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The MATHEMA Universal Logarithmic Slide Rule

by Dr. Ing. Eugen Moeller, Darmstadt

History of the Logarithmic Slide Rule

The logarithmic slide rule was Invented and developed mainly as a result of

the formulation of logarithms by Jost Biirgi (1407) and Lord John Napier (1514),

the plotting of logarithmic scales by Edmond Gunter (1624),

the odoption of o second shiding ruler by Wingste (1527,

the orrongement of two similar logarithmic rules by Willlam Oughtred (1430),

the invention by Seth Partridge of the slide running in a stock (16567),

the formulation of double logarithmic scales by Reget [1815),

the re-invention of the cursor by Mannhelm {1851)

and the classical collaborative work “Darmstadt” under the direction of Prol. Alwin Walther (1934).

Construction of the Mathema Slide Rule

Tha Mathema Slide Rule hos been created for use In proctical mathematics and for the mathematical treal-
ment ol the natural sciences. With thiz purpose in view the Slide Rule has been provided with scales of all the ele-
mentary functions to such o degree of completeness thot calcslotion con be carried out in as direct o manner os
possible, thus nol only making these calculations simple to carry ovl but also ensuring moximum accuracy, The mani-
pulation &f the Mathemo Slide Rule is focillioted in ne small degree by the arrangement on the front of the Rule ol
the scales which are most frequently vsed, the intreduction of @ common unit for the arguments ef circular and hyper-
bolic funclions, the designation occording to formula of the primary functions and their Inversions, the logical number-
ing of the scales and the long length of the scoles and the markings on the cursor,

The stationary principal seale, lo which all the other scales on the stock are rolated, is designataed by Y.

The movable principal scale, 1o which all the other scales on the stock are related, is designated by y.

The primary functions are designated by f(X) or f(x), according to whether they are based on principel scole Y
ar princlpal scole y, Here the uswal arrangement applies:

Y = {(X)
y = f(x)
The inverse functions start from the principal scales ¥ and y are designated by f{Y) or f(y).
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As the functions on the back of the slide correspending to the designations f{x) and iy} are referred 1o the
principol scale y, the functional values belonging to the hair line on one window lie oppaosite the main scale v, |, e.
on the end lines of the stationary principal scale where ¥ = 041 or 1.

In order 1o moke it possible o represent the funclions In the range which [s of practical imporlance, some sco-
les are plotted in several stages.

It Is for this same purpose that In the case of many of the functions there are scale extensions beyond the prin-
cipal decade of the principal scales.

In the cose of some of the functions, the repetitions of the scale which also extend Beyond the principal decade
of the principal scoles make It unnecessary In many cases 1o change the position of the slide from one terminal posi-
tion 1o the other.

All the scalos running from left to right are in black. The retrogressive scales, that is to soy those whose num-
bars increase from the right towards the left of the slide rule. are in red.

The commen wnit used far the arguments of the circular and hyperbolic functions, which are related to cne
another and gre therefore ofien coupled with ene another In equations ond formulae, Is the metric degree. For the
easy conversion of metric degrees into circular measure (radicns), the curser is provided with setting marks for the
factar 2/2 on the normal scales.

The positions of the decimal peint in the figures given on the Mathema Slide Rule are vnifermly based on the
trigonometrical ond Pythogoreon scales. This does not apply to the scales with functional expressions in brackets.

For the sake of easy legibility, the designations of the numerical values have been kept short.

A peimt preceding or following a figure signifies thal so many noughts should preceds or follow this figure os
indicated by the small whele-number pewer of ten index given near by.

The scales, except those for X or log Y are divided frregularly. In particular, the intervals belween the marks
on the scale at different parts of a given scale are of different langths. Units dn the decimal system are not always
divided into 10 intervals, bul according 1o special requirements, either into 5 or 2. The mutual correspondences of
the scale values of the various functions are generally established by means of the principal hair line of the cursor.
At the left-hand end of the Slide Rule it is an adventage to use the lefl hair line of the cursor and at the right-hand
end of the Slide Rule to use the right halr line of the cursor, if the eX or log ¥ scales are not being vsed, The distan-
cas of the hair lines on the cursor from one another correspond to the factors afl, n, nf4 and 4z which are shown on
the lower edge of the cursor for the principal scales and on the lop edge of the cursor for the upper normal scales.

The paragraphs giving exomples of computations in this booklet and on the back of the Mathema Slide Rule
are arranged from lefy to right in the order of the individuaol compulation stage: and therefore in general do not

4
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agree with the spatial distribution of the values on the scoles. The functional scales required for the examples are

the
Ie. . glven as partial reproductions of the Inscriptions.
sca- The Theory of Slide Rule Computation
The principle of computation using the logarithmic slide rule consisis in converting the addition ond sublraction
Ik (which can be carried out mechanicolly) of sections of the rule into the two higher processes of calculation, by virtue
of the fact that these sections of rule rapresent the functional values in question on a logarithmic scale.
o We get the multiplication and division of the notural numbers, i the logarithms of the natural numbers are
osl- plotted on the two scales which are used In conjunction with ene another, Thus,
i logo 4+ loghb = logaxhb
log a —log b = loga-+b %
ohe The starting point and finishing point of the simple logarithmic scale is the number 1, because 1 Is © factar
the which has no effect on other numberz and log 1 = 0.
the The scoles with the logarithms of the natural numbers are the normal scales of the Slide Rule; these are the
principal tcales in relation to the other scoles.
the Powers and roots of the natural numbers are obtained it one of the scales is @ principal scale ond the other
is a scale of double logarithms of the natural numbers. Thus,
log (log o) + log n = log (n X log a) = log (log af),
3 L
5 log {log o) — log n = log {hl ¥ log @) = log (leg an),
ks ' The starting point ond finishing point of the double logarithmic scale is the bose of the logarithms, as their
1Y legarithm = 1 and the legarithm of 1 = L
of A reversal of the process of calculation gives the exponents:
of. ; log (log am} — log (log a) = leg (log ar--log a) = log n
nd i 1
n- log {log an) — log (log a) = log {log an = log @) = log y
on The exponents n and 1/n are also the logarithms 1o bose a of the antilogs an and an respectively.
25, Generolly speaking there is no need for any extension of the calculation
1 log (log o) + log (log b) = log (log g'®ab) = log (log bloga)
o1 It is sufficient il computations of this ond similar typescon be carried out on the Slide Rule by means of simple steps.
5
h = =
= — S ——
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On the other hand, in order 1o increase the possibillties of uslng the Slide Rule in mathematics, physics ond engi-
neering, It s important that the elementary functiens as well os certain other functions should be Included on the
Slide Rule and shown In relation lo the principal scoles. With the scales of functions f{X) and f(x) il is possible by
projecting them on to the principal scales or on to the scake of double legarithms te carry out all the higher mathe-
matical operations which correspond 1o the following relationships:

lag H{X) < log f(x) = log (f(X) * f{x)),
fog #{X) — log f{x) = log (KX) : f{x),
fog (leg 1(X)) + log t(x) = log (log 1{X)tx),
leg {log f{X)) — log f(x) = log (log f(X)1roa),

The relations between the scales of functions are alse of importance. By transferring from o scale fi(X) to a

scale (Y}, the function HX) 4y I8 found, becauvse the value ¥ is replaced by the function f(X).

The same opplies to transferring from @ scale #(x) 1o a scale y).

When transferring from o scole f(X) to o scale Hy). (X} still requires the factar which |5 shown opposite tha
end calibration ¥ = 1 on the principal scale.

A corresponding state of affairs obtains when transterring from a scale ifx} 10 a scale f(¥). The tacter far 1(x)
lles opposite y = 1 on Y.

By making use of the marks on the cursor It iz also possible 1o Introduce = factors when transferring in this way,

©On atcount of the co-ordination of the functional scales with the principal scales, they too are in legarithmic
form. Nevertheless, the general fael that they are logarithms is not shawn In the designations and the figures marked
on the scales, but for the sake of simplicity the antilogs are printed direc by the callbrations of the scales. The fact
thot we are dealing with a legarithmic slide rule is quite sufficient 10 remind vs of the true state of affgirs.

The functlons are included on the Slide Rule in continueus form. This means that they are easy 1o interpolate
but can only be set and read ofi with a limited degree of accuracy. If L is the length on the slide rule which is used
to represent the unit log @ = 1, then the length z of the legarithmic section of rule of size v is:

z =1 X logy.
When setling and reading errors amaount to the length A, the relative error of the principal scale y js:
ayly = Azl
it is therefore constant and independent of the functions f{x) which may have been transferred on to the scale ¥-

If L = (decade length of 200 mm) /fog 10 = 868.. mm and Moz o= LS00 = 047, mm, we get the relative error

on the principal scale y as 29w, ;

&
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2Mgi- . . — .
g it n multiplications or divisions follow cne anathar, the apparent error will grow 1o ¥n times gs mich, in ac-

the f
y By cordance with the Goussian low of errors, : :
the- The length z of the logarithmic section of rule of a function i(x) related 1o the principal scale is
z = L X log f(x).
If the setting and reading errors amount to a length A z, the relative error on the scale of functlons #{x) is
Ol = Aoz H{x)/Lx 11{x],
The errors expressed In "w are shown in the following table for when A 2/l = 1/500:
iyl y = 001 01 1 10 iy}
O a
% 2 2 ¥
Wx —2 —12 Wy
WVi'x —4 — Lyt
the Kx 4 4 v
V1= —002 —e | Y=
T T — | 002 1 ¥l + ¥yt
sin X 2403 e arc sin vy
tan = 199 1-27 arc wan y
ay. sinh x 199 141 D64 arc sinh y
mic . cosh x o 0-&7 arc cosh y
: tanh x 203 oo arc tanh y
ad e o 087 lag y
g leg = o02 0-2 2 20 oy
|
ate The Scales of the Mathema Slide Rule and their Relationship to one another.
ed The Principal Scales X and y and their reciprocals 1/y
4 The sections corresponding 1o a decade from 01 101 and from 1 to 10 etc. on a logarithmic scale of the natural
numbers repeat ene another exactly, because the logarithms only differ by the figure of the power of ten. One de-
cade section of the principal scales Y and y therefore already contains all possible numbers, if we disregard the
place values. Use is made of this In thot each calibration for o whole number power of ten is regarded as the start-
i ing or finishing calibration of the principal scale. This means that the slide must be ransposed in relation to the prin-

cipal scales from one position to the one which is congruent with i at the other end of the rule, so that the resull
of the computation will be brought within the convenlient range of the slide rule:
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The scale of 'y is g retrogressive principal scale according to the relationship log 'y = — log v.

Thiz scale makes it possible 1o cenvert o multiplication by a into a division by Yo and vice verse.

The relationships between the principal scales Y on the ene hond ond y and Yy on the other are those of muld-
plication and divisien,

As a rule, single computations are begun by moving the cursor, so that when the slide has been moved the
result will be given within the principal decade and so that in the case of longer expressions 1t is possible 1o con-
tinve the computation immediately.

In the case of tabular calcvlations it iz & good plan to set one end marking of the slide opposite to the con-
stant term on scale Y so thal it is pessible efther to multiply by varlable foctors by means of scale Yy or else 1o
divide by varioble divisors by means of scale Wy.

The setting of the numbers on the principal scales, which can be corried oul with the help eof the hair lines
on the cursor or in the cose of scoles Y and y by means of o terminal calibration of the ether scale, is effected without
regard 1o the paosition of the decimal peint within the sequence of digits. In the case of numbers such os 1234, the
dth -ligit can only be set by estimation. In the case of figures such as 8765 it Is hardly possible to give sufficlem
attention to the fourth digiu

A division such os 2468 : 8-745 = 2814 Is corried out by placing the hair line of the cursor en ¥ = 2448 and then
bringing y = 8765 on the slide undermneoth the hair line ef the cursor. The resull is found on scale Y opposite a ler-
minal calibrotion of scale y.

A multiplication such os 734 X 567 = 1317 % 10° is corried out by setting the hair line of the cursor on ¥ = 734
and then bringing Yy = 547 on the slide underneath fhe hair line of the cursor. The result is found en scale Y oppo-
site a terminal calibration of the slida,

The last places of simpler quotients ond products con be given exactly by consideration. With thess |t is
usual to estimale the scales Examples: 605:4 = 15125, 202 % 3 = 404

The position of the decimal polnat is found by o rough mental colculation or in cases which canne! be seen at a
glanca by estimating the powers of ten, Example:; 244300 — 0-0DE745 = opprox. 3 > 10°2= 2814 ¢ 10%

By alternating the use of the cursor and the slide it is possible to carry out continuous multiplication ond divi-
sion. When thiz is done, there is no need to read off any of the intermedicte results or to set the terminal callbra-

tion of the slide on te it If, for instance, the numbers are all foctors for multiplication, then scales 1y and y are used

alternately in conjunction with scale Y. In this woy, a x b X ¢ X d becomes a = L we-: El . It will be found that

3
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12 % 343 56 X 78 = 1782 % 107 In the case of expressions such as 2 it is found that —_ 122 __ — 0078,
bl e o B b T T TV T L
The following is a diagrammatic representation of how the possible combinations of the second stage of the
values a, b and ¢ can be compuled.

Ly c k b ¢ 1y
¥ b c b C ¥
¥ a ac/b a a/be a abc a ab/c Y

If one tactar of a product Is in the vicinity of 1 and is known 1o a very grea! degree of accuracy, at in the case
ol a lew inverse functions on the Mathema Slide Rule, increosed accurocy caon be obtained in the multiplicotion by
decomposing the factor into the figure 1 and the deviation frem this figure. Example: 0-7876 X 543 = (1 — [0-0124) X 543 =
543 — &73 = B34-27. By operaling in the other way, only the figure 535 Is obtained.

If o quotient obtgined from :u:r;urn!at'p' known terms isin the near vicinity of 1, or If the difference balween Yese

tarms is Known very exactly, this |s alse a case where decomposition Is profitable. Example: :g% = 1+ a% = 1-002178.

By operating according 1o the other method, only the figure 1:.002 Is obtoined.

QOpposite the Initial and terminal callbrations of scales ¥ and y will be found values which are reciprocals of one
another. This maokes |t possiblo to work out fractions as reclprocates, with the numerctor and denominator intercharn-
ged, so as to arrive at the results direct. This method is indicoted if o primary function related te scale Y is slwated
in the denominatar of a lactor. Example: 478 X cosec 307 =1/ (sin 309 = 478) = 1493, and In carrying out this compuia-
tion It Is not necessary 1o read off sin 309 = 0454 The result now appears on scale y, the hair line of the cursor
being ploced over sin 30" and 478 on the y scale of the slide being brought under the hair line.

By means of the /2 mark on the cursor it is possible to coenvert matric degrees ? of an angle into the circulor

measure In radians and vice versa. Thus
19 = 2200 rad = 001570794 rad,
1 rad = 00 = 63661087,
a = 5415917 = 63661784,
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By means of the 2x mark on the cursor it is possible 1o sot the circumference u from a given radius, as u = 2 a1,
On the principol scales, the facter 2x/10 corresponds 1o the distance belween the centre haoir line of the cursor and
the left-hand hoir line, Examples: v = 1234 mm X 2x = 7750 mm, which can be set both ot the left and right ends of
the ruvle, because the repeated parts of the scale are sufficient for this purpose; r = 4560 cms.-~2n = 72§ cms.

The linear interpolation of numerical values depends on the sufficiently accurate proportionality between the
differences In the arguments and the differences in the functional values in the cases in question. The Siide Rule can
convenlently be used for this purpose even when four-figure tebles are used. For repeaied interpolotions between the
smaller number a ond the larger number b, which are both only knewn with the gcouracy of the slide rule, ond the
difference between arguments d, the following method is suitable. Place d in the v scale opposite b—a on the ¥
scole, Then the number @ on the Y scale will be opposite @ number a on the vy scale and also the number b on scale
¥ will be opposite the number ¢ + d on scale y; the changes in the argument which can be seen on scale y, i.e. the
amaunis which vary from ¢ or from ¢ + d as the cese may be, give the relotive functional volues on scals Y and
vice versa. We get the lollowing scheme:

i W d c c+d Y
b-a a < b h

This may be proved by writing It out in full as follows:
¢ = adi{b—a)
c+ d = bdi{b—o) = adi(b—a} + d
The vaolue of ¢ can be rounded off without any oppreciable lll-effect, in order 1o simplily reading off the changes
in argument.
Example: a = 456; b = 78%; d = 1. It is found that ¢ = 2.7388, which can be approximated to 2-74. For the argu-
ment increase of 0-234 the functiona| value is 495, if the crguments Increase from o 1o b: otharwise the functional value Is 750.

The roots of the quadratic equation W oEx + B=1
con be obtained in real numbers from the cbscissoe of the points of intersection of the unit parabola
e
and the straight line g = i pK— b

It is sufficient to lay the edge of a ruler on the parobola and make an estimation, Il the solutions found are
improved by means of the Slide Rule.

10
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Enl. i Z For this purpose we put the equation we have just mentioned
s ; in slide rule form: ¥ o £= -
5 of X

ond we then sel one terminal callbration of the slide over b
tho B on scale ¥; by means of the hair line of the cursor §t is then
can I possible, working from scale Y, to find on scale YWy the value
Itha ' bix pertaining 10 any desired value of x. The sum of the two
the values should be —a, which musl be checkod.
o Y ? As the rools x; ond xs cbey Viela’s Low, gccording to which
ale Xy == Xg = < a
the bath the rools will be found on the slide rvle ol the same time.
nd C Example; x N 3 %y = 354 % = — D54,

X

It the stroight line y/2 does not intersect the parabola y, and
the roots are therefore conjugate complex, the following for-
mula, which is olso volid, is uvsed:
¥, ¥z = —af? + a4 —b.

The critarla of the co-ordinotes of the diagrom of the quadra-
4 tic unit parabola on the left may be vsed os numerations i It
it necessary 1o vary the scales of the co-ordinotes, When
doing this, care mus! be taken 1o see that the equation of the

i \ 9 quadratic unit parabola s maintained. If, for instance, the size
7 of the abscista iz doubled, the size of the ordingle must be
gn' quadrupled,
2 The principal scales are sullable for the use of Horner's Method
- * for the determination of the value of equations of the tollowing
type: bg = quXt 4+ 03X v QX2 + gyx + @
for a given value of % For this purpose, the coeflicients are
1 written In a series and the system [s completed step by step
Tie] Q% 5|'|I:|'-\I'I"|, WhE'I'I I‘J. = Oy bﬂ = O3 1 b*}{. bg = Qs + I:;x alc.
By repeated applicatlon itis found that €, = F{x)/1], d: = 1"{x}/21
=3 =2 =1 0 5 — 3 x et for the accepted value of x.
Quaodratic Unit Parobolo y = x* 11
J- =
o o o - — R
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oy ay Oz Qs =1

" 4 +byx +hs¥ +ba % +by %
/ By by by by bs = 1{x)/01
+Cy X +C3 X +C3 X =
Cy Cs o cy = {{x)11
Fdix  Adix
dy dy dy = 1{x}/2!

One of the terminal calibrations of the slide |s et on x on the scale ¥. The hair ine of the cursor is then setl
on b, ¢, and d, and the products are read off on scale Y. If, when doing this, one or the other factor should
require the transposition of the slide, the positlon of the slide |s left unchanged ond the multiplication is carried out
with the foctor In question either doubled or halved and the result Is then occordingly halved or doubled as the
case may be.

Example: Tha cublc aquation
A — 154x2 4+ 8245 x-— 1507 = 0
is ralioved of its quadratic term by Interting 16.4
il

W=y
3
This can be carried out with the help of Horner's Method by carrying It out in tweo stages with the figure _I..gj = 51333,

50 a3 to gel the coefficients of the reduced equation. The value 3 on scale ¥y is sel opposile 154 on scale Y without
the help of the cursor and we ge!l

1 —154 BZ-65 —160-7
1 —10-267 2995 30
+ 5133 —256-35 e

1 — 5133 340

As will be seen, continuing the method further would cause the second term to disappedar. The reduced equatign is:
w3 ¥ 34y + =0

12
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The Parabolic Scales |'X..Y?, {x..y? and their Reciprocals 1/)x.. 1/y%

In view ot the great importance of squares and square roots, the porabaolic scales and thedr reciprocals have
been included on the Mathemao 3Slide Rule with the same degree of completeness as the principal scoles, As

log ¥x = IF_?E

here too we have normol scales; the divisions on these scales, however, ore hall the size of these of the principal
scales. This means to say thal it is possible to mulliply and divide with them in just the same way as with the principal
scales and their reciprocals and this con be done entlrely without having to tronspese the slide, which is very con-
venient, for instance in the linear interpelation of labular volues. However, one has in this case to pul up with double
the relative error, If the root is not to be extracted from the product or quotient,

;::; As both the square roots and squares of the ordinary numerical series represent a parabola In diogrammatic
aut form, the porabolic scale Is o collective conception for the squore root and sgquare scale,
tha Two decades of the parabolic scale correspond 1o the decade of a principal scale. When extrocling square
roots, which con be done elther by means of the hair line of the cursor or ane of the terminal calibrations of the
slide, one must start from 1the lefi-hand or right-haond decade according 1o whether the number of digils preceding
the decimal point or the number of noughts following the decimal point s odd or even. Examples: 123 = 114;
V123 = I.507; yO01Z5 = D1109; yD123 = 0:3507.
It in compound expressions, besides the linear factors and divisors there occur only those in the square or under
the square roaot sign, the linecr terms can be colculated either by means of the parobolic scales or the principal scales.
333, In the following table the resulls are shown for the cose whare o value a is set on scale Y by means of the
aut b hair line of the cursor, @ value b on the respective scales of the slide |s brought under the hair line and the resulls
are read ofl opposite the terminal calibrations both on the stationary and movable principa!l and parabolic scales.
¥X at a?/ b® 1 Q= of X bt 1 o a'Xb 1 o* a'/b 1 i
J Ve b 1 bar | Bt 1 verb® | b 1 veth | b 1 bt ¥
e it 1 ot | bt bt 1 at bt b 1 ath Y 1 at/b By
By b 1 ab b 1 ab Vb 1 ayh Wb 1 al b Hy
is: W b 1 bla b 1 Vab e 1 Yayb b 1 vbia ¥
L] a ab 1 a ab 1 a avb 1 a alvb 1 Y

13
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The next lable corresponds 10 the preceding one, except that in thiz case a Iz on the V¥ scale.

X a alht 1 a ab? i a ab 1 a a’/b 1 Y
Vi bt 1 b¥a Wbt 1 fab? Wb 1 Yab b 1 b/a e
T bt a/b! b 1 ab® b 1 ab b 1 alb Iy
iy b 1 valb b 1 vab Ve yab Wb 1 valb My
¥ b 1 b/ va b i Ve b Yab 1 ' ab Vb 1 vbia ¥y
Y AII ¥a  yvalb 1 Fa  Vab 1 Ve  vab 1 Va  Valb 1 J ¥

The upper mark n/4 on the cursor, which counts fram the principal line = 1 [ike the upper mark a2, makes It
possible to set the area of a circle of glven diometer direct from a principal scale on 1o the corresponding parabelic

scale of, conversely, 1o se! the diameter of a eirele of given area, Examples: =/4 X 2345° = 432 % 104 V2545 X 4/n = 5455,

The cube and the square reotl of this and alse the cube root aond the square of this can be colculated by

means of the principal and parabolic scales In such a way that they appear on stationary normal scales ready for
Immediate continued calculation.

in the following representation of the farmation of the 3rd power it is immaterial on which decade of the reci-
procal parabolic scale the initial velue Is set. When compuling the square roots of these, however, the decade rules
for the extraction of square roots must be followed al ence when setting the initial figures, because these terms are

enclosed within brockets. Examples: 27 — 2.828; 20" — g9,

When forming the cube root, the foct is that it must be found tral and error, symbolised by o double line. The

values on scales !/yx.. Yy* and Y under the cursar must agree. When doing this it is immaterial which dacode of
the stationary parabolic scale is used for setting the initial figure, provided the approximate answer s estimoted first,

14
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so that it s possible 1o select the correct one from the three possible positions of the cursor. In the cose ol the
square fools, the correspending decade rules must be observed when setting the Initlal figures, because these terms
are anclosed in brockets.

Examples: 227 = 1.587; 2077 = 7.37; 2007 = 34.2,

g It
alie

rsi,

1_,:.:_ ﬂa | E hiﬂ i |] ,T,'.r
Vx 1 o' 1 T b ¥

Wi » . 5 i Bl b ify?
“fy 1 (") 1 (6" (Vb iy
y 1 (fa") 1 016 (V) v
¥ II & (@) 1 Vb b 1 II Y

Fourth powers ate set on the siationary parcbolic scole by means of one terminal colibration of the slide, if
the bose is marked on scole ¥ by means of the hair line of the cursor and the slide is moved so that the base on
scale 'y comes underneath the halr line. In this way the square of the base hos been squared in relation 1o the
stationary parabolic scala,

Fourth roots are obtalned withou! teial ond eror by extracting the square rool twice over, and when doing this
the relevant decads rules must be taken into account, Examples: 2’/ = 1.189; 20" = 2115; 200" = 3.760; 2000 = &.69.

The roots of the reduced cubic aquation
M-+ax+ b=10
are obtained in real values from the abscissoe of the points of intersection of the cubic unit parabola
Yi =%
ond the siraight line
y: = —ax — b

15
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Laying the edge of a ruler on the cubic parabola and making an estimate
Is sufficient, if the solutions so obioined are corrected by means of the tlide rule.

For this purpese the equation we have given Is converted into its slide rule form:
b

4 T==a

®
end one terminal callbration of the siide is set ogainst b on the scale Y. By
means of the hair line on the cursor one then obtains, starting from scale Y, the

volues of %’ on scale Yy pertaining to every desired value of x* on the fixed

parabolic scale,

v 2 v

"y by Y
y 1 ¥
"I"' b Xj 1"

The sum of the two valuses must equal —a, ond this hos to be ochieved by
trial and error. If one root %, is known, the olher two can be found fram

H
My, Ma == H:_li V_'ﬂ'_j%u
which is particulorly necessary, if these are complex conjugated. If two roots
of the equation are known, the third is obtoined from Vieta's Law, by complating
the sum of the reots to the negotive coeflicient of the second highest term of
the equation, in this case therefore to zero.
Example: x3 + 386x + 3 = 0; xy = — 0:726; %, x3 = D363 + 21
The meosurement coellicients of the co-ordinates In the adjacent diagram
of the cubic unlt parabola con be used -as numerations, il it is necessary 1o
change the scaoles of the co-ordinates. When doing this it must be bome In
mind that the equation of the cubic unit parabola must be maintained. This
means that if the measurements of the abscissae are, say, doubled, the measure-
ments of the ordinates must be multiplled by eight.
Cubic Unlt Parobolg vy = 3
1&

| =g

i
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In the quadratic interpolation of a function, the curve of the function is reploced by o parabola. Let the values
of the function y = f(x} be known for equal Intervals between the arguments, and let us either look for the ordinote

The point yo + Ay = f(x0 + Ax) should now rest with o reasonable degree of accuracy on the subsiitute porabola;

vo = Ay for the abscissa xo + Ax < ¥ or else let vs look for the abscisso xp + Ax for the ordinate g + Sy %
o

the volue desired can then be determined by direct or inverse interpolotion.
The more accurate extraction of the square root from the number ¢ is best carfled out in the form
+Ve=+Va' TR =atx
as x can be determined by means of the slide rule In accordance with the following requirement:

R
Zatx) ™~
This process can aoiso be applied after several stages
of computation to extract the exact root.

as 956 =-(700 + 1-343) = 1-343.
V159876 = 160000—124 = 400—0-155 = 399845,
as 124 - (800—0-155) = D-155.

> The substitule parabola must pass through both points
¥, Yo and %, vi. For the sake of simplicity its axis should be
parallel to the ordinote axis. A svitable rule o act as a fur-
ther condition for the parabolo is that the ordinates of the
substiiute parabola should be the arithmetical mean of the
ordinotes of parobola 1 through the poinl 4, ¥, and para-
bola 2 through the point Xz, va

% i) al | b,

Quadratic Interpolation.

If the linear Interpolated term is L and the quadratic Interpolated term is Q, then by definition

ra Fad

Ay =T
and L = y; — yo — Q.

For the Inverse Interpolalion we get

x ).D

Xy =Kj

g (V1 + 4 AyQIlT — 1) (e—ne) L2Q.

17
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| If the roo! expression is in the vicinity of 1 ond can no longer be calculated with the Pythogorean scales, we
| find with the short, form k = A yQILE,
that A ow (1—k + 2KE — 5k + 14k — 42k% 4 132k — 429k7 + 1430k —. -k L) (a—x) A ¥l

Qy of parabola 1 Is found as follows:

Yo— ¥ = L + Oy

Yi— ¥ =il + &y

Qi = (ya— Ive + n)+12
In an analegous manner we find G of parcbele 7 10 be

Qe = (yo— 2y + val 52

From which we get Q = ({ys— Vi) — (yo=—V¥=1)) + &

or, expressed In words: the quadratic interpolated term is one-quarter of the difference between the tabular difference
following the Interval in question and the tabular difference preceding it.

The substitute porabola is coincidem with the curve given f this is @ parabola of the type y = x% here L= 2x
and @ = 1 when the interval of the argument is 1, os will be seen iImmediately from the equation (x+1)* = x*+ix + 1.
On the other hand, the substitute parabala does nol agree with the parabela y = ¥'x. This means that before drawing
up a table of numbers one must test by prior quadrotic interpolation to see which of the two varlables is independen
and permnits of the greater accuracy, if there is any question of choesing between them. Very often Il is advisable

lo set up one of the variables in the form of the reciprocal.

Example 1. Let us assume thal y = &%, where x = 230 with intervals of 001, It is desired 10 find ¥ when x ~ 2-315
and x when y = 1012,

If we set this up os follows:

| 5 ¥ tabular diff. (&) L
I 230 9574 182
| 0100 243
, 231 10074 425
. D101 247 0000 504 0-100 743
! 732 10175 474
' 0102 248
.33 10-277 942

' we get et¥s = 10074 425 + 0050 371 + 0000 127 = 10124923, which oagrees with the true value. Generally

|
| ®
1l
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¥

speaaking, one sois on scale ¥, and then the linear part of /A vy is read ofi with L on the scole y and the quo-

e Xy —X
i dratic part of A y with the slide In the same position and Q on scole ¥x..¥"
, When y = 1012, then k = 0:002 272Z and x = 2514 514, which agrees with the true value.
Example 2. Given y = log x when x = 100 with intervals of 01, find y when x = 1015 and x when y = 2317,
l If we set this vp as follows: .
! X ¥ tabular diff, Q L
100 2-302 585
0-00% 750
101 2:312 535
- D-00% B3 —{:000 0485 0009 9015
10:2 2-517 388
0-00% 754
Fl';" 103 2337 144 |
: we get log 10413 = 2317 535 + 0-004 951 — 0:000 012 = 2.317 474, which agrees with the true value.
]m-i Il y = 2317, k will = —0-002 2088 and x will = 70145 194, in which the lost figure is 1 100 laorge. Both examples
ETE I of inverse Interpolotion have been computed on the calculating machine, in order to demonsirate the accuracy of the
| quadtatic interpolation in the cases in question. It must be acknowledged, however, that the Slide Rule can olso prove
115 o very useful gid In subsidiary calculations even when using methods which are more occurale in other respeacts.
The Pythagorean Scales Vi-X:.. V4-¥% and VX241 .. Vi+¥?
r The two Pylhagorean Scales Include In conjunction with the main scale a graphical representation of the ratlos
T ' of the sides of right-angled unit triangles.

L The circulor seale y1—X2, . F1—Y" In conjunction with the main scale for ane co-ordinate of the unit circle gives
the ather co-ordinate and therefore the cosine for the sine of the corresponding ongle, and vice verso. The co-ordinoles
of the unit circle are the sides of right unit triangles having a hypotenuse = 1, Le. of hypotenuse unit triangles.

The hyperbelic seale ¥*—1.. 1T+ ¥® in conjunction with the main scole for one co-ordinate of the unit hyper-
bola glves the other co-ordinate and therefore the secan! for the tangent of the corresponding angle, and vice versa
|

The co-ordinates of the unit hyperbola are one side and the hypotenuse of unit right triangles with the other side = 1,
ally e, of other side unll right triangles.

17
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As the Pythogoreon scales and also the scales of transcendental functions must be broken off on one or both
sides, extreme ratios cannot be calculated by means of the Slide Rule in o direot way. In these coses use Is made of
the approximation formulae obloined from the corresponding infinite series. When the values of x are small, a linear
ot quadratic relation between the independent and dependent variables Is usually sufficient.

In many cases the section which is required of the slide when it hos boen moved extends over the section of
Pythagerean (and even other) scales coupled with It In such cases ft Is usually possible to get the desired result by
first doubling or halving the given trlangle and then halving or doubling the results as the case may be.

The following table shows the mutual relatienship between the Pythagoreen scoles and the main scales when the
slide is In Its basic position, If the initial flgure set on one of the scales is regarded as being z. The value of these
relationships lies not anly In thelr direct utllisobility, but even more in the high degree of accuracy of The results.

Vxi—1 Vi—e Vit Vit Vit z Visy:
V= 1—zt 1fz* Y1 1 =] ¥
Ve =2 o z 'z f(z2=1) 'yt
1y ) Fe g z Vz l.rlf? J] o "y
Vicx ; Vimi ViUz Viez Vi—z Vi—v

The Trigonometric and Arc-frigonometric scales sin X°.. arc sin Y and X°.. arc tan Y.

The trigonometric and arc-trigonometric scales taken In conjunction with the principal scale contain the trigono-
metiic functions which appear direct on the right-angled unit triongles.

20
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31h — 1- 509 arelan v On the slide rule trigonometric functions are preferred
i secl x & Vay? to angles becouse the funclions can be projected on 1o the
principal scole for the purpose of further computation, whilst
the angles themselves can only be read of, This iz justified
o . ¥ in the fact that ongles are not ofton required, but more fre-
by T | “‘“i" : 'EI (i-y2 quently we require to know the results of certaln ongles. The
ain x = ! | 1009 arcsiny  same also applies 1o the argument of the hyperbolic functions.

|

i

|

xi=1

rar cosoct X collx T

| "y o=
' g 0 e yinlx. Ponlx i

he | Whereas In mathematics radian measure is the natural

B argument for angles, the metric degree or the right angle is

the most sultable arnificial argument for computations. The
' natural argument of the trigonometric and hyperbelic funciions
i Is often supplied with the factor a7, Zx or a so that the right
r ! angle or o whole multiple is obtained when the = faclor is
| removed, In the Mathema Slide Rule, therefore, the divisions
’T for the sald functions are shown in metric degress.
|

The scale sin X9. . x are sin ¥  [abbreviated as

-—
1}

iin =

8gin Y, is closely bound up with the circular scale. As a result
of the common ptincipal scale, ¥ = pP1—X' = sin X%, From
this we gel J1—Y? = cos X% and the fact that the hair line
on the cursor shows a setl of three values for the two sides of
the hypotenuse unit triengle and the relotive angle.

il efrele

The side a of any right-angled trlangle hoving a hype-

Right-angled triongles in the unit clrcle and tenuse c and the other side b is found fmm__

on the unit hyperbola, with equal angles. a=ye—Bm =¢ ];"ri . {.!’_}:
The scales In the diogrom hove not been c
rendered logarithmic,

Jl+8

e
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On the Mathema Slide Rule we produce the relationship between the sides of the given triangle and the sides
of the hypotenuse unit triengle in accordance with the second of these equations. For this purpose, c on scole y is
set opposite the terminal colibration 1 of scale ¥, of If necessary opposite colibration D41. By setting the hoir line

of the cursar en b on scole y it will give us !: on scole ¥, and In addition yi—b/c}* on the circular scale and the

angle p on the sin...arc sin scale. By tronsterring the amouni Vi—{bic)* from the circular scale on to scale Y using
the halr line of the cursor, we find the required side Vei—b on scale y without altering the position of the slide and
we find the angle e on the sin. . arc sin scale. The process of computation 1s shown step by step in the following diagrom:

y c b Vei—bt y

¥ i bje Vi-(blc)? Y
Vi—xe 0 Vi—{bjep 4 Vioys
sin X9 100 2 it sin Y

Examples: © = 678; b = 456 a = 502, 0 = 5309; | sin vers 409 =1 — cos 409 = 0,1910
15 & 1375 758 sam 409 = {1 — cos 409 )/2 =sin" 209 = 0,0955
15 15 14925 956 |
Expressions |lke yd*—c'—b* con be worked out by repeating the process of colculation,
Exomples: VPBI" 4543118 = &66.
The hypetenuse ¢ of any right-angled iriongle having other sides a and b caon be found fram:

c = }-’&FJ—J:}*-:&V1+{£':'.
&
Let a be greater than b, On the Mathema Scale we produce the relationship between the sides of the given

riangle and the sides of the "other side’ unit triangle on the basis of the second of these equations. For this purpoase,
we sot o on scale y opposite the terminal calibration 1.of scale Y, or if necessary opposite callbration 0-1. If the hair

line of the cursor fs now ploced over b on scale y it will also give us b on ¥, and In additen 1 + (bfa)* en the
=

hyperbolle scale and the ongle {i on the ton..arc ton scale. By transferring the amount ¥1 + (blaj® from the hyper-
bolic scale on 1o scale ¥ wsing the hair line of cursor, we find the desired hypotenuse ya* + b* on scale y without
altering the position of the slide. This process ol compulation is shown step by step In the following diggram:
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dalns ban X9 50 B “an ¥
y is e _ S =
line Vxi—1 V2 F1-+{bja)* Vi+y?
the W a = b lﬂ_’+ E' ) W
sing Y Ii 1 lafa V1 (bla)t ¥
and
ey Examples: a = &78; b = 454; ¢ = 817, p = 3779

15 & 1616 P43

15 15 15075 &30

Expressions llke ya® + BY + ¢ con be worked ocutl by repeating the process of computation,

Example: y987F - 654 + 311F = 1227,

Since the same position of the cursor gives both sin %Y and cos X9, it Is possible to pass from ane of these values
to the other occording to the expressions cos orc sin Y ond sin arc cos ¥ without first hoving to determine the
angle. In addition either of the two velues, [{ greater than 17 can be obtained more exactly on the circular scale
than on the principal scale, by setting sin %% = cos (100-X% ) or cos X9 = sin (100-X9)

Since the same position of the cursor gives both tan X% and sec X%, |t is possible to poss from one of these

]' values to the other according 1o the expressions sec arc fan Y and tan arc sec Y without first having to determine

| the angle. In addition sec X® can be obiained with greater accuracy on the hyperbolic scale than from cos X7 on
scale y,

¥ Tlfa relations between the trigonometric functions for single, double and halved angles and the algebroic func-

tions dérived fram them are shown in lobular form an page 29 together with the anologous relotions between the

[

- hyperbollec functions.
ose, " =
hair The Basic Exponential Functions e- X’and eX and the inverse logarithmic functions [-log Y)? and log Y
e The basic function e=X" is represented on the logarithmic slide sule by a uniformly divided scole. It is therelore
::J; sultable for any desired extension of the range. The stages of the ex’ scole belonging to the various decades of the
principal scale only differ by whole mulliples of E?D log 10 as an additive constant.

23
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m 20z X nin 10 n 200-+=a X nin 10 n_ 200-+s X nin 10
1 144587 119% 4 584:348 4747 7 10274109 B347
7 293174 2389 5 732935 5959 8 1172:696 9539
3 439761 3579 & 879522 7159 ¥ 1319284 0719

In order to make the odditive constant, at least for the first 7 stoges, a round figure sultable for mental calcu-
lation, namely to 1407, the cursor of the Mathema Slide Rule Is provided with marks which have been displaced by

a corresponding amount. The edge of the cursor is correspondingly labelled on the top narrow edge.

The number of places of decimals in the result ¥ within the fange of the principal decade of scale Y is deter-
mined from the fact that the number of noughts after the decimal point.must be equal to the factor of the additive

constants. Accordingly, the number of places of decimals of the resull of e TAT within the range of the principal decade
of the Yy scale In the basic position must be equal 1o the foctor of the additive constanis.

Examples:
e b . B-'m = 0.208 = 1/4.81.
et . u_mn-g | E.u.n'ilnmﬂ = 0807 % 100 = Y(1.239 ¥ 10%.
20000 __ Eqmquﬂ +azm763e8 4 9028540 __ q0i043 e 403

T ) S
1742

ﬁiﬂh — g = q - B = =

Dianh 095996 = —200 =5 % log V{1—0:59994) -=(1+0.99996) = 344.59.
v @@ % gy 409 o 0.4285. Set @™ on scale y opposite 1 on scale Y.
L &9 gin 409 = 0,805, Set 1 on scale y underneath &~ )

amp 609 =2 Man &% _ 1009 = 52.7%, The cursor line on e* nives 7635 when read in reverse on the tan X4 scale.

The scale for the basic function e® differs from the reverse scale for the function e-%" in that It Increases from
left 1o right in the basic stage and In the higher stages, by the carreciness of the number of places of decimals in the
preliminary stage and by the orgument being expressed in natural numbers.

As the exponantial and legarithmic functions are of equal importance, the Mathema Slide Rule is provided with

both the function e* . . log ¥ and also the function log X.. el As g result of this it Is always possible to corfry out the
calculations direct, Neverthaless, It must be bome in mind that fthe reading accuracy diliers os between the basic
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and inverse functions. As the exponent increcses, the reading occuracy of the basic exponential function e’ gets
greater, whilst that of the inverse exponential function e! decreases. The two degrees of reading occuracy reach o
balance with exponent 1 and the result @ = 2718281628459 = %/0-3678794412. The same applies to the reading occuracy
in the case of the legarithms,

The additive constant for the dilferent stoges of the e’ scale is o whole number multiple of log 10 = M =
7302585093 = 1/0-434274481.

n n log 10 n n leg 10 n n log 10

1 2-30258509% 4 7-210340372 7 14118095551
2 4-605170186 5 11-512925465 B 18-420630744
3 4907755279 & 13-815510558 ? 20-T25265837

In order 1o being the odditive constant for several stages to the figure 2-2, the cursor of the Mathema Slide Rule
is provided with disploced marks for this purpose. The edge of the cursor on the nartow side Is labelled accardingly.

The preliminary stage of the eh scale is given on the Y scale with the right number of ploces of decimals if the
matk on the curser shows ¥—2.2. The preliminary stage Is shown with the right number of places of decimals on the
Wy scale In its bosic position 11 the mark on the cursor shows 2:2—X, In both cases, the resultont serles of figures en
the eX scale Is to be read in reverse. With the preliminary stage we determine in the main the logarithms of the
Pythagorean, trigonometric and hyperbolic functions.

Exomples:

log ¥1 —083 1616— 22 = —0-584 log Y104 — 1 = —1-253
log cos 408 = —0-212. leg lan 309 = —0-474
log sec 40% = 0212, leg tan 70U = 0474
log sinh 408 = —0-400 log cosh 40Y = 01857

The number of places of decimals in the result of e within the range of the principal decade of scale ¥ Is, as
in the preliminary stage, equal to the facter of the additive constant increased by 1.

Examples:
ot = 7.3% = 104353 pite = giBIOM 4 Work tomm = 2488 X 109 = Y0372 X 10—},
gt = att+ 1 = 546 = YOD1832 at sinh 046 = log (04 + ¥1 + 04%) = log 17662 = 0-569.
it = giFMe LN = E27 w100 = 1/{0-306 X 10-%). ar tanh 04 = log V{1 + 04) = (1 —0-5) = D673
25
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The basic logarithmic functions * log X and the inverse exponential functions e'Y

For basic logarithmic functions and inverse exponential functions the Mathema Slide Rule hes two thrae-stage
groups of scoles, ¥ = + log X for positive and negative logarithms, etV for direct and reciprocal powers of e.

With the |logarithmic scales we get net only the natural logarithms an scale Y but also logarithms to any desired
base o. For this purpose, we place one terminal calibration of the slide cpposite the figure a on the logarithmic scale,

as we must have: ‘loga = 1.
The logarithms to base a ditter from the notural logarithms by @ constant tactor, the modulus
M, = Ylog a.
Of porticular imporionce is the modulus of the decadic or Brigg's logarithms M = (4343,
Examples: "log 2 = Ig 2 = 0301 Ilg 10% = u.

Bringing @ number a to the power of m with the oid of the slide rle con be explained as forming m leg o on
scale ¥ and forming the antlleg of this on tcale el according 1o the relationship
log.a™ = m log o.
Instead of this, however, it is also possible 1o determine the antilog of m x ®log a starting from scale y. That
this |z the rule iz oppaorent from the fact thot In this case scale Y is not required at all and neither leg a ner m log a
is read off.
For evolution, the above applies but with V/n = m.

The following operations are set oul in such a way that it is not necessary to inseri the slide.

—in X iia g™ g’ —lr X ia yal'm ‘¥
ll'l'i' m 1 :.II.#. Ji“" I.II i 1 ..|I'l|"
y Hm 1 ¥ y n 1 3

In X a am g’ In X a a'in a
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Dge

redl
ale,

That
g a

Examples: 105" = 2.453; V2= 11488;
095" — 0.3585; V0.5 = 0.8705;

234547 = 10t X MR IBIME hen v = &7 over log 10)

= 10998 =3.80 x 10%;

log (246 > 10%) = lag 248 + B log 10 = 5505 + 18-421

= 15916;
g% = (et = 1810° = 327 ¥ 10%
o' _ 1.800; Result obtained with only ane seiling

of the cursor:

(log 10)° = 5.30; Resull cbtained with only one seifing
of tha cursar;

lag {leg 10) = 0.835; Result oblained with only one selfing
of the cursor;
The two groups of the logaorithmic scales show num-
bers which are reciprocals of ona another. The values given
for @ > X > Ye are more occurately read off than on scale

¢ and scale Yy and this s more so the nearer the numbers

are to 1.
Exnmplé: 11901234 = 0-YETET.

The Hyperbelic Functions and their inversions

The scales of the hyperbolic functions are given on
the back of the slide. As in the case of the other scales on
the slide and as the variables are again indicated by x
and y, the numbers reler to scele y. Passing between the
hyperbolic scaoles and scale y iz carrled oul on the ane
hand by meons of the hair lines on the windows and on
the ather hand by the terminal calibration of scale Y.

in the same range one gets X! and X absolutely
accurately by means of the marks s and 4a

yx2-1.0 Y ok x (lays
Wy |eo r:uﬂ_n 1 cossehix  soch|x iy

y 0 tanh] » 1 sinhlx  eeshix .
T=xal) sachl 1] T-y?

eosh x sinh x 1*— —\lj

Hyperbalic funcliens,
The scales of this diagram are not logarithmic.
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Examples: sinh 04 x/2 = sinh 409 = 1.088; cash 05 a2 = cosh 509 = 1-325;
tanh 04 nf2 = tanh 409 = 0.557; 200 : x X ar sinh 2 = 9sinh 2. =929}
Ysinh 02 = 124659; log cosh 50% = log 135 = 0-2815.

As cosh x = 1 + sinh®x, we can find the values of cosh x for small argumenis with the aid of the sinh basic

stage scole and the hyperbolic scale 1 + Y more accurately than If we use the cosh scale.
In @ similar way, sech x = |1 — tanh®x Is obtained with greoter accurocy for small values of ¥ If we use the
circular scale 1 — Y2,
Examples: cosh 109 = 1.0124; sech 109 = D.9878;
Scosh 10246 = 14.07; Peach 0975 — 14.49,
Accordingly, the relaotlonship cosh x = ‘/sech x could be uvsed for the purpose of converting numbers In the

vicinity of 1 inte reciprocal numbers. Nevertheless, in spite of greater simplicity, the use of the logarithmic scales +
log X gives more accurate resulis

When calculating compound expressions with hyperbolic functions we start with selting the hyperbolic function.

Examples: sin 0% x sinh 609 = 0887 = ¥/1-135. One setting of the slide and one setting of the curser.
sin 609 = sinh 809 = 0.743 = 1/1:345, sinh x on scale ¥ Is brought undemeath the hair line of the cur-
sor which has been set on sin x, and the result is read off on scale ¥ or vy.
Sinh ¥ and cosh x¥ can be determined with the help of the g ¢cale, if the terminal colibration of the slidea is
sel opposite 05 on scale Y, The cursor then shows the values of 05 &*° on scale Uy and the values of @™ an scale Y,

Whaen X > 224%,05%% is s0 small that 1his amaunt can generally be neglected. In this way we oblain the comtinuation
of the sinh and cosh scales of the reverse side of the slide. For expressions compounded In this way the following
applies:

in order to calculate f{x) X sinh x or "/{l(x) > sinh x), ploce 05 on scale y undermeath the cursar line which has

-x 9

previously been sel on @™~ and read off the answer on scale y or \y opposite 1(x) on scale Y.

Example: sin 3309 X sinh 3309 = —794 = 1001259,

18
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In erder 1o calculate f{x)--sinh x or sinh x—{(x), e an scale y Is brought over 05 on scale Y without displacing
the cursor ol first, ond then read off the result in scale vy or Yy ocpposite f(x) on scale Y.

Exomple:

sin 2607 - sinh 2609 =— —D0I725 = —U347,

The relations between the hyperbolic functions with single, double and half arguments and the algebraic func-
tiens 1o be obtalned from these are shown below In table form together with the cornesponding relations between

the trigonometric functions,

Rolations belween tha

trigenametric

hyperbolic

functions
with single, double and hali arguments

sin
sinh ¢

=

cosh =

tan 9
fanh %

sin 219
sinh 2¢

cos 1%
cosh 2%

tan Ig
tanh 2

z Y154
| + = x
e ¥4+ 427 F
21 5 & nf+1 3
1 2t -
22Vl F 2° 2eY+ 1 & 2°
1 F 22 7rf — |

WYiRs — 1

i - 2

I
“-

=0

1+ F1 X2

T
— ="+ %

z
xe

Y 1ge T+ 1

V2t 31

F1EY¥ + 2
2
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The top signs in the above formuloe belong 1o the trigonometrle funclions and the bottom signs baleng lo the
hyperbolic funclions.

The given lunctions of 2z for single, double and half arguments are obtained if the value of the Initial functinn
for the simple argument of the same column is equal to 2, 7 can arlgingte fram a compound expression [ike a/b or ¥ a/b.

The relation of a function with @ single, double or half argument to ihe Initial function In the some column with
a single argument is obloined by replacing z by the inlifal funclion. The expressions can be simplified in a very easy
manner |f stress |s only loid on the double of halt argument as the initlal value, and nol on certain inltial functlons of

these argumenis.

An Imporiant exomple of the use of the obove relalionship is the goniometric selution of quadratic eguations.
1. %t + Zax —b* = 0.
Sot bj/a = lon 2 poand find %, = * b lan g, ¥ = + b ocol g

7. %t = Zaox -+ bf = 0, when b < a
Sot bia = sin 2 ¢ and find % = + Btan @, x= = & b col g

Examples:  xF + 234x — 5670 = 0; % = 2215 xz = — 1563
& 4 T3dx & BETO = 0; ¥y = — 2745 xa - — Z0&S5.

Trigonometrical Caleulations for 350°.
The CASTELL 2/84 MATHEMA llkewise enables problems of the above lype to be solved. All that is necessary Is

1o first convert the angle-values, by means of the two basic scales. For this purpese, the 1 {= 1009) on Scole y Is
placed over the ¥ {= 0% on Scale Y. With the value obtained on vy, the calculations: can then be continued in the

customary manner.
Examples: 187 = 209, 334" = 26d 570 = 63334

30
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the
Corrections of Printers’ Errors.

ian Page 11, Line & from the 10p: x; — %3 1o read %, -+ %..

a/b. Page 17: The fitst 5 lines 1o chonge places with the subzequent 10 lines.
- Page 27: The last two lines belong 10 the end of the preceding chapter.
asy

The "Mathema Rule” (new design) has a scale ax'. « =+ %ln Y, running to the right.
The details given on pp, 23 ond 24 in the Maothema Leaflet, concerning the scale {running In the reverse direction) for
. the exponential Heaviside function, with the arguments in ,new degrees”, apply here likewlse (mutalls mutandis).

ons. The introduction of the new cursar enables us to dispense with the rules given on pages 24 and 25 for the number of

digits in the resulls, since the cursor glves the power of len as factlors of Y, which belongs to the individval additive
constants of X

: of

| The possibillty discussed an p. 28 of composing sinh x¥ and cosh x? from the values of 05 et=9 using the scale

| eX% . ... %n Y, can be easlly carried out If the slide is left in its basic position. In larger arguments the member 05 a™*9
Is usually to be lelt out of account, so thol we may say thet sinh ¥ = cosh x%= 05 &9 | thus obtaining the continua-
tion of the sinh ond cosh scales provided on the badk of the siide. For the terms composed with 05 e*? the following
opplies:

To calculate Hx) + 05 e*¥ or 05 @9 = { (x), y (= 2) is placed undemeath the cursor-mark set to X7 and the read-
ing is token, above ¥ = | (X), on the y scale or the 1/y scale, os the cose may be.

Example: sin 2607 = 05 @™V = —00725 = — 17387,

iy s
5 To calculate 05 e | (x) or 1/05 e f (x), we first of all place y = oX¥ (leaving the position of the cursor for the
nthl moment unaliered) above Y = 2, then loking the reading above Y = f [x) on the y scale or the 1/y scale as the

case may be.

e ——l— e

Example: 05 e¥%9 4in 3309 = — 794 = — 1/0:0125%. (The exponent? means® or “dogree”)
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