given numbers.

When numbers are greater than 1 the number of digits to the left of the dec-
imal point will be counted. Thus 734.05 will be said to have 3 digits. Although
as written the number indicates accuracy to five digits, only three of these are
at the left of the decimal point.

Numbers that are less than 1 may be written as decimal fractions.! Thus
0.673, or six-hundred-seventy-three thousandths, is a decimal fraction. Another
example is 0.000465. In this number three zeros are written to show where the
decimal point is located. One way to describe such a number is to tell how many
zeros are written to the right of the decimal point before the first non-zero digit
occurs.

In scientific work a zero is often written to the left of the decimal point, as
in 0.00541. This shows that the number in the units’ place is definitely 0, and
that no digits have been carelessly omitted in writing or printing. The zeros
will not be counted unless they are (a) at the right of the decimal point, (b)
before or at the left of the first non-zero digit, and (c) are not between other
digits. The number 0.000408 will be said to have 3 zeros (that is, the number
of zeros between the decimal point and the 4).

EXAMPLES:

1Only positive real numbers are being considered in this discussion.

11



Number of digits | Number of zeros

Number to be counted to be counted
64523.0 5 0

802.7 3 0
0.00457 0 2

3.05 1 0
0.00206 0 2

65.023 2 0
0.00006 0 4

Fig. 6

In working with logarithms, if the number is greater than 1 the characteristic of
the logarithm is one less than the number of digits in the number. If the he number
is less than 1, the characteristic is a negative number, and numerically is one greater
than the number of zeros.

12



2.1 Square Roots and Squares

When a number is multiplied by itself the result is called the square of the number.
Thus 25 or 5 x 5 is the square of 5. The factor 5 is called the square root of 25.
Similarly, since 12.25 = 3.5 x 3.5, the number 12.25 is called the square of 3.5; also
3.5 is called the square root of 12.25. Squares and square roots are easily found on a
slide rule.

Square Root. Just below the D scale is another scale marked with the square root
symbol, /.

Rule. The square root of any number located on the D scale is found directly
below it on the i scale.

ExAMPLES: Find v/4 Place the hairline of the indicator over 4 on the D scale. The
square root, 2, is read directly below. Similarly, the square root of 9 (or v/9 ) is 3,
found on the V scale directly below the 9 on the D scale.

Reading the Scales. The square root scale directly below the D scale is an
enlargement of the D scale itself. The D scale has been “stretched” to double
its former length. Because of this the square root scale seems to be cut off or to
end with the square root of 10, which is about 3.16. To find the square toot of
numbers greater than 10 the bottom ,/ scale is used. This is really the rest of
the stretched D scale. The small figure 2 near the left end is placed beside the
mark for 3.2, and the number 4 is found nearly two inches farther to the right.
In fact, if 16 is located on the D scale, the square root of 16, or 4, is directly
below it on the bottom scale of the rule.

In general, the square root of a number between 1 and 10 is found on the
upper square root scale. The square root of a number between 10 and 100 is
found on the lower square root scale. If the number has an odd number of digits
or zeros (1, 3, 5, 7, ...), the upper v scale is used. If the number has an even
number of digits or zeros (2, 4, 6, 8, ...) the lower |/ scale is used.

On the Deci-Point Slide Rule, the first three (or in some cases even four)
figures of a number may be set on the D scale, and the first three (or four)
figures of the square root are read directly from the proper square root scale.

The table below shows the number of digits or zeros in the number N and
its square root.

ZEROS or DIGITS
N Tor6 | bord | 3or2 |1 0 lor2 | 3ord4d | 50r6 | Tor8 | etc.
VN 3 2 1 00 1 2 3 4 etc.
Fig. 7

EXAMPLES:

1. Find v/248. Set the hairline on 248 of the D scale. This number has 3 (an odd
number) digits. Therefore the figures in the square root are read from the upper
i scale as 1575. The result has 2 digits, and is 15.75 approximately.

2. Find /563000. Set the hairline on 563 of the D scale. The number has 6 (an
even number) digits. Read the figures of the square root on the bottom scale as
75. The square root has 3 digits and is 750 approximately.

13



3. Find v/0.00001362. Set the hairline on 1362 of the D scale. The number of zeros
is 4 (an even number). Read the figures 369 on the bottom scale. The result
has 2 zeros, and is 0.00369.

Squaring is the opposite of finding the square root. Locate the number on
the proper bottom scale (marked /) and with the aid of the hairline read the
square on the D scale.

EXAMPLES:

1. Find (1.73)% or 1.73 x 1.73. Locate 1.73 on the y/ scale. On the D scale find the

approximate square 3.

2. Find (62800)%. Locate 628 on the bottom scale. Find 394 above it on the D
scale. The number has 5 digits. Hence the square has either 9 or 10 digits.
Since, however, 628 was located on the bottom ./ scale, the square has the even
number of digits, or 10. The result is 3,940,000,000.

3. Find (0.000254)%. On the D scale read 645 above the 254 of the |/ scale. The
number has 3 zeros. Since 254 was located on the scale for “odd zero” numbers,
the result has 7 zeros, and is 0.0000000645.

2.2 Cube Roots and Cubes

At the top of the rule there is a cube root scale marked - It is a D scale which
has been stretched to three times its former length, and then cut into three
parts which are printed one below the other.

Rule. The cube root of any number on the D scale is found directly above
it on the g/ scales.

At the left end of the cube root scales a small table serves as a guide as to
which scale to use.

ZEROS or DIGITS
N [11,10,9[8,7,6[5,4,3[2,1]|0[1,2,3[4,5,6][7,8,9]10, 11, 12 etc.
IN 3 2 1 010 1 2 3 4 etc.
Fig. 75
EXAMPLES:

1. Find /8. Set the hairline over the 8 of the D scale. On the topmost scale of
the rule read 2 under the hairline.
2. Find ¥/27. Set the hairline over 27 of the D scale. On the middle scale, find 3
under the hairline.
3. Find v/372. Set the hairline over 372 of the D scale. On the bottom scale find
719, or 7.19.
Cubing is the opposite of finding the cube root.
Rule. The cube of any number located on the Y scale is found directly below
it on the D scale.
ExAMPLE: Find (32.8)%. Locate 32.8 on the middle @ scale. On the D scale read
directly below it the figures of the cube 353. Since 32.8 is a two digit number, found
on the middle X% scale, the number of digits is 5. The result is 35300 approximately.

14



2.3 Reciprocals

The CI scale on the slide is used for finding reciprocals. Notice that it increases

from right to left. When any number is set under the hairline on the C scale,

its reciprocal is found under the hairline on the CI scale, and conversely.
EXAMPLES:

1. Find 1/2.4. Set 2.4 on C. Read 0.417 directly above on CI.

2. Find 1/60.5. Set 60.5 on C. Read 0.1652 directly above on Cl. Or, set 60.5 on
CI, read 0.1652 directly below on C.

The CI scale is useful in replacing a division by a multiplication. Since § =
a x 1/b, any division may be done by multiplying the numerator (or dividend)
by the reciprocal of the denominator (or divisor). This process may often be
used to avoid settings in which the slide projects far outside the rule.
EXAMPLES:

1. Find 13.6 = 87.5. Consider this as 13.6 x 1/87.5. Set left index of the C scale
on 13.6 of the D scale. Move hairline to 87.5 on the CI scale. Read the result,
0.152, on the D scale.

2. Find 72.4 + 1.15. Consider this as 72.4 x 1/1.15. Set right index of the C scale
on 72.4 of the D scale. Move hairline to 1.15 on the CI scale. Read 62.9 under
the hairline on the D scale.

An important use of the CI scale occurs in problems of the following type:

ExamPLE: Find 5355+

This is the same as %ﬂf'm).

Set 4.13 on the C scale opposite 13.6 on the D scale. Move hairline to 2.79 on the
CI scale, and read the result, 1.180, on the D scale.

By use of the CI scale, factors may be transferred from the numerator to
the denominator of a fraction (or vice-versa) in order to make the settings more
readily. Also, it is sometimes easier to get a X b by setting the hairline on a,
pulling b on the CI scale under the hairline, and reading the result on the D

scale under the index.

15



Similarly, the DI scale may often be used to advantage. When the reciprocal
of a number set on the D scale is wanted, read it on the DI scale. Conversely if
the reciprocal of a number is to be set on the D scale and then used in further
computation with other scales, move the indicator over the number on the DI
scale, and then continue the calculation on the D or other scales.

EXAMPLES:

1. Find 1/0‘0146 and &/ L Set indicator over 0.046 on the DI scale. Read the

0.046 "
square root, 4.66, on the bottom square root scale, and the cube root, 2.791, on
the middle cube root scale.

2. Find m. Multiply 0.265 x 138 using the C and D scales. Read the
reciprocal 0.0273 under the hairline on the DI scale. Or set the hairline on 265
of the DI scale, pull 138 of the C scale under the hairline, and read the result
on the D scale under the left index of the C scale. This is equivalent to writing

. (1/0.265)
the expression as ~~===.

2.4 Using the CF and DF Scales

When 7 on the C scale is opposite the right index of the D scale, about half
the slide projects beyond the rule. If this part were cut off and used to fill in
the opening at the left end, the result would be a “folded” C scale, or CF scale.
Such a scale is printed at the top of the slide. It begins at 7 and the index is
near the middle of the rule. The DF scale is similarly placed. Any setting of
C on D is automatically set on CF and DF. Thus if 3 on C is opposite 2 on D,
then 3 on CF is also opposite 2 on DF. The CF and DF scales can be used for
multiplication and division in exactly the same way as the C and D scales.

The most important use of the CF and DF scales is to avoid resetting the
slide. If a setting of the indicator cannot be made on the C or D scale, it can
be made on the CF or DF scale.

EXAMPLES:

1. Find 19.2 x 6.38. Set left index of C on 19.2 of D. Note that 6.38 on C falls
outside the D scale. Hence, move the indicator to 6.38 on the CF scale, and
read the result 122.5 on the DF scale. Or set the index of CF on 19.2 of DF.
Move indicator to 6.38 on CF and read 122.5 on DF.

2. Find 832%5-65 " Set 5.72 on C opposite 8.39 on D. The indicator cannot be moved
to 9.65 of C, but it can be moved to this setting on CF and the result, 14.15,

read on DF. Or the entire calculation may be done on the CF and DF scales.

These scales are also helpful in calculations involving 7 and 1/7. When the
indicator is set on any number N on D, the reading on DF is N7«. This can
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be symbolized as (DF) = (D). Then (D) = (DW—F). This leads to the
following simple rules:

Rule: If the diameter of a circle is set on D, the circumference may be read
immediately on DF, and conversely.

Rule: Tf the radius of a circle is set on a square root ( \/) scale, the area may
be read immediately on DF, and conversely.

EXAMPLES:

1. Find 5.67. Set indicator over 5.6 on D. Read 17.6 under hairline on DF'.
2. Find 8/w. Set indicator over 8 on DF. Read 2.55 under hairline on D.

3. Find the circumference of a circle whose diameter is 7.2. Set indicator on 7.2 of
D. Read 22.6 on DF.

4. Find the diameter of a circle whose circumference is 121. Set indicator on 121
of DF. Read 38.5 on D.

5. Find the area of a circle whose radius is 5.62 in. Set 5.62 on the bottom i scale.
Read 99.2 sq. in. on DF.

6. Find the radius of a circle whose area is 6.39 sq. in. Set 6.39 on DF. Read 1.426
in. on the upper i scale.

Finally, these scales are useful in changing radians to degrees and conversely.
Since 7 radians = 180 degrees, the relationship may be written as a proportion
7= T80 OF T = 155

Rule: Set 180 of C opposite m on D. To convert radians to degrees, move
indicator to r (the number of radians) on DF, read d (the number of degrees)
on CF; to convert degrees to radians, move indicator to d on CF, read r on DF.

There are also other convenient settings as suggested by the proportion.
Thus one can set the ratio 7/180 on the CF and DF scales and find the result
from the C and D scales.

EXAMPLES:

1. The numbers 1, 2, and 7.64 are the measures of three angles in radians. Convert
to degrees. Set 180 of C on 7 of D. Move indicator to 1 on DF, read 57.3° on
CF. Move indicator over 2 of DF, read 114.6°. Move indicator to 7.64 of DF.
Read 437° on CF.

2. Convert 36° and 83.2° to radians. Use the same setting as in 1 above. Locate
36 on CF. Read 0.628 radians on DF. Locate 83.2 on CF. Read 1.45 radians on
DF.
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2.5 Trigonometry

2.5.1 Sines and Cosines

The scale marked S is used in finding the approximate sine or cosine of any
angle between 5.7 degrees and 90 degrees. Since sinx = cos(90 — z), the same
graduations serve for both sines and cosines. Thus sin6° = cos(90 — 6)° =
cos 84°. The numbers printed at the right of the longer graduations are read
when sines are to be found. Those printed at the left are used when cosines are
to be found. Angles are divided decimally instead of into minutes and seconds.
Thus sin 12.7° is represented by the 7th small graduation to the right of the
graduation marked 78 | 12.

Rule: To find the sine or cosine of an angle on the S scale, set the hairline
of the indicator on the graduation which represents the angle. Read the sine on
the C scale under the hairline. If the slide is placed so the C and D scales are
exactly together, the sine (or cosine) may also be read on the D scale.

EXAMPLES:

1. Find sinz when z = 15°30". Set hairline on 15.5° (i.e., 15°30") of S scale. Read
sinz = 0.267 on the C scale.
2. Find cosxz when z = 42°15" (or z = 42.25°). Observe that the cosine scale

decreases from left to right, or increases from right to left. Set the hairline over
42.25 on the S scale (reading from the right). Find cos42.25 = 0.740 on C scale.

2.5.2 Tangents and Cotangents

The T scale, together with the C or CI scales, is used to find the value of the
tangent or cotangent of angles between 5.7° and 84.3°. Since tan 2 = cot(90—zx),
the same graduations serve for both tangents and cotangents. For example, if
the indicator is set on the graduation marked 60 | 30, the corresponding reading
on the C scale is 0.577, the value of tan 30°. This is also the value of cot 60°,
since tan 30° = cot(90° — 30°) = cot 60°. Moreover, tanxz = 1/ cot z; in other
words, the tangent and cotangent of the same angle are reciprocals. Thus for
the same setting, the reciprocal of cot 60°, or 1/0.577, may be read on the CI
scale as 1.732. This is the value of tan 60°. These relations lead to the following
rule.
Rule: Set the angle value on the T scale and read

1. tangents of angles from 5.7° to 45° on C,

2. tangents of angles from 45° to 84.3° on CI,
3. cotangents of angles from 45° to 84.3° on C,
4. cotangents of angles from 5.7° to 45° on CI.

If the slide is set so that the C and D scales coincide, these values may also
be read on the D or DI scales. Care must be taken to note that the T scale
readings for angles between 45° and 84.3° increase from right to left.
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In case (i) above, the tangent ratios are all between 0.1 and 1.0; that is, the
decimal point is at the left of the number as read from the C scale.
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In case (ii), the tangents are greater than 1.0, and the decimal point is placed
to the right of the first digit as read from the CI scale. A small chart on back
of the rule can be used to recall these facts. For the cotangent ratios in cases
(iii) and (iv) the situation is reversed. Cotangents for angles between 45° and
84.3° have the decimal point at the left of the number read from the C scale.
For angles between 5.7° and 45° the cotangent is greater than 1 and the decimal
point is to the right of the first digit read on the CI scale. These facts may be
summarized as follows:

Rule: If the tangent or cotangent ratio is read from the C scale, the decimal
point is at the left of the first digit read. If the value is read from the CI scale,
it is at the right of the first digit read.

EXAMPLES:

1. Find tanz and cotz when z = 9°50". First note that 50" = 30 of 1 degree =

0.83°, approximately. Hence 9°50" = 9.83°. Locate z = 9.83° on the T scale.
Read tanx = 0.173 on the C scale, and read cot x = 5.77 on the CI scale.

2. Find tanz and cotz when x = 68.6°. Locate z = 68.6° on the T scale reading

from right to left. Read 255 on the CI scale. Since all angles greater than

45° have tangents greater than 1 (that is, have one digit as defined above),
tanx = 2.55. Read cot 68.6° = 0.392 on the C scale.

2.5.3 Finding the Angle

If the value of the trigonometric ratio is known, and the size of the angle less
than 90° is to be found, the above rules are reversed. The value of the ratio
is set on the C or CI scale, and the angle itself read on the S scale or T scale,
depending upon which function is given.

EXAMPLES:

1. Given sinx = 0.465, find x. Set indicator on 465 of C scale, read x = 27.7° on
the S scale.

2. Given cosz = 0.289, find x. Set indicator on 289 on C scale. Read z = 73.2°
on the S scale.

3. Given tanx = 0.324, find x. Set 324 on the C scale, read 17.95° on the T scale.

4. Given tanx = 2.66, find z. Set 266 on the CI scale, read x = 69.4° on the T
scale.

5. Given cotxz = 0.630, find . Set 0.630 on the C scale, read x = 57.8° on the T
scale.

6. Given cotx = 1.865, find . Set 1865 on the CI scale, read 28.2° on the T scale.

2.5.4 Small Angles and Other Functions

The sine and the tangent of angles of less than about 5.7° are so nearly equal
that a single scale, marked ST, may be used for both. The graduation for 1° is
marked with the degree symbol (°). To the left of it the primary graduations
represent tenths of a degree. The graduation for 2° is just above the graduation
for 35 on the C scale. The graduations for 1.5° and 2.5° are also numbered.
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A small scale on the back of the rule shows the number of zeros in the sine
of angles between 0 and 90°, and the number of zeros or digits in the tangents
of most of these angles. Sines or tangents of angles on the ST scale have one
Zero.

Rule: For small angles, set the indicator over the graduation for the angle
on the ST scale, then read the value of the sine or tangent on the C scale.

EXAMPLES:

1. Find sin2° and tan2°. Set the indicator on the graduation for 2° on the ST
scale. Read sin2° = 0.0349 on the C scale. This is also the value of tan2°
correct to three digits.

2. Find sin0.94° and tan0.94°. Set the indicator on 0.94 of ST. Read sin 0.94° =
tan 0.94° = 0.0164 on the C scale.

Since cotz = 1/tanz, the cotangents of small angles may be read on the
CI scale. Moreover, tangents of angles between 84.3° and 89.42° can be found
by use of the relation tanz = cot(90 — x). Thus cot2° = 1/tan2° = 28.6,
and tan 88° = cot 2° = 28.6. Finally, it may be noted that cscz = 1/sinz, and
secx = 1/ cosz. Hence the value of these ratios may be readily found if they are
needed. Functions of angles greater than 90° may be converted to equivalent
(except for sign) functions in the first quadrant.

EXAMPLES:

1. Find cot 1.41° and tan 88.59°. Set indicator at 1.41° on ST. Read cot1.41° =
tan 88.59° = 40.7 on CI.

2. Find csc21.8° and sec21.8°. Set indicator on 21.8° of the S scale. Read
csc21.8° = 1/sin21.8° = 2.69 on CI. Set indicator on 68.2° of the S scale
(or 21.8 reading from right to left), and read sec21.8° = 1.077 on the CI scale.

Two seldom used special graduations are also placed on the ST scale. One
is indicated by a longer graduation found just to the left of the graduation for
2° at about 1.97°. When this graduation is set opposite any number of minutes
on the D scale, the sine (or the tangent) of an angle of that many minutes may
be read on the D scale under the C index.

sin0° = 0, and sin1’ = .00029, and for small angles the sine increases by
.00029 for each increase of 1’ in the angle. Thus sin2' = .00058; sin3.44" =
.00100, and the sines of all angles between 3.44" and 34.4" have two zeros. Sines
of angles between 34.4" and 344’ (or 5.73°) have one zero. The tangents of these
small angles are very nearly equal to the sines.

ExAMPLE: Find sin6’. With the hairline set the “minute graduation” opposite 6
located on the D scale. Read 175 on the D scale under the C index. Then sin6’ =
0.00175.

The second special graduation is also indicated by a longer graduation lo-
cated at about 1.18°. It is used in exactly the same way as the graduation
for minutes. sin1” = 0.0000048, approximately, and the sine increases by this
amount for each increase of 1” in the angle, reaching 0.00029 for sin60” or
sin 1’ = 0.00029.
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2.5.5 Trigonometric Computations

Many formulas involve both trigonometric ratios and other factors. By using
several different scales such computations are easily done.
EXAMPLES:

1. Find the length of the legs of a right triangle in which the hypotenuse is 48.3 ft.
and one acute angle is 25°20’.
The side opposite the given acute angle is equal to 48.3sin 25°20’. Hence we
compute 48.3 x sin25.3°. Set the index (right-hand index in this example) of
the C scale on 48.3 of the D scale. Move the hairline over 25.3° on the S scale.
Read 20.7 under the hairline on the D scale. Another method is to set the left
index of the C scale and D scale opposite each other. Set the hairline over 25.3°
on the S scale. Move the slide so that (right) index of the C scale is under the
hairline. Read 20.7 on the D scale under 48.3 of the C scale. The length of the
other leg is equal to 48.3 cos 25.3° or 48.3sin 64.7° = 43.7.

2. One angle of a right triangle is 68.3°, and the adjacent side is 18.6 ft. Find the
other side and the hypotenuse.
a = 18.6tan68.3° or 18.6/cot68.3. ¢ = 18.6/c0s68.3°. To find a, set the
indicator on 18.6 of the C scale, pull the slide until 68.3 of the T scale is under
the hairline, and read a = 46.7’ on the D scale under the right index of the C
scale. To find ¢, pull the slide until 68.3° of the S scale (read from right to left)
is under the hairline (which remains over 18.6), and read the result 50.3' on the
D scale at the right index.

This problem may also be solved by the law of sines, namely,

sinA _sinB _sinC or sin68.3  sin21.7 1
a b ¢’ a 186 ¢
Set 21.7° on S opposite 18.6 on D. Read ¢ = 50.3 on D under 1 of C. Move
indicator to 68.3° on S, read 46.7 under the hairline on D.

The various computations used in solving triangles may be greatly simplified
by use of the slide rule. Knowledge of various trigonometric relations is essential
for trustworthy results, and these relations cannot be developed in this brief
manual. It must suffice to say that once the proper relations are written down
(for example, the law of sines) with the given data substituted, the general
principles outlined above will suggest the proper settings to obtain the unknown
parts. However, additional instruction with respect to vector calculations by use
of the S and T scales is given below.
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2.6 Complex Numbers and Vectors

A wvector quantity is one which has both magnitude and direction. For example,
force and velocity are vector quantities. A quantity which has magnitude only
is called a scalar. For example, mass is a scalar. Vector quantities are often
represented by directed straight line segments. The length of the segment rep-
resents the magnitude in terms of a selected scale unit. The segment has an
initial point A and a terminal point B, and direction is usually indicated by an
arrowhead at B pointing in the same direction as the motion of a point which
travels from A to B. In Fig. 10, three vectors are represented; namely AB of
magnitude 5, AC of magnitude 4, and CB of magnitude 3. Vectors AB and AC
have the same initial point, A, and form an angle, CAB, of 36.9°. The initial
point of vector CB is at the terminal point of AC. Vectors CB and AB have
the same terminal point.

Operations with vectors (for example, addition and multiplication) are per-
formed formed according to special rules. Thus in Fig. 10, AB may be regarded
as the vector sum of AC' and CB. AB is called the resultant of AC' and C_B;
the latter are components of A%, and in this case are at right angles to each
other. It is frequently desirable to express a given vector in terms of two such
components at right angles to each other. Conversely, when the components are
given, it may be desirable to replace them with the single resultant vector.

In algebra, the complex number x + iy, where i = v/—1, is represented by
a point P(z,y) in the complex plane, using a coordinate system in which an
axis of “pure imaginary” numbers, OY, is at right angles to an axis of “real”
numbers, OX.

The same point can be expressed in terms of polar coordinates (p, #) in which
the radius vector OP from the origin of coordinates has length p and makes an
angle 6 with the X-axis. The two systems of representation are related to each
other by the following formulas:

1. = pcosb,
2. y = psinb,

3. tanf = £ or 6 = arctan?,

4. p=+/xz?+ 92

Finally, the complex number x + iy may be regarded as a vector given in
terms of its components  and y and the complex operator i = v/—1. In practical
work the symbol j is preferred to i, to avoid confusion with the symbol often
used for the current in electricity.

The “Euler identity” e/ = cos @ + jsin# can be proved by use of the series
expansions of the functions involved. Then pe’? is an exponential representation
of the complex number = + jy, since pel® = pcosf + jpsin® = x + jy. The
notation is often simplified by writing p/@ in place of pe’?.
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If two or more complex numbers are to be added or subtracted, it is con-
venient to have them expressed in the form x + jy, since if Ny = x1 + jyi,
and No = x5 + jyo, then Ny + No = (21 + x2) + j(y1 + y2). If, however, two
or more complex numbers are to be multiplied, it is convenient to have them
expressed in the exponential form. Then if N7 = plej01 and Ny = p26j02 then
N1Ny = p1p2e?1492) or (p1£01)(p2l02) = p1p2l (01 + 02).

It is therefore necessary to be able to change readily from either of these
representations of a complex number to the other.

2.6.1 Changing from Components to Exponential Form

If a complex number x + jy (or vector in terms of perpendicular components)
is given, the problem of changing to the form p/6 is equivalent to finding the
hypotenuse and one acute angle of a right triangle. The formulas tan = £ and
p=vy/sinf, or p = x/cosb, are the basis of the solution. Thus if N =4 + 53,
when 4 of C is set opposite 3 of D, the value of the ratio £, or % = 0.75 is read
on D under the C index. If the indicator is set at the index, and the slide moved
so that 0.75 is under the hairline, the value of § = 36.9° may be read on the T
scale. Then p = 3/sin36.9 may be computed by moving the indicator to 3 on
the D scale, pulling 36.9 on the S scale under the hairline, and reading p = 5 on
the D scale opposite the left index of C. However, this method involves several
unnecessary settings and is thus more subject to error than the method given
in the general rule below.

Observe that if  and y are both positive and x = y, then tanf = 1 and
0 = 45°. If y < x, then 6 < 45°; if y > x then § > 45°. Thus if y < z, the T
scale is read from left to right. If y > x, the T scale is read from right to left.

Rule:

1. To the larger of the two numbers (z,y) on D set an index of the slide. Set
the indicator over the smaller value on D and read 6 on the T scale. If
y < z, then 6 < 45. If y > x, then 8 > 45, and is read from right to left
(or on the left of the graduation mark).

2. Move the slide until # on scale S is under the indicator, reading S on the
same side of the graduation as in 1. Read p on D at the index of the C
scale.

Observe that the reading both begins and ends at an index of the slide. By
this method the value of the ratio y/x occurs on the C (or CI) scale of the slide
over the smaller of the two numbers, and the angle may be read immediately
on the T scale without moving the slide. In using any method or rule, it is wise
to keep a mental picture of the right triangle in mind in order to know whether
to read 6 on the T or on the ST scale. Thus if the ratio y/x is a small number,
the angle 6 is a small angle, and must be read on the ST scale. To be precise,
if y/x < 0.1, the ST scale must be used. Similarly, if the ratio
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y/x > 10, the angle 6 will be larger than 84.3° and cannot be read on the
T scale. The complementary angle ¢ = (90 — 6) will, however, then be on the
ST scale, and then # may be found by subtracting the reading on the ST scale
from 90°, since 6 = 90 — .

EXAMPLES:

1. Change 2 + 53.46 to exponential or “vector” form. Note 6 > 45, since y > x (or
3.46 > 2). Set right index of C opposite 3.46 on D. Move indicator to 2 on D.
Read 6 = 60° on T at the left of the hairline. Move slide until 60 on scale S is
under the hairline (numerals on the left), and read p = 4 on the D scale at the
C-index. Then 2 + j3.46 = 4e7%° = 4/60°.

2. Change 3 + j2 to exponential or vector form. Note that § < 45° since y < =
(second component less than first). Set right index of C over 3 on D. Move
indicator to 2 on D, read § = 33.7° on T (use numerals on the right-hand side
of graduations). Move hairline to 33.7° on S. Read p = 3.60 on D under index.
Hence 3 4+ j2 = 3.60£33.7.

3. Change 2.34 4 j0.14 to exponential form. Since y < x, then 6 < 45°. Moreover,
the ratio y/x is a small number (actually about 0.06). Since the tangent has
one zero, the angle may be read on the ST scale. Set right index of C opposite
2.34 of D. Move indicator to 0.14 on D. Read 6 = 3.43° on T. The slide need
not be moved. The value of p is approximately 2.34. In other words, the angle
is so small that the hypotenuse is approximately equal to the longer side. Then
2.34 + 50.14 = 2.34/3.43.

4. Change 1.08 + 526.5 to exponential form. Here y > x, so that 6§ > 45°. But
! = % > 10. Set right index of C on 26.5 of D. Move indicator to 1.08 of
D. Read ¢ = 2.34° on ST. The slide need not be moved. The value of p is
approximately 26.5; § = 90 — 2.34° = 87.66°. Hence 26.5/87.66 is the required

form.

If x and y are both positive, 8 < 90°. If z and y are not both positive, the
resultant vector does not lie in the first quadrant, and € is not an acute angle.
In using the slide rule, however, x and y must be treated as both positive. It is
therefore necessary to correct 8 as is done in trigonometry when an angle is not
in the first quadrant.

EXAMPLES:

1. Find the angle between the X-axis and the radius vector for the complex number
—4 + j73. First solve the problem as though both components were positive.
The angle 6 obtained is 36.9°. In this case the required angle is 180 — § =
180° — 36.9° = 143.1°. Hence —4 + 53 = 5/143.1°. Similarly for —4 — 53, the
required angle is 180 + 6 = 180° + 36.9° = 216.9°, so —4 — j3 = 5/216.9°. For
4 — 53 the required angle is 360° — 6 = 323.1°, so 4 — j3 = 5/323.1°, which may
also be expressed in terms of a negative angle as 5/ — 36.9°.
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2. Change 17.2 — j6.54 to exponential form. Here the ratio y/x is negative so 6 can
be expressed as a negative angle. In numerical value y < x, so the numerical or
absolute value of § < 45°. Set left index of C opposite 17.2 on D. Move indicator
over 6.54 of D, read 8 = 20.8° on T. Pull 20.8 of S under hairline, read 18.4 on
D at left index. Hence 17.2 — j6.54 = 18.4/ — 20.8°, or 18.4/339.2°.

2.6.2 Changing from Exponential Form to Components

The process of changing a complex number or vector from the form pe’? = p/6
to the form z + jy depends upon the formule x = pcosd and y = psinf. These
are simple multiplications using the C, D, and S (or ST) scales.

Rule: Set an index of the C scale opposite p on the D scale. Move indicator
to 6 on the S (or ST) scale, reading from left to right (sines). Read y on the D
scale. Moving indicator to 6 on the S (or ST) scale, reading from right to left
(cosines), read x on the D scale.

If # > 90° or # < 0, it should first be converted to the first quadrant, and
the proper negative signs must later be associated with x or y.

EXAMPLES:

1. Change 4/60° to component form. Set right index of C on 4 of D. Move indicator
to 60° on S (reading scale from left to right). Read 3.46 on D under hairline.
Move indicator to 60° on S reading scale from right to left (cosines). Read 2 on
D under hairline. Hence 4/60° = 2 + 53.46.

2. Change 16.3/15.4° to the x + jy form. Set left index of C on 16.3 of D. Move
indicator to 15.4 of S, read 4.33 on D. Since 15.4° reading from right to left is off
the D scale, exchange indices so the right index of C is opposite 16.3 of D. Move
indicator to 15.4 of S, and read 15.7 on D. Hence 16.3/15.4° = 15.7 + j4.33.

3. Change 7.91/3.25° to component form. Set right index of C on 7.91 of D.
Move indicator to 3.25 on ST. Read 0.448 on D. To determine the decimal
point, observe that the angle is small, and hence the y component will also
be small. Obviously, when the hypotenuse is near 8, 4.48 would be too large,
and 0.0448 too small, to produce an angle of 3.25°. The cosine cannot be
set on ST, but the angle is so small that the x-component is practically equal
to the radius vector or hypotenuse. Hence 7.90 is a close approximation, and
7.91/3.25° = 7.90 + j0.448.

4. Convert 263/160° to the =+ jy form. Since 160° > 90°, compute 180° — 160° =
20°. Set left index of the C scale on 263 of D. Move indicator to 20° on S. Read
90.0 on D. Move the slide so that the right index of C is on 263 of D. Move
indicator to 20 (reading from right to left) on S. Read 247 on D. Since the angle
is in the second quadrant, 263/160° = —247 + 590.
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2.7 Illustrative Applied Problems

1. Two forces of magnitude 28 units and 39 units act on the same body but at
right angles to each other. Find the magnitude and angle of the resultant force.
In complex number notation, the resultant is 39 + j28. Change this to exponen-
tial form. Since 28 < 39, then then # < 45°. Set the left index of C on 39 of
D. Move indicator to 28 of D. Read 6 = 35.6° on T. Move slide so 35.6° on S is
under the hairline. Read p = 48.0 on D under the C-index. Hence the resultant
has magnitude 48 units, and acts in a direction 35.6° from the larger force and
90° — 35.6° or 54.4° from the smaller force. This angle can be read on the T
scale at the same time that 6 is read.

2. A certain alternating generator has three windings on its armature. In each
winding the induced voltage is 266.4 volts effective. The windings are connected
in such a way that the voltages in each are given by the following vector expres-
sions.

E1 = 266.4(cos0° — jsin0°)
E> = 266.4(cos 120° — 5 sin 120°) = 266.4 cos 120° — j266.4 sin 120°

Es = 266.4(cos 240° — 5 sin 240°) = 266.4 cos 240° — j266.4 sin 240°

Express these numerically.
E1 =266.4(1 — j0) = 266.4 — 50

To find Es, reduce the angles to first quadrant by taking 180° —120° = 60°. Set
the right index of C on 266.4 of D. Move the indicator to 60° of S (reading right
to left). Read 133.2 on D. Move indicator to 60° on S, read 230.7 on D. Then

Ey = —133.2 — 5230.7

To find Ej3, reduce 240° to the first quadrant by noting 240° = 180° + 60°.
Hence, except for a negative sign, Fs is the same as Es, and

E3 = —133.2 + 5230.7

Suppose the first and second windings are so connected that their voltages sub-
tract; that is,

Eo = Ey — Ey = (266.4 — j0) — (—133.2 — j230.7) = 399.6 + ;j230.7

This may be changed to the p/6 form. Set the right index of C on 399.6 of D.
Move the indicator to 230.7 of D. Read 6 = 30° on T. Move slide so that 30° on
S is under the indicator, and read 461 on D at the C-index. Then Ey = 461£30°,
and hence the voltage is 461 volts and leads the voltage Ei by 30°.

3. An alternating voltage of 104 + j60 is impressed on a circuit such that the
resulting current is 24 — j32. Find the power and power factor. First convert
each vector to exponential form.

E =104 + j60 = 120£30° volts, approximately

I =24 — 732 =40/ — 53.130° amperes, approximately.
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Hence the voltage leads the current by 30° — (—53.1°) = 83.1°.

The power factor is cos 83.10° = 0.120. The power P = EI cos§ = (120)(40)(0.120) =
576 Watts, approximately.

. The “characteristic impedance” of a section of a certain type of line is given by
2

the formula Zg = \/ Z1Z2 + 24—1, where in each case, the symbol Z represents a

vector quantity. Compute Zy when

Zy =40 + j120, and Zo = 220 — 5110.

First convert to exponential form.

Z1 =40 + j120 = 126/71.6°
Zo = 220 — 5110 = 246/ — 26.6°

Hence
Z1Z> = (126)(246) £(71.6 — 26.6) = 31,000£45.0°

Zi 1262
22 = /2(71.
1 1 (71.6)
_ 15,900 1439
4
=3,975/143.2

Z = +/31,000245.0° + 3,975/143.2°

Since vectors are to be added before the square root is found, it is now convenient
to convert them to component form.

31,000£45.0° = 21,900 + 521, 900
3,975/143° = —3,180 + 52,390
To compute the latter, take 180° — 143° = 37°, compute the components using

37°, and observe that the x or real component must be negative since 143° is
an angle in the second quadrant. Then

Z = /(21,900 — 3180) + j(21, 900 + 2390)

= /18,720 + 524, 290

In order to find the square root, it is convenient to change back to exponential
form.

Z = /18,720 + 524,290 = /30,600/52.4°
= 175/26.2° ohms.

The final operation of taking the square root of 30,600 may be done without
actually reading 30,600 on the D scale. As the last step in converting Z to
exponential form, the indicator is moved to the index of the C scale, and 175
is read directly on the middle i scale. The angle is merely divided by 2. This
problem shows the value of being able to change readily from one form of vector
representation to the other.
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Chapter 3

USE OF LOG LOG
SCALES

To find the value of expressions like 1.37, 5.63-21, ¥/38, *{/84, and of many other
types of expressions, Log Log scales are used. The method of computing such
expressions will be explained in a later section. First, the Log Log scales will
be described.

3.1 Reading the Scales: Reciprocals

Below the slide is an ordinary D scale. Just below it is one continuous scale
about 40 inches long cut in 4 parts which are placed one under the other. The
top scale, marked N7, begins at about 1.00230. Set the hairline of the indicator
on this at the left end, then move it slowly to the right, reading 1.0025, 1.003,
etc., ending at 1.0232. When the end of the scale is reached, move the indicator
to the left and continue on the Ns scale below, reading 1.03, 1.04, etc. to about
1.259. The scale marked N3 begins at 1.259 and ends at 10. Finally, the scale
N, begins at 10 and ends at 10'° or 10,000,000,000 (ten billion). Note that the
decimal points of the numbers on these scales are shown.

Above the slide is a scale reading from about .9977 to 10~'° or 0.000,000,000,1
(one ten-billionth). This scale decreases from left to right. It is about 40 inches
long and is cut into 4 pieces which are placed one under the other. The decimal

points of the numbers on these scales are shown. The scales are marked N%,

i, etc.
e To learn one use of these scales, and for practice in using them, note that if
the hairline on the indicator is set over any number IV on one of these scales, the
reciprocal (1+N) may be read under the hairline on the corresponding spending
scale on the opposite side of the slide. For example, set the hairline over 20 on
Ny (the bottom scale below the slide). The reciprocal (1/20) = 0.05 is under
the hairline on 1/Ny (the bottom scale above the slide). Similarly, set hairline

over 2.5 on N3. Read 1/2.5 = 0.40 on 1/N3. Set hairline over 1.03 on No.
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Read 1/1.03 = 0.9708 on 1/N5. Set hairline over 1.0124 on N;. Read 1/1.0124
= 0.9878 on 1/N;. Conversely, for any number set on a scale above the slide,
the reciprocal is located on the corresponding scale below the slide. Although
reciprocals can also be read using only the CI and C scales, this method is less
accurate for many numbers, and moreover, the location of the decimal point
must be found by other methods.

Numbers on the Ny scale from 1073 up to 10™* (that is, 1000 to 10,000)
have 4 digits to the left of the decimal point. From 10+ up to 1016, they have
five digits. In general, for n > 0 and 107" < N < 10""!, the numbers have
n + 1 digits. Numbers on the 1/Ny scale from 1072 down to 10~* have three
zeros to the right of the decimal point. From 10~* down to 107°, they have
four zeros. In general, for 10" > N > 10~ ("1 they have n zeros to the right
of the decimal point followed by the scale reading, which decrease toward the
right. Thus the reciprocal of 13,500 (or 1.35 x 10%) is 0.0000740.

3.2 Finding Powers

To find, for example, the value of 2°, set the right index of the C scale on the
slide over 2 on scale N3. Place the hairline of the indicator over 5 on the C
scale; read 32 under the hairline of scale Njy.

Rule: To find b™, set an index of the C scale, over b on the Log Log scaale.
Move hairline to m on the C scale. Read result under hairline on Log Log scale.

Sometimes it is difficult to decide on which scale the value of the power or
b™, is to be read. To help make this decision, a small table has been printed
on the slide. The left-hand part is read as follows. When the left index of the
C scale is set over b of a Log Log scale, and there are 4 digits in m, then b™ is
found 3 scales below (if there are that many on the rule). If there are 3 digits
in m, then b™ is found 2 scales below. If there is 1 digit in m, then b is found
0 scales below (i.e., on the same scale as b). If there are 2 zeros in m, then b™
is found 3 scales above the one on which b is located (if there are that many on
the rule), etc.

Left index of C on b Indicator on Right index of C on b
Digits in m or | Zerosinm | m of Cscale | Digitsinm | or | Zeros in m

4132|1101 2 then ™ found | 3 | 2 1 0|12/ 3
3121110 scales below 312 1 0
0| 112 3 scales above 0 |1]2 3
Fig. 15
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EXAMPLES:

1. Find (1.00342)'78°. Set left index of the C scale on 1.00342 (on Ni). Move
hairline to 178 on C. Since 1780 is a four-digit number, the result is found under
the hairline and 3 scales below, namely 435, approximately, on N4.

2. Find (1.046)%*-5. Set left index of C scale on 1.046 on Na. Move hairline to 23.5
of C scale. Since 23.5 is a two-digit number, the result is found 1 scale below
Ny, that is, on N3. It is 2.88, approximately.

3. Find (1.352)°9378, Set left index of C on 1.352 on N3. Move hairline to 378 on
C. Since 0.0378 is a one-zero number, the result is found 2 scales above N3 or
on Ni. It is 1.0114, approximately.
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4. Find (0.97)*. Set left index of C on 0.97 on 1/N2. Move hairline to 14 on C.
Since 14 is a two-digit number, the result is found one scale below on 1/N3. It
is 0.653, approximately.

When the right index of C must be used to set b, the right side of the table
is read in the same manner as above.
EXAMPLES:

1. Find (1.163)'%8. If the left index of the C scale is set on 1.163, the number 16.8
is too far to the right to be used. Therefore the right index is set on 1.163 on
N3, and the hairline moved to 16.8 of the C scale. This is a two digit number,
and the result is two scales below, namely 12.6 on Ny.

2. Find (1.163)%°1%%. Set the right index of the C scale on 1.163 on N, and the
hairline on 16.8 of C. Since 0.0168 is a one-zero number, the result is found 1
scale above N2, and is 1.00254, read on Nj.

3. Find (0.15)°7. Set right index of C scale on 0.15 on 1/N3. Move hairline to 27
on C scale. Since 0.027 is a one-zero number, the result, 0.95, is 1 scale above
on 1/N. See Fig. 11.

One of the great advantages of the scale arrangement on the Deci-Log rule
is that, if m is a negative exponent, the value of b may be found without
intermediate settings. If b is set on any one of the bottom scales, b™ (for m
negative) is on one of the top scales. Conversely, if b is on one of the top scales,
b™ (for m negative) is on one of the bottom scales.

EXAMPLES:

1. Find (1.03)7>7. Set left index of C scale on 1.03. Move hairline to 1.75 of C
scale. Since 1.03 is on N, the reciprocal, or 1/1.03, is on 1/N3. Since 1.75 is
a one-digit number, the result is 0 scales below, and is .9496, found on 1/Na.
Recall that (1.03)™" = 1/(1.03)" = (1/1.03)*™. See Fig. 12.

2. Find (0.05)7%:%928  GQet left index of C on 0.05 on 1/Ns. Move hairline to 28 on
C. The reciprocal of 0.05 is on N4. Since 0.0028 is a negative two-zero number,
the result is read 3 scales above N4, and is 1.00842 on N;.
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3.3 Using the CF Scale

When the C scale is used for some settings, the slide extends far outside the
stock or fixed part of the rule. For example, when finding 7'!2, it extends far
to the right. This may be avoided by using the CF scale. Set the index of CF
(i.e. the scale mark under the large 1 on CF) on 7 (on Nj), move the hairline
to 1.12 on CF, and read the result, 8.84, on N3. Similarly, to find (1.03)%-09% if
the C scale is used, the slide projects far to the left. It need not be moved so
far if the index of CF is used instead of the right index of C.

To determine on which scale the result must be read, decide whether the
index of the CF scale is being used as a left index or as a right index, and use
the table printed on the rule. In the first example above, the index is used as
a left index; in the second, it is being used as a right index. Since 0.091 is a
one-zero number, the result for (1.03)%9%! is read one scale above Na, and is
1.0027, approximately.

The CI scale may also be used in this way. In this case, the hairline is set
over b on a Log Log scale, the slide is moved until m on CI is under the hairline,
and the result is read opposite the CI index on a Log Log scale. Since the Cl
scale is a C scale reading in the opposite direction, to use the table on the slide,
the right index of CI must be regarded as a left index, and the left index of CI
regarded as a right index.

3.4 Powers of e

The base of the Napierian system of logarithms is e = 2.718---. This number
occurs in so many different problems that it is convenient to be able to compute
N = ¢e™, or to find m = log.N. This may be done in exactly the same way as
described above for ™, using e as the base. However, it is easier to use the CF
scale instead of the C scale, since the index of CF is opposite e when the C and
D scales coincide. Then only the indicator needs to be moved over m on CF,
and the result read on the proper Log Log scale. The table on the rule may be
used to help decide the proper scale after first deciding whether the index of CF
is being used as a right or as a left index.
EXAMPLES:

1. Find €. Set slide so C and D scales coincide (or so index of CF is above e on
N3). Move indicator to 3 on CF. Read 20 on N4. Note that, in this example,
the index of CF is used as a right index (since 3 is found on its left), and 3 is a
one-digit number. The result is 1 scale below N3. See Fig. 13.

2. Find €%%3%. Move indicator to 135 of CF. Since 0.0135 is a one-zero number,
and the index is being used as a left index (135 is on its right), the result is 2
scales above e on N;. It is 1.0136, approximately.
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The scale arrangement of the DecieLog Log rule makes the evaluation of
hyperbolic functions easy. Note that the e and e~ are found with one setting
of the hairline. Thus to compute coshx for z = 1.5, set the slide so the C
and D scales coincide, move hairline to 1.5 on CF, read e!® = 4.48 on Nj
read e 1® = 0.223 on 1/N3. Since coshz = (e + e72)/2, cosh1.5 = (4.48 +
0.223)/2 = 2.352. Also, note sinhz = (e —e™%)/2 = (4.48 — 0.223)/2 = 2.13.
Since tanh x = sinh / cosh z, tanh 1.5 = 0.905.

3.5 Roots

The finding of roots is the inverse of finding powers.

Rule: To find %/b, set hairline over b on a Log Log scale, pull m on C scale
under hairline, read result on Log Log scale at the index.

EXAMPLES:

1. Find +v/6.3. Set hairline over 6.3 on N3, move slide so 5 of C scale is under

hairline, read 1.445 under left index on 3.

2. Find v/0.56. Set hairline over 0.56 on 1/N3, move slide so 4 of C scale is under

hairline, read 0.865 at right index of C on 1/Na.

The proper scale on which to read the root may be determined by the table
on the slide if the top legend is read “Left index of C on root” (or Right index of
C on root) and the center is read with the words below and above interchanged.
Thus in example 2 above, the right index is used and since 4 is a one-digit
number, the root is found one scale above 1/N5. The explanation for this is
simple. By definition, %/b is a number which raised to the mth power produces
b. That is ( ¥/b)™ = b. If, for example, the right index is on %/b, and m has one
digit, the table shows that b is one scale below /b, or reversing the language,
/b is one scale above b.

The CF scale may be used instead of the C scale to avoid having the slide
project far beyond the rule in some problems.

A second method of finding roots makes use of the CI scale.

Rule: To find /b or b'/™ set index of C scale on b on Log Log scale, move
indicator to m on CI, read result on Log Log scale under hairline.

This method uses the theory of exponents to express a root by using a frac-
tional exponent (e.g., 1/m). This fraction can be divided out and the result used
as an exponent as described under finding powers. Thus v/3 = (3)/4 = 3025,
However, the CI scale does the division automatically since it gives reciprocals
of numbers on the C scale.

EXAMPLES:

1. Find *¥/8.5 or (8.5)1/42. Set right index of C scale over 8.5 on Na. Move

hairline to 4.2 on CI scale, read 1.664 on N3 under hairline.

2. Find “%/0.964 or (0.964)'/°%  Set left index of C scale on 0.964 on 1/Na.

Move hairline to 3 on CI. Note that when 0.03 is on 1/Ny, the reciprocal 1/0.03
on Ny is a two-digit number. The table on the slide shows that the result for a
two-digit exponent is 1 scale below. Hence the result in this problem is under
the hairline on 1/N3, and is 0.295, approximately.
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To compute b set index of C scale on b, move hairline over m of C scale,
pull n of C scale under hairline, read result under index of C scale.
EXAMPLES:

1. Find 16%. Set left index of C scale on 16 of Ny scale. Move hairline to 3 of C
scale, pull slide so 4 of C scale is under hairline. Read 8 under right index of C
scale on N3. This is the same as finding 16%7°, and the table on the slide shows
the result is 1 scale above Nj.

2. Find (0.615)%. Set left index of C scale on 0.615 of 1/N3. Move hairline to 2.3
on C scale, pull 4.7 of C scale under hairline. Note that the exponent is about
1/2 or 0.5, and to set (.615)%® properly, the right index of C would be on 0.615,
and 0.5 of C would be near the left end of the rule. The table on the slide shows
the result is on the same scale as 0.615. Read the result 0.788 on 1/N3.

This example can be solved more readily by use of the CF scale as follows:
Set index of CF on 0.615, move hairline to 2.3 on C, pull slide until 4.7 of C is
under hairline, read result above index of CF.

3.6 Common Logarithms, Base 10

When the hairline of the indicator is set on any number on one of the four
bottom scales (N1, No, N3, Ny), the logarithm of the number (to the base 10)
can be read on the D scale under the hairline. Thus (a) log;, 100 = 2, (b)
log,,20 = 1.301, (c) log;,200 = 2.301. For numbers set on the Ny scale, the
primary graduations on D give the characteristics, and the secondary and other
graduations give the mantissas. The decimal point of the logarithm is at the
right of the first digit read. Note that this is indicated by the notation D. at
the left end of the Ny scale. For numbers set on scale Ny, (or .00D scale), place
two zeros at the left of the reading on the D scale, then the decimal point.
Thus log 1.004 = 0.001733. On scale Ny (.OD), place one zero at the left of
the reading under the hairline of the D scale, then the decimal point. Thus
log1.04 = 0.01703. In other words, for each lower scale the decimal point is
moved one place to the right. Thus log1.5 = 0.1761, and log 15 = 1.17. The

table below summarizes this discussion.
If number is  Read figures of

on scale logarithm on D Example Logarithm

Ny put two zeros on the left, N; =1.00644 0.00279
then point

No put one zero on the left, then Ny = 1.0662 0.0279
point

N3 put point on the left N3 =19 0.279

Ny put point after the first digit N4 = 601 2.790

The cologarithm of a number set on one of the bottom scales may also be
read on the D scale. The cologarithm may be read with a positive mantissa on
the D scale by reading from right to left using the white on black numerals. The
symbol “Co.” is printed at each end of the D scale as a reminder of this fact.
For example, colog 20 = —log20 = —1.301. When the Co. scale is used, the
reading is 8.699, and the complete cologarithm is 8.699 - 10.
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If numbers are set on the Ny or on the 1/Ny scale, the decimal point is at the
right the first digit read on the Co scale. However, it is useful to read as though
it was on the left, then multiply by 10 and subtract 10. Thus, read 0.8699 and
rewrite 8.699 — 10.

EXAMPLES:

1. Find colog 1.71. Set hairline on 1.71 on scale N3, read 0.767 on Co. scale.
Refer to the upper right-hand corner of the rule, at the end of the 1/N3 scale,
where the symbol 9.Co — 10 is printed. This helps to show that the complete
cologarithm of 1.71 is 9.767 — 10.

2. Find colog 1.128. Set hairline on 1.128 on 1/N; scale, glance at right end of
1/N2 scale, and write 9.9 - 10. Read 477 on Co. scale under the hairline,
and enter these figures on the blanks. Thus, colog 1.128 = 9.9477 — 10.

The logarithms for all numbers on the scales above the slide (1/Ny, 1/Na,
etc.) are negative. The small minus sign (—) at the left end of the upper scales
is a reminder of this fact. When the hairline of the indicator is set on one of
the numbers of these scales, the figures of its logarithm can be read under the
hairline on the D scale. Thus log;,0.50 = —0.301.

If the logarithm is to be expressed with a positive mantissa, the Co. scale is
used. Glance at the right end of the upper scales, and write down the symbol
at the end, replacing the “Co.” by the reading of the Co. scale.

EXAMPLES:

1. Find log0.50. Set hairline on 0.50 of 1/N3 scale. Write 9.___ - 10, and read 699

on Co. scale. Then log0.50 = 9.699 — 10.

2. Find log 0.006. Set hairline on 0.006 on 1/N4. Read 0.778 on Co. scale. Multiply
by 10 and subtract 10. log0.006 = 7.78 — 10, approximately.

3. Find log 0.9952. Set hairline on 0.9952 on 1/N; scale. Write 9.99___ - 10. Read
792 on Co. scale, and enter these figures after the 9, obtaining 9.99792 - 10.

4. Similarly, log 0.005 = —2.301 = 7.699 — 10, and log 0.945 = —0.0246 = 9.9754 —
10.

From a table of logarithms, log0.997 = 9.99870 — 10 and log0.9997 =
9.999870 — 10; that is, the insertion of an extra 9 between the decimal point
and the original number yields a logarithm which also has an extra 9 in the
same place. Consequently, the left part of the uppermost scale can also be
used for numbers which have three 9’s to the right of the decimal point fol-
lowed by other digits. The logarithms of these numbers, written in the form
9._ - 10, have three 9’s following the decimal point, followed by the read-
ing of the Co. scale. Thus, log0.9991 = 9.99961 — 10, approximately. Their
cologarithms have an extra zero to the right of the decimal point. Their re-
ciprocals, read on scale 1/Ny, also have an extra zero. Thus, if 1/N; = .9994,
log 1/N; = 9.99974 — 10 = —0.00026, and 1/N; = 1.000603.

3.7 Logarithms to Base e

The process of finding logarithms to the base e, or natural logarithms, is the
opposite of the steps explained above for finding powers of e.
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Rule: To find log, N, set the hairline over N on the Log Log scale. Read
log, N on the CF scale.
EXAMPLES:

1. Find log, 20. Set hairline over 20 on N4 scale. Read 3, approximately, on CF
scale. To verify that the result is 3, and not 0.3 or 30, etc., the table on the slide
may be used. In this example, the index of CF is being used as a right index.
Since 20 is one scale below e (i.e., b), the top line of numbers in the right part
of the table shows there is 1 digit in the exponent, or logarithm.

2. Find log, 1.08. Set hairline on 1.08 on Nz. The index of CF is used as a right
index, and 1.08 is one scale above e on N,. Hence, from the table, there is 1
zero in m, the logarithm, which is read as .077 on CF.

3. Find log, 0.25. Set hairline on 0.25 of 1/N3. The index of CF is used as a left
index. The logarithm is negative, since 0.25 is on an upper scale. Note 0.25
is on 1/Ns3, which corresponds to N3 or the scale on which e is found. That
is, it is “0” scales above or below. Enter the second line of the left side of the
table on the slide at 0, and read from the line above that there is 1 digit in m.
The logarithm is -1.386, read on the CF scale. To express this with a positive
mantissa, set 1.386 on the D scale, and read from the Co. scale 8.614 - 10. Thus,
log, 0.25 = —1.386 = 8.614 — 10.

4. Find log, 0.035. Move hairline to 0.035 on 1/N4. Read 335 on CF. Since 0.035
is on 1/Ny4, the reciprocal is on N4 (at about 29), and since the logarithm of
the reciprocal is 3.35, log, 0.035 = —3.35. Also, set 3.35 on D, and read 6.65
- 10 on the Co. scale. To use the table on the slide to determine the decimal
point in 335, note that the index of CF is being used as a right index in this
example. Since 1/0.035 = 29 is one scale below e, enter the second line of the
right side of the table at 1, read 1 in the line above as the number of digits in
m, the logarithm or exponent.

3.8 Solving Exponential Equations

The method of solving equations of the type b = N, where b and N are known
and m is unknown, is very similar to the process of finding " = N when m is
known and N unknown. (See 3.2, above.)

Rule: Set the index of the C scale (or CF scale) on b. Move the hairline to

N on a Log Log scale. Read m under the hairline on the C scale (or CF scale,
if it was used).

EXAMPLES:

1. Solve 1.37™ = 8.43. Set left index of C on 1.37 on N3. Move hairline to 8.43 on
N3. Note that both 1.37 and 8.43 are on the same scale. The table on the slide
shows that the exponent m has 1 digit. Read 6.77 under the hairline on the C
scale.

2. Solve 0.75% = 0.872. Set left index of C scale on 0.75 on 1/N3. Move hairline
to 0.872 on 1/N2, which is 1 scale above. Hence, there are 0 digits in x, which
is read as 0.476 on the C scale.

3. Solve for y if (0.94)Y = 2.37. Set left index of C scale on 0.94 on Na. Move
hairline to 2.37 on N3. Since these numbers are on opposite sides of the slide,
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the exponent is negative. The reciprocal of 0.94 is on the N2 scale, and 2.37 on
N3, is one scale below. Hence there are two digits in y, which is read as 13.9 on
the C scale.

4. Solve for p if 5.277 = 0.818. Since the slide would project far to the right if
the left index is set on 5.27, it is better to use the CF scale. Set index of CF
on 5.27 on N3. Move hairline to 0.818 on 1/N>. Read 1209 on the CF scale
under the hairline. The two known numbers are on opposite sides of the slide,
so the exponent is negative. In this example, the index of CF is being used as
left index. The reciprocal of 0.818 on N2 is one scale above 5.27 on N3, and
hence there are 0 digits in the exponent. The result is, therefore, -0.1209.

It is useful to notice that when powers are being found, the logarithm solution
may often be directly observed on the C and D scales. As a simple example,
consider finding z = 23. Then logz = 3log2. When the left index of the C
scale is set on 2 of the N3 scale, the logarithm of 2, or 0.301, is visible on the
D scale under the index of the C scale. When the hairline moved to 3 on the C
scale, one may think of this operation as multiplying 0.301 by 3 by use of the
C and D scales. The result is 0.903, read on the D scale and this in turn is the
logarithm of 8, read below it on the N3 scale.

3.9 Readings Beyond the Scales

Occasionally there is need to compute an expression which involves values not
on the scales. To compute b™ for b less than 1.0023, note that by the binomial
expansion (1 + xy)% =1+ mx + ..., and if xy is sufficiently small, these first
two terms will give a good approximation.

EXAMPLES:

1. Find (1.0004)>". Since 1.0004 cannot be set on the scales, compute 14-(2.7)(0.0004) =

1.00108, approximately.

2. Find 53%9°99%  Although 53 can be set. the result cannot be read on the

0.02
scales. Write the expression in the equivalent form {53 00z = [530:00410:02,

The expression in brackets is found in the usual manner to be 1.016. Then
(1.016)%°2 = 1 +0.02 x 0.016 = 1.0003, approximately.

3. Find 30%. The usual setting leads to a result beyond the N, scale. Write the
expression as 5% x 6. Now 5% = 3.9 x 10°, approximately, and 6% = 1.7 x 10°
approximately. Hence 30% = 3.9 x 10° x 1.7 x 10° = 3.9 x 1.7 x 10! = 6.6 x 10*".
Moreover note 30°% = 30* x 30% = 8.1 x 10° x 8.1 x 10° = 66 x 10'° = 6.6 x 10*!,
approximately. Thus, by breaking up the expression into factors, and computing
each separately, the approximate results are obtainable. These results are also
readily obtained by logarithms.

Also, it may be noted that if greater accuracy is desired in the logarithms
of any numbers set on the Ny scale to the right of 103, these numbers may
be set on the scale above (the N3 scale), and the sequence of digits in the
mantissa read from the D scale. The characteristic is given by the primary scale
division at the left of the setting on the N4 scale. Thus, to find the logarithm of
2,430,000, or 2.43 x 10%, note that this number could be set on N4 between 10°
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and 107. Set the hairline over 2.43 on Ns, and read 385 on the D scale. Then,
log 2,430,000 = 6.385, approximately.

The logarithms of numbers on the 1/Ny scale between 1073 and 1071° may
also be obtained in this way. Thus, to find log 0.000000437, or log4.37 x 1077,
set 4.37 on the N3 scale and read 640 on the D scale.

3.10

Illustrative Applied Problems

1. A volume of 1.2 cu. ft. of air at 60° F (or 520° absolute) and atmospheric
pressure (14.7 1bs./sq. in.), is compressed adiabatically to a pressure of
70 1bs./sq. in. What is the final volume and final temperature?

(a)

Compute: V =1.2 (%) Ans. 0.394 cu. ft.

Set 70 on C opposite 14.7 on D, read 0.21 on D under the C-index.
By means of the hairline, transfer 0.21 to the 1/N3 scale, and pull
the right index under the hairline. Move hairline to 1.4 on CI, read
0.328 on 1/N3 under the hairline. Multiply 1.2 x 0.328 by the C and
D scales, reading 0.394 on the D scale.

Compute: T = 520 (%) Ans. 812° Absolute or 352°F.
Divide 70 by 14.7, and set the result, 4.76, under the hairline on
N3. Move right index of the C scale under the hairline, then move
hairline over 0.4 on the C scale, then pull the slide so 1.4 of the C
scale is under the hairline. Read 1.564 on N3. Multiply this by 520,
obtaining 812, the final temperature in degrees absolute. Subtract

460° to obtain 352°F.

Find the compound amount on an investment of 1200 at ?%% com-
pounded annually for 20 years. The formula is A = P(1 4 4)", or,
in this example, A = 1200(1.035)2°. Set left index of the C scale on
1.035 on N5. Move hairline over 20 on the C scale, read 1.99 on Nj.
Multiply this by 1200, obtaining $2390, approximately.

In how many years does money double itself at 4.2% compounded an-
nually? This problem requires finding n in the expression (1.042)" =
2. Set the left index of the C-scale over 1.042 on N5, move the hair-
line over 2 on N3, read 17 years, approximately, on the C scale under
the hairline.

3. The formula y = Wkem is the so-called “logistic of population.” For the
United States, the time t is measured in years from 1780. From studies by
the statistician Hotelling, a = 0.0315, b = 64.5, kK = 195.9 (millions). Esti-
mate the population for the year 1960 when the value of ¢ will be 180. Here

y:

195.9 First compute —0.0315 x 180 = —5.65. Set C and

1+64_5Xe—0.0315x180 .

D scales in coincidence, move the hairline over 5.65 on CF, read 0.00345
on 1/Ny. Multiply this by 64.5, obtaining 0.223, approximately. Add 1,
and then divide 195.9 by 1.223, obtaining 160 (million) approximately, as
the estimated population for 1960.
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