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PREFACE

There is a steadily growing interest in the capabilities of
graphical methods in the field of computation and an in-
creasing demand for applications of these methods to a broad
spectrum of scientific and engineering formulas—scientific
principles or laws expressed in mathematical symbols.

Over the years, man’s scientific endeavors have resulted
in the accumulation of ponderous volumes of these formulas
involving computation for their application to engineering
problems. At the same time, man has developed a number
of devices for reducing the labor of these computations-
numerical devices suchasthe abacus and tables of logarithms,
mechanical devices such as adding machines and desk calcu-
lators, electronic devices such as the modern computers,
and graphical devices such as the slide rule and the nomo-
graph. It is this last class of devices with which we are now
concerned.

In a day that is witnessing the lightning invasion of high-
speed desk calculators and electronic computers into the
research laboratories, engineering departments, and business
offices of industry, university, and government, one might
well expect the comparatively simple graphical device—
engineering workhorse of a decade or so ago—to dissolve
gracefully into oblivion before the onslaught. Instead, the
interest continues to grow,

The reason is quite simple. The calculat1on of a series
of values required for the solution of an engineering problem
(e.g., the design of a column for the fractionation of a hydro-
carbon mixture) can be quickly performed with all required
accuracy by the use of charts contained between the covers
of a handbook at the engineer’s fingertips. To use the
electronic computer with equal ease and speed, it would be
necessary that the engineer have at his fingertips both the
computer and a program on punch cards or tape for the



viii

specific problem, and that he be abletoenter his data without
delay and receive his results immediately. Such, of course, is
not the case. The computer is not at his fingertips, but in
another room or possibly another building; the program for
his problem, if it exists, is in a card file or tape repository,
and must be fed separately to the machine; his data must be
prepared in the proper form for entry; and his problem
must await its turn in the schedule of a busy computer.
Computer time and punch card programs are expensive in
comparison with nomographs, many of which are available
at little or no charge. For the computation of an extensive
table of values based upon a single formula, the computer
is economical, efficient, and remarkably fast, but in con-
venience and ease of operation it does not compete with the
graphical device for many of the day-to-day computations
of engineering. Indeed, by providing a high-speed method
for processing and analyzing the mountains of data generated
in today’s unprecedented program of research, the computer
is constantly spawning new formulas for which graphical
methods offer the most satisfactory means of every-day
application.

Many scientists and engineers that use graphical devices
have little idea of the relative merits and applicability of
the various types of devices, and virtually no knowledge of
the underlying theory of their construction. Yet, the mathe-
matics of this theory is so simple that mathematics advisers
on projects for high school science fairs would do well to
consider some of the methods described herein, such as
construction of special slide rules, nomographs for formulas
of current interest, and three-dimensional nomographs.
There is no lack of technical literature in this field, but
what is lacking is a systematic approach to the subject as
a whole, from the standpoints of both organization and

theory.
This book is an outgrowth of very earnest efforts towards

unifying my own knowledge in this field. Having made a
thorough study of nomographic methods and theory, I never-
theless found myself in poor shape to produce a series of
nomographs based on certain polynomials describing the
characteristics of flight of helicopters. A modification of
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existing theory greatly simplified the procedure for repre-
senting polynomials; however, it also pointed the way towards
the development of a new theory of nomographic representa~
tion, the hyperbolic coordinate method from which have grown
generalizations and extensions covering the entire field of
nomography. At the same time, extension of the idea of the
scale equation into the areas of graph papers, graphs, and
slide rules has simplified the application of these devices in
the field of computation.

Although some topics (e.g., the hyperbolic coordinate
method of nomography) are treated in much detail because
of the lack of thorough treatment elsewhere, other topics
(e.g., graphical integration and differentiation) are recognized
as being adequately covered in other sources and are here
given only introductory discussions by way of recognizing
their family relationships. Much of the material has been
expanded from my original publications in this field; how-
ever, it will be obvious to the reader that I have also leaned
heavily upon the works of such outstanding authors as
d’Ocagne, Allcock and Jones, Lipka, and Mavis.

The illustrative examples and the problems that close
each chapter represent many diverse disciplines, and they
are derived largely from private correspondence with many
that have discovered the value of graphical methods in their
own fields; to these contributors I am pleased to express
my appreciation. I am also deeply grateful to the many that
contributed kindly advice and assistance as this work prog-
ressed, especially Mrs. Margaret Looper Weill and Mrs.
Caren Burrows Yarbrough, who did some of the freehand
sketches; Mr. Howard G. Dunlap and Mr. Edward Foster,
who read portions of the manuscript; and the Engineering
Experiment Station, Georgia Institute of Technology, which
contributed generously to the support of the original research
as well as to the preparation of the final manuscript.

November 1964 " W. HERBERT BURROWS
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chapter 1
SCALES

All graphical methods of computation, indirectly or
directly, are based upon scales, This fact makes it imperative
that a clear and concise conception of the nature and proper-
ties of scales be acquired from the outset, To be sure,
readers of this book have been acquainted with scales of one
sort or another since infancy, and have used them to meas-
ure the dimensions of a room, to read the time of day, and to
ascertain the temperature or the velocity of an automobile.
But the background of experience thus acquired is of greater
value in the application of graphical devices to the solution
of problems than in the design of the instruments of computa-~
tion themselves.

NATURE AND PROPERTIES OF SCALES

1.1 Some Familiar Scales

The familiar scales in the frontispiece display several
features characteristic of all scales., Each is a line segment,
whether straight or curved, with subdivisions marked by
points or dashes along its length. The scale thus marked is
said to be graduated; the points or dashes are called gradua-
tions. Each scale has a point (which may or may not appear
on the segment shown) which is denoted as the origin of the
scale. The positions of remaining points on the scale are
determined by a functional relationship of the type,

s = mf(x) + 1o

in which s is the length of the line from the origin to the
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said point, m and lo are constant, and f(x) is some function?!
of the variable x represented by the scale. This relationship
is commonly known as the defining equation of the scale,

One scale shown is a foot-rule; divided into inches and
sixteenths of inches, but showing the useful half-inch, quarter-
inch, and eighth-inch subdivisions by dashes of different
lengths, The defining equation of this scale is s = x, which
is to say, the length of the segment of the scale is equal to
the distance it measures. Here f(x) is x, itself. The value of
m is unity, and that of lp, zero. A later discussion of the
meanings of m and lp should make the reasons for these
values clear.

Another scale shown is a thermometer scale, for which
the defining equation is

s=mt + 1p

in which t is the temperature in degrees Fahrenheit, m is a
proportionality constant, namely, the increase in length of
the mercury thread for each degree rise in the temperature,
and lg is the length of the mercury thread when the tempera-
ture is 0°F.

Still another scale is a radio dial, graduated in kilocycles
per second, a unit of frequency. Rotation of the dial in a
clockwise direction decreases the capacitance of a con-
denser in the radio circuit, which, in turn, increases the
frequency of the tuning circuit, Neither of these relationships
is linear (i.e., in direct proportion), for the condenser is
shaped in a manner such that equal angles of rotation do not
produce equal changes of capacitance; furthermore, frequency
is inversely; not directly, proportional to capacitance of the
condenser. The nature of f( ) is determined by this inverse
relationship and by the shape of the condenser blades, which
differs in various makes. Actually, the positions of the dial
corresponding to the frequencies shown were probably ob-

1 By “function of x” is meant a quantity whose value is fixed for each fixed value
of x. In a pure sense, f(x) may be a constant; i.e., it may have the same value
for all values of x. In all of the present cases, f(x) is a variable, taking on
different values for the different values of x.
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tained by calibrating an identical condenser against standard
frequencies. The exact nature of f(v) is of no importance,
and the scale may be quite satisfactorily defined by the
relationship

s = mf (W) + o

The frequency is represented by v and m is a proportionality
constant, the increase in length of scale for each increase of
unity in the value of f(v). Because of the inverse relationship
of f(x) to x, 1o is an infinite length, the length of the scale
when f(x) is zero.

1.2 Modulus

In the defining equation of the temperature scale,the term
m is identified as the increase in length of the mercury thread
corresponding to an increase of 1°F in the temperature, for
in this case the “function of the temperature” is the tempera-
ture itself. In the defining equation of the scale of a radio dial,
the term m is not a length of scale corresponding to an in-
crease of unity in the frequency, for this length varies over
the entire length of the scale, It is, instead, the length of
scale corresponding to an increase of unity inthe value of the
“function of the frequency.” This term, which is the length of
scale corresponding to an increase of unity inthe value of the
function represented, is known as the modulus of the scale,

The scale is constructed by plotting the positions of its
graduations on a reference scale, or reference frame, The
reference frame may be an axis of the cartesian coordinate
system—another scale, or simply a straight line having on it
two points with assigned values., The point on the reference
frame having the assigned value of zero is known as the
origin, The origin of the reference frame does not necessarily
correspond to the zero point of the scale, which is the posi-
tion of the point f(x) = 0 on the reference frame. Figure 1:1
shows three logarithmic scales all having the same modulus
(2.5 inches) but differing in the position of its zero point on
the reference frame. The zero point of scale A coincides with
the origin of the reference frame. The zero point of scale B
lies 1.5 inches to the left of the origin; that of scale C lies
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four inches to the right of the origin of the reference frame.
These positions are defined by the values of 1 in the defining -
equations, which are, respectively, s = 2.51ogx, s = 2.5 log x
- 2.5, and s = 2,5 log x + 4.

1.3 Some Useful Types of Scales
Some of the more useful types of scales are shown in
Figure 1:2. These scales are extensively used in the con-

[AIIIIIIIHII'!]!UJH‘IIIIIHIIII,I]I|I“|[IIIIIHHIIII]I]IIHI
] 2 3 4 7 10 2 3 4 7 1ot 2 3 4 7 10
AR R B R UL AR L AR AL
i?l U T TRy Ty [TTTTTT T T [[] TTTTHI
RS LR E S UL
iModulus
| 24" - g 2}’ o
l!lllilllllilll

o -
Reference (inches)

FIG. 1:1 LOGARITHMIC SCALES, MODULUS 2.5
INCHES, WITH DIFFERENT ZERO POINTS
A) 8 =2,5log x; B) s = 2,5 log x - 1,5;
C)s=2,5logx + 4.0

struction of graph papers, nomographs, and slide rules. The
characteristic defining equations of these scales are

Linear: X=mx + lg

Logarithmic: s=m logx + 1o
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Reciprocal: s=m/x+ lg
‘ . _ mx
Hyperbolic: s=g—5 1o

The last of these is shown for the case r = 1.

1.4 Errors in Absolute and Relative Scales
It must be recognized from the beginning that accuracy in
the use of a scale depends upon one’s locating the exact point

LINEAR
0 1 2 3 4 5 6 7 8
Lot o b oo e e b b B
LOGARITHMIC

5 6 7 8 910
[lllllll|l[[|||l|||llIllllilll[llll(lll_llllll[lllllI'llll
RECIPROCAL {REVERSED) 20 50
1
(I Ixl1l1|1|1||h||||1[:I|111||111|llnllul \ (l
HYPERBOLIC

(o]

05
Ly 108 |11[1]1[1|11|I|[1|u[uu (lllli[lllﬂll\(ﬁ

FIG. 1:2 TYPICAL LINEAR, LOGARITHMIC, RECIP~
ROCAL, HYPERBOLIC SCALES

representing the desired value of the variable that the scale
represents. As this is virtually impossible, there is always
an error, however slight, represented by the difference in the
position of the point actually located and the position of the
desired point. If the value of x at the desired point is x7, and
that at the point actually located is xg, then the difference
X2 - x71 is the error in reading the value of x at that point.
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FIG. 1:3 ABSOLUTE AND RELATIVE ERRORS OF
LINEAR AND LOGARITHMIC SCALES

This difference may be designated A4x; then Ax = x35 - x7.
The absolute error of the scale isthe ratio of the error in the
value of the reading to the error in position of the point, or
Ax/As. To confine attention to a single point, it is necessary
that the increments Ax and As be infinitesimal, whereupon
the value of the absolute error becomes

dx

Absolute error = &

In essence, this factor dx/ds determines the magnitude of

the error which will result from a given error in locating a
scale point,

In financial matters, virtually all computation is per-
formed with the same absolute error; regardless of the size
of the budget, it must be accounted to the penny. This is not
the case in numerous other fields, wherein errors of meas-
urement are related to the size of the measurement, In such
cases, the relative error hasgreater significance, The relative
error is defined as the ratio of the value of the absolute error
to the value of the variable being measured, or

Relative Error = gy_{;{/_gl_s_
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Absolute and relative errors of the linear and logarithmic
scales at various positions are shown in Figure 1:3, 4s is
taken as 1/10 inch, whichis large compared with the infinites-
imal, ds; consequently, the estimates given for the values of
the errors on the logarithmic scale cannot be exactly equal
to the true values obtained from theformulas, They are close
enough, however, to show the significance of these errors.
It may be noted that the linear scale has the same absolute
error throughout its length, That is, the absolute error of the
linear scale is independent of the variable represented. This

TABLE 1:1

ERRORS IN SCALES

Type Defining Equation = Absolute Error Relative Error
Linear s =mx +1 L L
] m mx
Logarithmic s =m log x +1 Xz 1
(] m m
m —x2 -X
i = == + —— —_
Reciprocal s - 10 o m
mx Xt r 2 X t T 2
Hyperbolic g = +1 Ktz
X +tr 3] rm rmx

is not true on the logarithmic scale, where the absolute error
increases with the value of the variable; the logarithmic
scale has the same relative error throughout its length,

The absolute and relative errors of the scales shown in
Figure 1:2 are given in Table 1:1,

1.5 Non-linear Reference Frames

The usual reference frame for the construction of scales
for graphical computations is an axis of the cartesian co-
ordinate system; these coordinates are linear. It is occasion-
ally necessary, however, to construct a scale upon some other
base, as, for example, an hyperbolic coordinate axis. In these
cases, the scales are designated as such by name, using the
name of the function followed by the name of the reference
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Hyperbolic-Logarithmic Scale
02 03

0.4 05 06 08 1O 2 3 5
[aX} 0.2 0.3 0.4 05 0.6 0.8 L0
Logarithmic Axis
Logarithmic -Hyperbolic Scale
1 15 2 3 5
| | o Ll
l f T 1 [IIII| ]lIIllHIII[I|IIII| l
o [oX] 0.2 03 0.5 Lo ®

Hyperbolic Axis

FIG, 1:4 LOGARITHMIC-HYPERBOLIC AND HYPER-
BOLIC-LOGARITHMIC SCALES

frame, For instance, a logarithmic-hyperbolic scale is a
scale whose graduations are computed from a logarithmic
function and plotted on an hyperbolic reference frame, Figure
1:4 shows a logarithmic-hyperbolic scale and an hyperbolic-
logarithmic scale. Obviously, the two are not identical.

METHODS FOR CONSTRUCTING SCALES

1.6 Construction of a Scale from Data

If the value of s for each value of x that is to be plotted
has been computed, or exists in the form of a data table, the
'scale may be constructed by locating each scale point on the
reference frame. Table 1:2 shows the vapor pressures of
water over a range of 0° to 100°C, which may be used as a
basis for the construction of a scale of vapor pressures as
functions of temperature,

As v.p. = £(t), the defining equation of the scale is

8; = m(V.p.)t - 1o

1, may be taken as zero; the modulusm is selected to accom-
modate the range desired within the length of the scale:

length
range of function

modulus =
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TABLE 1:2

VAPOR PRESSURES OF WATER
(in mm of Mercury)

t,°c V.P.,mm t°C V.P.,mm t°C V.P.,mm t°C V,P,mm

0 4.58 58 136.08 73 265.7 87 468.7
10 9.21 60 149.38 74 277.2 88 487.1
20 17.54 61 156.43 75 289.1 89 506.1
25 23.76 62 163.77 76 301.4 90 525.8
30 31.82 63 171.38 Vi 314.1 91 546.1
35 42,18 64 179.31 78 327.3 92 567.0
40 55.32 65 187.54 79 341.0 93 588.6
42 61.50 66 196.09 .80 3565.1 94 610.9
44 68.26 67 204.96 81 369.7 95 633.9
46 75.65 68 214.17 82 384.9 96 657.6
48 83.71 69 223.73 83 400.6 97 682.1
50 92.51 70 233.7 84 416.8 98 707.3
52 102.09 71 243.9 85 433.6 99 733.2
54 112.51 72 254.6 86 450.9 100 760.0
56 123.80

In this case the range of v.p. is approximately 800 mm, and
the length of scale desired is eight inches, The modulus is
then 8 inches/800 mm. = 0.01 inch/mm. It follows that 1
inch = 100 mm, (Fig. 1:5).

The reference frame is a scale divided into inches and
tenths of inches, marked with the values of vapor pressure.
Points corresponding to the values of vapor pressure for each
value of temperature are marked off onthis reference frame,
and the temperatures to which they correspond are printed
on the scale,

20 30 Temperature (°C)

o\ (40 50 60 70 80 90 100
I! 1 |[[“[Ill|| [llllllllllllllllll || Ll | 11 11 I § AR O I 1 1 1 1 I
rlT‘l‘l‘llllllll’lllIlIllIl[ll]]llllll)llll]ll]lll||l|(|]|[]I‘I|]lll(']ll"ll‘['l
0 100 200 300 400 500 €00 700 800

Vapor Pressure {mm Hg)

FIG. 1:5 SCALE SHOWING VAPOR PRESSURES OF
WATER AS A FUNCTION OF TEMPERATURE, °C
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TABLE
P
Values ofx:p+r and 1 - x
p/T X l-x /T X
.0QO .00000 1.00000 ol .04398
.001 .00100 .99900 .07 04489
.002 .00200 .99800 .048 .04580
.003 .00299 .99701 .0k9 Nolltcyat
.00k .00398 .99602 .050 .ok762
.005 .00408 .99502 2051 .04853
.005 .00596 .99koL 052 .0L9gh3
.007 00695 .99305 .053 .0503%3
.008 L0079 .99206 ,05h .05123
.009 00892 .99108 .055 05213
.010 .00990 .99010 .056 .05303
011 .01088 .98012 .057 .05393
.012 .01186 L0881 .058 .05482
.013 .01283 98717 .059 .05571
.01k .01381 .98619 060 .05660
.015 .01478 .98522 .061 .05749
.016 .01575 .98k425 062 .05838
.017 .01672 .98328 .063 05927
.018 .01768 .98232 .06k 06015
.019 .01865 .98135 .065 .06103
.020 .01961 .98039 066 .06191
.021 .02057 .97943 .067 .06279
.0g2 .02153 97847 L068 .06367
.023 .02248 .97752 L0569 .06455
L02k L0234k .97656 .070 06542
.025 .02439 .97561 .071 .06629
.026 0253k L9T466 072 .06716
.027 .02629 97371 073 .06803
.028 .0272h 97276 .07k .06890
.029 .02818 .97182 .075 06977
.030 .02913 .97087 076 .07063
.031 .03007 .G595% 077 .07150
.032 .03101 .9689¢ 078 .07236
.033 .03195 .95805 .079 .07322
.03k .03288 .96712 .080 .07k07
.035 .03382 .96618 .081 .07493
.036 .03475 .96525 .082 .07579
L0377 .03568 .96L32 .083 .0766L4
.038 .03661 .9613G .08k .07749
.039 L0375k 96246 .085 L0783k
.040 .03846 .S6152 .086 07919
.04l .03939 L9606L 087 .08004
.0k2 .0Lk031 95969 .088 .08088
043 .0k123 .95877 .089 .08173
.Olyly .04215 .95785 .090 .08257
-O)+5 .OM-}O‘ ,9569]4 .091 .085)-1—1

.95602
.95511
.95420
.95329
.95238
.95147
.95057
.oko6T
.9L8TT7
.OLT787
.9Lk697
94607
.94518
.9Lkl2g
.9h3ko
.9h251
.94162
.94073
.93985
.93897
.93809
.93721
.93633
93545
.93458
-93371
.9328%
93197
.93110
-93023
.92937
.92850
L9276L
.92678
.92593
.92507
L9241
.92336
.92251
.92161
.92081
.91996
.01912
.61827
LOLTH3
91659
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p/r X X - X p/r X 1l - x
.092 .08L25 © 91575 143 .12511 87489
.093 .08509 L9491 RS .12587 .87413
.09k .08592 .91408 .45 .1266k4 87336
.095 .08676 L9132k 146 .1274%0 .87260
.096 .08759 L91241 L1h7 .12816 .8718%
.097 .088k2 .91158 .48 12892 .87108
.098 .08925 .91075 .1hg .12968 87032
.099 .09008 .90992 .150 L1304k 86956
.100 .09091 .90909 .151 13119 .86881
101 L0974 .90826 152 .1319h .86806
.102 .09256 .90T7hk .153 .13270 .86730
.103 .09338 50662 154 .13345 .86655
.10k .09420 .90580 .155 13420 .86580
.105 .09502 ©.90498 .156 13495 .86505
.106 .09584 .90k1E 157 .13570 86430
.107 .09666 .9033k4 .158 L1364k 86356
.108 L0977 .90253 159 13719 .86281
.109 .09829 L9017 160 .13793 .86207
.110 .09910 .90090 .161 .13875 .86133
11 .09991 .90009 162 .130Lk2 .86058
112 .10072 .89928 163 .14%016 85984
113 .10153 .898kL7 .16k .1%089 85011
ALk .10233 .8a767 165 14163 .85837
.115 1031k .89686 166 14237 85763
116 .1039k4 .89606 167 .14310 .85690
.17 .10475 .89525 168 14384 85616
.118 .10555 .89Lks .169 khsT 85543
119 .10635 .89365 170 L14530 85470
.120 loyak’ .89286 ATL 14603 .85397
.21 L1079k .89206 iy 14676 .85%24
122 .10873 .89127 173 L1h7hg 85251
123 .10953 .8o0LT TR 14821 .85179
12k .11032 .88958 175 L1480k .85106
.125 11111 .88889 176 L1LG5G 85034
126 11190 .88810 177 .15038 .8Lose
127 11269 .88731 .178 .15110 .84890
.128 .11348 .88652 179 .15182 84818
.129 .11k26 88574 .180 .1525k 8UThé
.130 L1150k 88496 181 15326 .8LETY
131 .11583 .88h17 182 .15398 84502
172 J11661 .88339 .183 15459 84531
.133 11739 .88261 .18k4 L1554 .8Lis9
13k 11817 .88183 .185 15612 84388
135 11894 .88106 .186 15683 84317
.136 .11972 .88028 .187 L15754 .8lol s
137 .12049 87951 .188 .15825 84175
.138 12127 .87873 189 .15896 8410k
.139 12204 87796 .190 .15966 L8403k
L1450 12281 .87719 .191 16037 83963
Akl .12358 87642 .192 16107 .83893

k2 .12L3h 87566 193 16178 83802



APPENDIX
T/t x
.194 .16248
.195 16318
.196 .16388
.197 .16458
.198 .16528
.199 16597
.200 L16667
.201 .16736
.202 .16805
.203 .16875
204 .1694L
.205 .17012
206 .17081
.207 .17150
.208 .17219
.209 17287
.210 .17355
.211 L17kok
212 .17hg2
.213 .17560
.21k 17628
.215 L17696
.216 .17763
217 .17831
.218 .17898
.219 L17966
.220 .18033
.221 .18100
222 18167
.223 .18234
.22k .18301
.225 .18357
226 18434
227 .18500
.228 .18567
.229 .18633
.230 .18699
.23k .18765
.232 .18831
.233 .18897
.234 .18963
.235 .19028
236 .19094
.237 .19159
.238 .19225
.239 .19290
.240 .19355
2k .19420
.2k2 19455
.23 .19550
2hk 19614

.83752
.83682
B3612
.83542
83472
.83403
.83333
.8326k4
.83195
.83125
.83056
.82988
,82919
.82850
.82781
.82713
.826L45
.82576
.82508
.824ko
.82372
8230k
.82237
.82169
.82102
.82034
.81967
.81900
.81833
81766
.81699
.81633
.81566
.81500
.81433
.81367
.81301
.81235
.81169

©.81103

.81037
.80972
.80906
.80841
.80775
.80710
.80645
.80580
.80515
.80450
.80386

245
246
2Lt
.248
249
.250
.251
.252
.253
.254
.255
.256
.257
.258
.259
.260
261
262
.263
264
.265
266
267
.268
.269
.270
271
272
.273
27k
.275
276
277
278
.279
.280
.281
.282
.283
284
.285
.286
287
.288
.289
.290
.291
.292
.293
.294
.295

421

X 1l -x
19679 .80321
.19743 .80257
.19808 .80192
.19872 .80128
.19936 .80064
20000 .80000
20064 .79936
.20128 .79872
.20192 .79808
.20255 LT9T45
.20319 .79681
.20382 .79618
20446 .79554
.20509 .79491
.20572 . 79428
.20635 .79365
.20698 .79302
.20761 .79239
.20823 L9177
.20886 L7911k
.20949 .79051
.21011 .78989
.21073 . 78927
21136 . 78864
.21198 .78802
.21260 .78740
.21322 .78678
.2138k .78616
21445 .78555
.21507 .78493
.21569 .T8431
.21630 .78370
21692 .78308
.21753 . 78247
.21814 .78186
.21875 .78125
.21936 . 78064
.21997 . 78003
.22058 .T7942
.22118 77882
.22179 .77821
22240 LT7760
.22300 L77700
.22360 .T7640
.ook21 .T7579
.22h81 .T7519
22541 .T7h59
.22601 .77399
22661 .T7339
22720 .77280
.22780 LT7220



422 GRAPHICAL TECHNIQUES

p/T X 1l -x p/r X 1l -x
296 22840 L7100 .356 28367 L71633
297 .22900 77100 .398 28469 L71531
.298 .22958 .T'70k2 .4oo 28571 71429
.299 .23018 -76982 .ho2 28673 71327
.300 23077 .76923 Lok 28775 .71226
.302 .23165 .76805 406 - .288765 L7112k
304 .2331% 76687 .408 28977 .71023
.306 .23430 .76570 410 .29078 70922
.308 23547 C75U53 e 29178 . 70822
310 2366k .76336 RISEN .29279 70721
.312 23781 .76219 16 29379 . 70621
31k .23897 .76103% 418 29478 . 70522
316 .24k012 .75588 .20 29577 70423
.318 .2h27 .75873 Lo 29677 70323
.320 24242 .75758 k2l .29775 .70225
322 24357 75643 426 29874 70126
52k .2k 275529 428 .29972 .70028
326 .24585 L5415 430 .30070 .69930
.328 . -2k699 .75301 L3 .30168 .659832
.330 24812 .75188 3L .30265 .69735
L3302 .2h925 75075 436 .30362 69638
.33 .25038 .71#962 1438 ‘50)4_59 '6951‘1
.336 .25150 .T4850 Lo .30555 .69kl
.338 25262 .Th738 Lo 30652 .69348
.34o .25373 74627 Ll .30748 .69252
342 2548l .T4516 RIS 30844 .69156
J3kk .25595 LTUhO5 L8 .30939 69061
.346 .25706 .Thogk RTe) 31034 .68966
.348 .25816 L7484 452 .31129 68871
.350 .25926 LTHOTh sk J3lesk 68776
.352 .26036 L7396k 456 .31319 .68681
354 26145 .73855 458 31413 .68587
.356 26254 LT3746 460 .31507 .68493
.358 26362 .73638 RIT] 31801 68349
.360 26471 .13529 RIT L3169k .68306
362 26579 .T3k21 466 .31787 .68213
.36k4 .26686 LT3314 468 .31880 .68120
.366 2675 .73206 470 .31973 .68027
.368 .26901 .73099 72 .32068 .67935
370 .27007 72993 RN 32157 .67843
372 27114 72886 A76 .32249 67751
BTk .27220 .72780 78 .32341 .67659
376 27326 LT2674 .L8o 32432 67568
378 27431 .T2569 Jh82 32524 OT4TE
.380 27536 LT2k6k 48 32615 .67385
582 27541 .72359 486 .32705 67295
384 27746 .T2254 .488 32796 67204
.386 .27850 .72150 koo .32886 67114
.388 27954 . 7206 Jho2 32976 67024
.390 .28058 .T194k2 Lol . 33066 66934
392 .28161 .71839 496 33155 66845

.304 28264 LTLT736 Lo 3324 66756



- APPENDIX

_p/r

.500
.502
W50k
.506
.508
.510
512
.51L
.516
.518
.520
.522
.524
.526
.528
.530
.532
.53L
.536
.538
.540
542
.54k
546
543
.550
.552
.554
.556
.558
.560
562
564
.566
.568
.570
572
574
.576
.578
.580
.532
584
.536
.588
.590
.592
.594
.596
.598
.600

423

X 1l - x
33333 .66667
.33422 66578
.33511 .66L89
.33599 66401
.33687 .66313
-33775 .66225
.33862 .66138
.33950 .66050
.3%037 .65963
34124 .65876
34211 .65789
.3k297 .65703
.34383 65617
.34k469 .65531
.34555 65445
34641 .65359
34726 65274
.34811 .65189
.34896 .5510k4
.34980 65020
.35065 64935
.35149 .64851
.35233 .6h767
-35317 .64683
.35401 .64599
.3548k .64516
.35567 .GhU33
.35650 .64350
-35733 .64267
.35815 64185
.35897 .64103
.35980 .64020
.36061 .63939
.36143 63857
.36224 .B3776
.36306 63694
.36387 .63613
36468 .63532
.365L48 .63452
.36629 .63371
.36709 .63291
.36789 63211
.36869 .63131
.36948 63052
.37028 62972
.37107 .62893
.37186 .62814
.37265 62735
.37343 .62657
.37he2 62578
.37500 .52500

p/r X 1l - x
602 .37578 62422
.60k .37656 .62344
606 .37733 L62267
.608 .37811 .62189
.610 .37888 .62112
612 .37965 .62035
.61k .38042 .61958
616 .38119 .61381
.618 .38195 .61805
.620 .38272 .61728
622 .38347 .61652
.62h .3842h .61576
626 .38L499 .61501
.628 .38575 .61425
.630 .38650 .61350
.632 .38725 61275
634 .38800 .61200
.636 .38875 .61125
.633 .38950 .61050
640 .39024 .60976
642 .39099 .60901
yann .39173 .60827
646 .39247 .60753
.648 .39320 .60680
.650 .39394 60606
652 .39467 .60533
654 .39541 .60459
.656 .39614 .60386
.658 .39686 .60314
.660 .39759 60241
662 .39832 .60168
664 .39904 .80096
.666 .39976 60024
668 .Looks .59952
.670 .40120 .59880
672 .bo1g1 .59809
L67h ko263 .59737
676 40334 59666
.678 .Lobos .59595
.680 Lob76 .59524
682 Jhosht .59453
.68k .Lo618 .59382
.686 L0688 .59312
.688 .4o758 .592k42
.690 .Log28 .59172
.692 .40898 .59102
694 40968 .59033
.696 .41038 .58962
.698 Jb1io7 .58893
. 700 RRRN() 58824
.702 Jh12ks .58754



424 GRAPHICAL TECHNIQUES

p/r X 1-x /T X 1-x
704 41315 ,58€85 .806 Lhée2g 55371
.T06 41383 58617 .808 44690 .55310
.708 Jahse .58548 .810 Jh7s1 .5524g
.710 41520 .58480 812 44812 .55188
712 41589 58411 .81k 44873 .55127
.71k L1657 .58343 815 JLhg3l .55066
.T16 41725 .58275 .818 .Lhgol 55006
.718 41793 .58207 .820 45055 .5holis
.720 41860 58140 822 45115 .54885
.T22 41928 .58072 .82k 45175 .54825
.72k 41995 .58005 .826 45235 54765
.726 42063 57937 .828 45295 54705
728 42130 57870 .830 45355 54645
.730 42197 .57803 .832 RIS 54585
.732 4e263 STT3T .83k Jishrh .54526
LT3k 42330 57670 .836 .4553h .SL4L66
.736 L2396 57604 - .838 .45593 .5hhoT
.738 Lok63 57537 .84o 45652 54348
LTLO ko529 57471 842 RICYARN .5428g
JThe 42595 57405 e 45770 54230
Rrnn REISE 57339 846 45829 Sh17L
LT46 L2726 57274 .848 45887 54113
.T48 Lo792 57208 .850 45946 .5hosk
.750 42857 57143 .852 .Léook .53996
.752 Jhogop 57078 .854 48063 .53937
LTS5k 42087 .57013 .856 46121 .53879
756 43052 56948 .858 46179 .53821
.758 43117 .56883 .860 RINYL1 .53763
760 43182 .56818 .862 Jhbogh .53706
.T62 43246 56754 .86k 46352 .53648
LT76L L43311 56689 .866 46409 .53591
L7166 L3375 .56625 .868 LLeheT .53533
.768 43439 56561 .870 .hé52L 53476
LT70 43503 .56497 872 46581 .53419
772 L3567 56433 874 46638 53362
Rrden 43630 .56370 .876 46695 .53305
776 43696 56304 .878 46752 .53248
.778 43757 56243 .880 46809 .53191
.780 43820 .56180 .882 46865 .53135
.782 43883 56117 .884 L6921 .53079
784 43946 .56054 .886 46978 .53%022
.86 .4hoog .55991 .888 Riy(e) N 52966
.788 J4ho72 .55928 .890 47090 .52910
.790 R .55856 892 RIVARIYS .52854
792 JA4h106 .55804 .89k 47202 52798
794 LL259 55741 .896 L7257 .52743
.796 321 55679 .898 L7313 52687
.798 44383 .55617 .900 47368 .52632
.800 bl .55556 .902 kol .52576
.802 L4506 55494 .90k L7479 52521

.80k 4hs568 .55432 .906 A753h 52466



425

APPENDIX
p/Tr X
.908 L7589
.910 L76Lh
.012 L7659
.91k L7753
L9156 k7808
.918 47862
.920 Lot
.92 Rigderal
.92kL 48025
.926 L8079
.928 48133
.930 48187
.932 48240
.93k L4829k
.936 48347
.938 .48L0oo
.9k0 L85k
.Gh2 48507
.9kl 48550
Relte 48613
.gh8 48665
.950 .48718
.952 48770
.95k 18823
.956 48875
.958 L8927
.960 48380
.962 .Loo3e
.96k .Loo8L
.966 49135
.G6B . 40187
970 49239
972 k9290
.97k Lho3hl
.976 49393
.978 RSN
.960 .Lghos
.982 LLoshé
.98k 19597
.986 .4o6L8
.988 L9698
.990 La7h9
.9%2 49799
.99k 49850
L5906 49900
.998 49950
1.000 .50000
1.005 .50125
1.010 .50249
1.015 .50372
1.020 50495

1l - x p/r X 1l - X
.52h11 1.025 .50617 49383
52356 1.030 50739 ho261
.52301 1.035 .50860 .ho1ko
52247 1.040 .50980 49020
.52192 1.0k45 .51100 48900
.52138 1.050 .51220 48780
.52083 1.055 .51338 48662
52029 1.060 51456 L85kl
.51975 1.065 L5157k RESHEEL
.51921 1.070 .51691 48309
.51807 1.075 .51807 48193
.51813 1.080 51923 48077
.51780 1.085 .52038 JLhr962
.51706 1.090 .52153 787
51653 1.095 52267 L7733
.51600 1.100 .52381 L7619
51546 1.105 5245k 47505
51493 1.110 52607 47393
51440 1.115 .52716 47281
.51387 1.120 .52830 L7170
51335 1.125 52941 47059
51282 1.130 53052 46948
.51230 1.135 53162 46638
51177 1.1k0 53271 46729
51125 1.145 .53380 L6620
.51073 1.150 .53488 L6512
.51020 1.155 .53596 LL6LOoL
50968 1.160 .53704 L6296
.50917 1.165 .53811 46189
.50865 1.170 .53917 46083
.50813 1.175 54023 45977
50761 1.180 54128 k5872
.50710 1.185 54233 L5767
50659 1.190 54338 L5662
.50607 1.195 Shlikp 45558
.50556 1.200 54545 45455
.50505 1.205 54649 45351
50454 1.210 LS5L751 45249
.50403 1.215 54853 U514
.50352 1.220 54955 45045
.50302 1.225 .55056 Lokl
.50251 1.2%0 .55157 JLL8L3
.50201 1.235 .55257 Lh7h3
.50150 1.240 .55357 RIS
.50100 1.245 .55457 JLhshz
.50050 1.250 .55556 LubbLh
.50000 1.255 .5565h RN
49875 1.260 .55752 LLh2L8
RierLul 1.265 .55850 .4k150
49628 1.270 .55947 .4Lkos53
49505 1.275 L5604k L3956



426 GRAPHICAL TECHNIQUES

p/r x 1 -~x p/r x 1 - x
1.280 56140 43850 1.535 .60552 39448
1.285 56236 376k 1.540 .60630 .39370
1.290 56332 13668 1.545 60707 39293
1.295 .56L27 43573 1.550 L6078k .39216
1.300 56522 L43478 1.555 60861 39139
1.305 56616 L3384 1.560 .60937 .39063
1.310 56710 43290 1.565 .61014 .38986
1.315 .56803 L3197 1.570 .61089 .38011
1.320 56897 43103 1.575 .61165 .38835
1.325 .56989 33011 1.580 .61240 38760
1.330 .57081 Leoig 1.585 .61315 .38685
1.335 STLT3 gt 1.590 .61390 .38610
1.340 57265 L2735 1.59 614604 .38536
1.345 57356 RIT-TN 1.600 .61538 .38Lée2
1.350 LSTLAT L2553 1.605 61612 .38388
1.355 ST537 RTINS 1.610 .61686 L3834
1.340 57627 L2373 1.615 .61759 .38241
1.365 STTAT 42283 1.620 61832 .38168
1.370 .57806 L4219k 1.625 .61905 .38095
1.375 57895 42105 1.630 L61977 .38023
1.380 .57983 k2oLt 1.635 62049 37951
1.385 .58071 JL1geg 1.640 .62121 .37879
1.390 .58159 .48h1 1.645 .62193 .37807
1.355 58246 RIS 1.650 62264 37736
1.k400 .58333 66t 1.655 62335 37665
1.405 .58420 41580 1.660 62406 37594
1.410 .58506 RINRR) 1.665 L6277 .37523
1.415 .58592 ko8 1.670 62547 .37453
1.420 .58678 L1302 1.675 L62617 .37383
1.425 .58763 L2337 1.680 £2687 .37313
1.43%0 .58848 RINRLY-) 1.685 .62756 s yenn
1.435 .58932 .41.068 1.690 62825 R YaNG)
1.440 .59016 .Loo8L 1.695 52894 L7106
1.Lus .56100 40900 1.700 62963 37037
1.450 .5918L L0816 1.705 - L6303L .36969
1.455 59267 L0733 1.710 .63100 .36900
1.460 .59350 40650 1.715 63168 .36832
1.465 .59L432 40568 1.720 63255 36765
1.470 59514 .4oL8s 1.725 .63303 36697
1.475 .59596 .Lokok 1.730 .63370 36630
1.480 59677 L0323 1.735 63437 .36563
1.485 59759 Jho2k1 1.7%0 .63504 36496
1.490 .59839 .Lo161 1.745 .63570 .36430
1.495 .59920 L0080 1.750 63635 .36364
1.500 .60000 .Loooo 1.755 63702 .36298
1.505 .60080 .39920 1.760 63758 36232
1.510 .60159 L3984 1.765 .6383L .36166
1.515 50239 .39761 1.770 .63859 .36101
1.520 L60317 .39683 1.775 63964 36036
1.525 60396 39604 1.780 .64029 35971
1.530 L6OLTL .39526 1.785 .64093 .35907



APPENDIX
p/T x 1 -x p/r x

1.790 .64158 .358L2 2.090 67638
1.795 .6Loo2 .35778 2.10 57742
1.800 64286 L3571k 2.11 67846
1.805 .6h3ko .35651 2.12 57949
1.810 N 35587 2.13 68051
1.815 .6LLT6 35524 2.1k 68153
1.820 64539 .354h61 2.15 58254
1.825 64602 .35398 2.16 68354
1.8%0 L6LES 35336 2.17 68454
1.835 6L727 .35273 2.18 68553
1.840 64789 .35211 2.19 68652
1.845 .6L851 35149 2.20 68750
1.850 .6Lo12 .35088 2.21 68847
1.855 64973 35027 2.22 68944
1.850 .65035 34965 2.23 69040
1.865 65096 34904 2.24 69136
1.870 65157 34843 2.25 59231
1.87 .65217 34783 2.26 69325
1.880 65278 .3h7e2 2.27 59419
1.885 .65338 3hb62 2.28 69512
1.890 .65398 .3hE02 2.29 69605
1.895 65458 J3hsho 2.30 69697
1.500 .65517 L3483 2.31 .69789
1.905 65577 .3hbe3 2.32 .(69880
1.910 .65636 34360 2.33 .69970
1.915 65695 .34%05 2.34 70060
1.920 65753 .3hauy 2.35 70149
1.925 65812 .34188 2.36 70238
1.930 65870 .34130 2.37 70326
1.935 .65928 .3ho72 2.38 TOL1L
1.940 65986 .3L01L 2.39 70501
1.6L5 .660LL .33956 2.40 70588
1.950 66102 .33898 2.4 70674
1.6955 66159 .33841 2.k2 STO760
1.960 66216 .3378L 2.43 70845
1.965 66273 33727 2.4k 70930
1.970 L66330 .33670 2.45 7101k
1.975 66387 .33613 2.46 71098
1.980 66443 .33557 2.47 71181
1.985 66499 .33501 2.48 71264
1.990 66555 33445 2.49 71347
1.995 66611 .33389 2.50 71429
2.000 66667 .33333 2.51 71510
2.010 65777 .33223 2.52 71591
2.020 .66887 .33113 2.53 71671
2,030 .H6597 .33003 2.54 71751
2.0k0 .67105 .32895 2.55 71831
2.050 67213 .32787 2.56 71910
2.060 67320 . 32680 2.57 71989
2.070 L6727 32573 2.58 72067
2.080 67532 .32LE8 2.59 72145

427

1l - x

.32362
32258
.32154
32051
.31949
31847
L31746
L3154
31546
JB1hh7
.31348
.31250"
51153
.31056
.30960
30864
30769
30675
.30581
.30488
.30395
.30303
.30211
.30120
.30030
.29540
.29851
29762
29674
.29586
.2949G
20412
.29326
29240
.29155
.25070
.28986
28902
28815
28736
28653
.28571
28490
.28409
.28329
.28249
28169
28090
.28011
27933
27855



428 GRAPHICAL TECHNIQUES

p/T X 1l -x p/T X 1l - x
2.60 .72222 27718 3.11 .75669 24331
2.61 .72299 27701 3.12 L75728 .2ho72
2.62 LT72376 2762k 3.13 .75787 24213
2.63 .Teks2 27548 3,14 .758k5 .2k155
2.6kL .Te527 27473 3.15 75904 24096
2.05 72603 27397 3.16 .75962 .24038
2.66 .T2578 27322 307 .T76019 23981
2.67 .72752 27248 3.18 76077 .23923
2.58 .72826 2717h 3.19 L6134 23866
2.69 . 72900 .27100 3.20 .761.90 .23810
2.70 .72973 27027 3.21 L7624 .253753
2.7 LT3046 26954 3.22 .76303 .23697
2.72 .73118 .26882 3.23 .T€359 23641
2.73 .73190 .26810 3.2h L76415 .23585
2.7h .73262 26738 3.25 LTOHTL 23529
2.75 .T13333 26667 3.26 .76526 2347k
2.76 LT340k4 265306 3.27 LT6581 23419
2.77 LT3W75 .26525 3.28 .T76636 .2336h
2.78 LT3545 26455 3.29 .76690 23310
2.79 L73615 .26385 3.30 LTETMs 23256
2.80 .7368L4 26316 3.3 L76798 23202
2.81 LT3753 262kT 3.32 .76852 23148
2.82 .73822 26178 3.33 .76905 23095
2.83 .73890 .26110 3.34 .76959 23041
2.8k .73958 26042 3.35 .77011 .22988
2.8y .Th026 .2697h 3.36 L7064 .22936
2.86 . 74093 .25907 3.37 Rraralis 22883
2.87 LTH160 .258L0 3.38 LT7L69 20831
2.88 .Thoot 25773 3.39 .T7221 22779
2.89 .Th293 .25707 3.40 77273 22727
2.9 .T4359 25641 3.4 L7732k 22676
2.91 .7hbes .25575 3.42 77376 22624
2.92 B¢l e'e) .25510 3.43 LTTuRT .22573
2.93 .Th555 25445 3.4h CTTWTT .22523
2.94 LT4619 .25381 3.45 .77528 2272
2.95 .T468L .25317 3.46 L7578 22422
2.96 JTUTAT .25253 3.47 77629 22371
2.97 L7L811 .25189 3.48 STTOTS 22321
2,98 ReeitSingnt .25126 3.49 L7728 20072
2.99 LThG3T .25053 3.50 LT7778 20022
3.00 .75000 25000 3.51 LT77827 22173
3.01 .75062 24938 3.52 77876 2212k
3.02 .7512h 24876 3.53 LT7925 .22075
3.03 .75186 24814 3.54 STT9Th 22026
3.0k .75248 24752 3.55 .T8022 .21.978
3.05 .75309 24691 3.56 .78070 21530
3.05 .75369 2h631 3.57 .78118 21882
3.07 LT5430 24570 3.58 .78166 .2183k
3.08 .75490 .24510 3.59 .7821k% 21750
3.09 .75550 .2kls50 3.60 .78251 21739
3.10 75610 24390 3.61 .78308 21692



APPENDIX 429
p/r X 1 -x p/r X 1-x
3.62 .78%55 21645 4,26 .80989 ,19011
3.63 .T8402 21598 4 .28 .81061 .18939
3.64 78448 21552 .30 81132 .18839
3.65 . 78495 .21505 ) 81203 .18797
3.66 .78541 21459 4, 34 .81273 18727
3.07 .78587 21413 4.36 .81343 .18657
3.68 . 18632 .21368 4.38 813 .18587
3.69 .78678 21322 4. 4o 81481 .18519
3.70 .18723 21277 b k2 .81550 .18450
3.71 .18769 .21231 b bl .81618 .18382
3.72 78814 .21186 4,46 .81685 .18315
3.73 .78858 .211k42 4 48 81752 .18248
3,74 .78903 .21097 4 .50 .81818 .18182
3.75 . 78947 .21053% k.52 81884 .18116
3.76 .78992 .21008 b 5k .81949 .18051
3.77 .79036 20964 k.56 8201k .17986
3.78 .79079 .20921 4,58 .82079 .17921
3.79 .79123 20877 4,60 82143 17857
3.80 LT9167 20833 4. 62 .82206 77O
3.81 .79210 .20790 4 .64 .82270 17730
3.82 .79253 20747 4 .66 82332 .17668
3.83 .79296 L2070k 4,68 .82394 17606
3.84 .79339 20661 4.70 82456 AT754,
3.85 .79381 .20619 L. 72 82517 .17483
3.86 Rrdrer=in .20576 b7y .82578 ATk22
3.87 .T9466 .20534 4,76 .82639 17361
3.88 .79508 .20492 4,78 .82699 17301
3.89 .79550 .20450 4.80 .82759 72kl
3.90 .79592 .20408 .82 .82818 L17182
3.91 .79633 20367 L 8l .82877 17123
3.92 .T9675 20325 4 .86 .82935 17065
3.93 .79716 20284 4.88 .82993 .17007
3.94 19757 20243 4,90 .83051 .16949
3.95 79798 .20202 L.92 .83108 .16892
3.96 .79839 .20161 b ok 83165 .16835
3.97 79879 .20121 4.96 83221 16779
3.98 .79920 20080 4.98 .83278 16722
3.99 .79960 .20040 5.00 .83333 16667
4 .00 .80000 20000 5.02 .83389 L6611
4,02 .80080 .19920 5.0k L8344 .16556
L .ok .80159 .198L41 5.06 .83498 .16502
4.06 .80237 19763 5.08 .83553 L16hhT
4. 08 .80315 .19685 5.10 .83607 .16393
4.10 .80392 .19608 5.12 .83660 .16340
k.2 80469 .19531 5.14 .83713 .16287
b1k .80545 .19455 5.16 .83766 L1623k
4,16 .80620 .19380 5.18 .83819 .16181
4,18 .80695 .19305 5.20 83871 .16129
k.20 80769 .19231 5.22 .83923 16077
4 22 .80843 .19157 5.2k 8397k .16026
424 .80916 .19084 5.26 .8L026 L1597k
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p/T X 1 -x p/T X 1l -x
5.28 .84076 L1592k 6.75 87097 .12903
5.3%0 82t 15873 6.80 87179 .12821
5.32 L8L177 .15823 6.85 87261 .1293G
5.34 .8Lp27 5773 6.90 87342 .12658
5.35 8hart 15723 5.95 87421 .12579
5.38 84326 5674 7.00 .87500 .12500
5.L0 .8L375 .15625 7.05 87578 .12he2
5.42 .82l 15576 7.10 87654 12346
S.hL Bhh72 .15528 7.15 87730 .12270
5.46 84520 .15480 7.20 .87805 .12195
5.48 84568 15432 7.25 .87879 12121
5.50 .8Lé15 .15385 7.30 87952 .12048
5.52 .BLo63 .15337 7.35 88024 11976
5.54 84709 .15291 7.40 .88095 .11905
5.56 84756 .1524L 7.45 .88166 .11834
5.58 .8u8o2 .15198 7.50 88235 11765
5.60 84848 .15152 7.55 .88304 11696
5.62 8489k .15106 7.60 88372 .11628
5.64 849k .15060 7.65 .88439 .11561
5.66 .8L985 15015 7.70 .88506 11494
5.68 .85030 .1L970 7.75 .88571 11429
5.70 .85075 14925 7.80 88636 11364
5.72 .85119 ,14881 7.85 .88701 11299
5.74 .85163 14837 7.90 88764 11236
5.76 .85207 14793 7.95 .88827 L1173
5.78 85251 .147hkg 8.00 .88889 11111
5.80 .8529L .1L4706 8.05 .88950 .11050
5.82 85337 .14663 8.10 .89011 .10989
5.84 .85380 L14620 8.15 .89071 .10929
5.86 85423 L1W5T77 8.20 .89130 .10870
5.88 .85465 L14535 8.25 .89189 .10811
5.9 85507 14493 8.30 89247 .10753
5.92 .855L49 14451 8.35 .89305 .10695
5.94 85591 .14409 8.40 .89362 .10638
5.96 .85632 14368 8.45 .89418 .10582
5.98 85673 L1h327 8.50 8947l .10526
6.00 85714 .14286 8.55 .89529 L1OkT7L
6.05 .85816 .14184 8.60 .89583 .10k417
6.10 .85915 .1408s. 8.65 89637 .10363
6.15 86014 .13986 8.70 .89691 .10309
6.20 .86111 .13889 8.75 .897hh 10256
6.25 .86209 .13793 8.80 .89796 .10204
6.30 .86301 .13699 8.85 .89848 .10152
6.35 .86395 .13605 8.90 .89899 .10101
6.40 .86486 L1351k 8.95 .89950 .10050
6.45 86577 13423 9.00 .90000 .10000
6.50 85657 .13333 9.05 .90050 .09950
6.55 86755 13245 9.10 .9009S .09901
6.60 .86842 .13158 9.15 .90148 .09852
6.65 .86928 .13072 9.20 .90196 .09804
6.70 .87013 12987 9.25 .o02kh 7 .09756
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/T X
9.30 .9029L
9.35 .90338
9.4%0 .90385
9.45 ‘90h5%
9.50 L9076
9.55 .90521
9.60 .90566
9.65 .90610
9.70 .90654
9.75 .90698
9.80 .907h1
9.85 .90783
9.90 .90826
9.95 .90868
10.00 .90909
10.1 .90991
10.2 .91071
10.3 .91150
104 .91228
10.5 L9130k
10.6 .91379
10.7 .91h453
10.8 .91525
10.9 -91597
11.0 .91667
11.1 91736
11.2 .91803
11.3 .91870
11.4 +91935
11.5 .92000
11.6 .52063
11.7 .92126
11.8 .92187
11.9 .922u8
12.0 .92308
12.2 .92kol
12.h .92537
12.6 .92647
12.8 L9275k
13.0 .92857
13.2 .92958
13.4 .93056
13.6 .93151
13.8 .93243
1k.0 .93333
1h.2 .93h21
1h.k .93506
14,6 -93590
14.8 .93671
15.0 .93750
15.2 .93827

1l -x /T X 1l - x
.09709 15.4 .93902 .06098
.09662 15.6 .93976 06024
.09615 15.8 .9LkoL8 .05952
.09569 16.0 .94118 .05882
L0952k 16.5 .94286 L0571h
Roiie] 17.0 LOLLLY .05556
.QoL3L 17.5 94595 .05405
.09390 18.0 94737 .05263
.09346 18.5 .9Lk872 .05128
.09302 19.0 .95000 .05000
.09259 19.5 .95122 04878
.09217 20.0 .95238 .oL762
L0017k 20.5 .95349 .0L651
.09132 21.0 .95465 .0Ls5hé
.09091 21.5 .95556 ol
.09009 22.0 .95652 .0L348
.08929 22.5 .957h45 .0k25s
.08850 23.0 .95833 .0k167
08772 23.5 .95918 .04082
.08696 24,0 95000 .0L000
.08%21 24 .5 LG50T8 .03922
08547 25.0 .9615k .03846
.08475 26 .962%6 L0370k
.08403 27 .96k2g L03571
.08333 28 .96552 .03448
L0826k 29 .96667 .03333
08157 30 L967Th .03226
.08130 31 .96875 .03125
.08065 32 .96970 .03030
.08000 33 .97059 .029h
.07937 3k .97143 .02857
07874 35 97222 .02778
.07813 86 .97297 .02703
07752 57 97368 .02632
.07692 38 L9743 .0256h
07576 39 .975C0 .02500
L0T7hE3 40 .97561 .02439
.07353 L2 L9767k .02326
07246 NN 97718 .02222
.0T7143 46 .97872 .02128
.070k2 48 97959 .02041
0694 50 .98039 01961
L0684 55 .98214 .01786
.06757 60 .98361 .01539
.06667 65 .9848s5 .01515
06579 70 .98592 .01408
.0649h 75 .9868L .01316
.08k 80 .98765 .01235
.06329 85 .98837 L01163
.06250 90 .98901 .01099
.06173 95 .98958 .010k2

100 .99010 .00990






Abscissas, hyperbolic, 316

- location of, 277
Absorbers, efficiency, 343
Absorption spectra, 176
Adjacent scales, 31ff
Alignment chart, 221
Analysis, 198

- graphical, 158
Analytic geometry, 73

- method, 224

- Advantages, 273

Area, 206
Averages, 344

- Simple, 104

- Weighted, 95
Binary mixtures, 365
Boyle’s law, 189
Cam, antilog, 216
Cartesian coordinates, 251

- relationship to hyperbolic

coordinates, 281

Castles’ equations, 324, 327, 329,

343, 344, 367
Charles’ law, 188
Coordinates, cartesian, 251
Cord strength, 343
Cornu spiral, 153, 185

Cubic equation, complete, 321

-~ reduced, 314
Curved scales, 314
Curves, flexible, 146
- standard, 143
Defining equation, cartesian
coordinates, 251
- Determinant form, 254

- graph papers, 75, 92, 103,

110, 122

normalized, 259
scale, 2
synthetic, 230

- three dimension, 362
Density, of gas, 190
Derivative, 194
Differentiation, 194

hyperbolic coordinates, 285
nomograph, 220, 230, 294ff

INDEX

Differential gear rule, 66
Diffraction, 185
Displacement, in computation, 175
Distance relationships, 184
Division, 113
Dyes, analysis of, 177
Efficiency, slide rule, 44
Electro-mechanical layout, 340
Empirical data, 153
Enthalpy diagram, 192
Entropy diagram, 192
Equation of straight line, 93
Error band, 156
Errors, absolute and relative, 5
Evolute, 148f
Exponential curve, 198
Extrapolation, 133, 143, 152, 160
Flex point, 137
Fluid flow, 233
Fractional powers, 117, 125

- Products of, 345
Freight rate differentials, 180
Fresnel diffraction, 185
Function, 2, 132

- regular, 133

- scale, 252
Gas flow, through orifice, 313

- through pipes, 345

- law, ideal, 189
Gay-Lussac’s law, 190
General hyperbolic coordinates, 346
Geometric mean, 114
Geometrical progression, 114
Geometry, analytic, 73
Gess and Irwin formula, 236, 247
Graduation, 1

- Distribution, 26
Graph, 132

- Calculating with, 171

- Complex, 160

- Condensed, 165

- Three-variable, 160

- paper, choice of, 140

- Construction of, 85

- Hyperbolic, 93

- Linear, 104
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- Logarithmic, 122
- Semilogarithmic, 110
- papers, computations, 92
- Defining equations, 75, 92, 103,
110, 122
- Types, 74
Graphical interpolation, 12 -
Graphs, construction of
nomographs, 395
Heat exchanger formula, 57, 399
Helicopter, horizontal velocity, 324,
327, 367
- Rate of climb, 344
- Vertical velocity, 329, 343
Heterogeneous formulas, 336
Horsepower, pump, 307
- Shafting, 299
Hydrocarbons, critical points, 342
Hyperbola, 198
- Nomograph, 253
Hyperbolic coordinates, 274
- Advantages, 273
~ Application, 285
- Characteristics, 280
- Defining equation, 285
- General, 346
- Plane, 373
- Properties, 370
- Relationship to cartesian
coordinates, 281
- Solid, 360, 386
- graph paper, 93
- nucleus, plane, 382
- Solid, 391
- scale, 4, 22
Ideal gas, 189
Ilumination, microwave, 342
Integration, 206
Intercepts, 137
Interpolation, 12, 107, 132, 143,
155, 171
- Compass, 146
Involute, 148f
Isobars, 187
Isometric translation, 187,
Isotherms, 187
Least squares method, 159
Linear graph paper, 104
- scale, 4, 21
Logarithmic graph paper, 122
- scale, 4, 21 .

Logarithms, common, 119
- natural, 119
Luminosity of lamps, 176
MacLaurin series, 200
Matrix transformation, 262
- Application to quadratic, 269
- Simplified, 267
Maximum, 137
Mean, geometric, 114
Microwave radiation, 342
Minimum, 137
Modulus, 3
- Alteration of, 13
- Introduction into determinant,
257
Mole fractions in residual liquids,
364
Mollier diagram, 192
MTD, 57, 399
Multiplication, 113
Network scales, 321
Nomogram, 220
Nomograph, 220
- Advantages of, 227
- Curved scale, 240
- Defining equation, 294ff
- From graphs and tables, 395
- Limitations of, 228
~ N-type, 237
- Oblique scale, 288
- Paralle scale, 287
- Three-dimensional, 294ff
- Versatility of, 227
- Vertical axis, 286
~ V-type, 348
- Z-type, 237
Nomography, 220
Normal, 203
- Method of, 204
-~ distribution curve, 166
N-type chart, 237
Nucleus, plane, 382
- Solid, 391 -
Oblique scales, 306
d’Ocagne, M. de, 220
Ordinates, hyperbolic, 277, 316
Orifice gas flow, 313
Origin, 3
Parabola, 198
Parallel index lines, 240
- lines, 384



INDEX

- scales, 37, 230, 293, 401
Pens, ruling and lettering, 24
Perpendicular index lines, 244
Photometric method, 212
Pipe taps, 236
Pipes, steel, 301
Pivot axes, 304
Plane, equation of, 388
Planimeter, 214
Plotting accuracy, 138

- board, 340
Polynomial, 200, 367
Powers, fractional, 117, 125
Preferred number distribution, 131
Pressure, of gas, 190
Products, 112, 122, 298, 301

- Fractional powers, 345
Progression, geometrical, 114
Projective relationships, 370
Proportionality, 105, 114, 312
Psychrometric chart, 162
Quadratic equation, 99, 257, 314

- Matrix transformation, 269
Quartic equation, 333
Quotients, 112, 122
r, evaluation, 321
T-value, 276 -

TRadial scales, 37
Radiation, electromagnetic, 184

- phase difference, 248
Rayleigh equation, 365
Reactance-frequency paper, 124
Reciprocal scale, 4

- sums, 104, 110
Rectangle, fitting nomograph to, 351
Rectification, 76, 156
Reference frame, 3

- Non-linear, 7
Rehbock formula, 336
Reproduction, 23
Residual liquids, mole fractions, 364
Retaining wall formula, 354
Routines, slide rule, 42
Run-around chart, 126, 174
Scale, 1

- Construction,13, 23, 288

- Defining equation, 2

- From data, 8

- From graph, 11

- Hyperbolic, 4, 22

- Linear, 4, 21
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~ Logarithmice, 4, 21
- Range, 288
-~ Reciprocal, 4
- Standard, 21
- Subdivision of, 26, 288
- Vertical, 290
Scales, adjacent, 31ff
- parallel, 37
- radial, 37
Scobey’s formula, 301
Semihyperbolic coordinates, 274,
277
~ Plane, 385
- Solid, 361, 391
Semilogarithmic graph paper, 110
Series expansion, 200
Shafting horsepower, 299
Sici spiral, 168
Slide rule, 39
- Routine, 42
- Special, 52
Slope, 137, 194
-~ Measurement of, 204
Solid hyperbolic coordinates, 360
Spitzglass formula, 345
Squares and square roots, 112
Straight line equation, 224, 378
- Cartesian, 177
- Hyperbolic, 282
Student’s t, 415
Stylus, 25
Sulfuric acid, mixtures with
oleum, 222
Sums, weighted, 99
- Reciprocal, 104, 110
Symmetry, 137
Synthetic method, 223, 229
t Distribution, 415
Table, 132
- In construction of
nomographs, 395
Tangent, method of, 203
Taylor series, 201
Temperature, 190
- difference, 57, 399
Three-dimension nomographs, 360
Torus, area, 294
Translation, in computation, 188
Volume of earthwork, 309
Weir formula, 336
Z~type chart, 237














