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The paper describes constructionalya‘eﬁa’i:li oié a (; o \
of the forms : :

iroular iomogram designéd for solving equations
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. Nomogrami— is an easily understood graphioalaid which provides convenient means

el

of solving equations. For technologists it is a very useful tool because it helps avoiding
repeated calculations. and facilitates rapid computations. A very interesting nomogram
was introduced by Whittaker for solving the quadratic equation!. He had constructed
the three scales with two along two lines at right angles and the third along the semi-
circle having one of the straight scales as diameter. It is an instance marked by the
absence of parallel scales. The use of curves! in a nomogram is trased to the works of
D’ Ocagne (1884). PR '
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o’ has been designed mth’is “paper

« A new alignment chart termed ‘circular nomogra
- for solving equations of the form: =7 -

| TA@ @ =tEaw (1)
" Aros of the same dircle are used for all the four scales and an eleég.ﬁt method of constiug-
tion has been developed. A special slide rule has been designed for a4 multiple circular

* nomogram for solving a number of equations of the type (1). Also a generalised circular -
nomogram has been designed for solving equations of the form ‘
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CIRCULAR NOMOGRAM

Bhethod of  Construction

Coﬁsider the equation‘ . - .
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Construct the scale eguationss c

where
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Draw & circle of convenient radius, Let O be the centre and AB, a diameter. ,_Mark

on the circle the points P, Q on one side of AB and 8, T on the other such that

L AOP = &, £ BOQ = §,  BOS — y and £ 40T =

s S ve A - n e e

REFERENCE

s 9 0r91% \o@
T

“+ " “Fig, 1—Circular pomogram,
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Now '\gr”a;dliahé the scales ja,\q, s and ¢ on

o_ the circle'using the scalé equations. (3)4o (6),

respectively. Choose the scale? moduli my,
g, m,and m,such that they satisfy (7) and
that each scale is restricted to one quadrant
of the circle, This restriction can be
relaxed if greater acouracy is required.

. __ METHOD OF SOLUTION

Given a:n}; three of the variablés, 88y

' p, g and s, to find the fourth one, ¢, we join

graduations p and s by a straight line and

. from’q draw the straight line through the

point of intersection. of the line (p, ). with
the refererice? line AB (Fig. 1) to meet the
{-scale at the graduation which indicates
the desired solution; -~ -~ - --
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Proof——Let the line j ]ommg the gmduatmns p and s a.nd the hne ]ommg q and ¢
\Jntersect on the reference lme AB at X’ L ‘

It is easy to proye\that
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- It follows that B
@« . B ! y'f . i ~ - !
tan 5 tan_—z— = tan 5 tan 5 (8)

- From ( ) the scale equatlons (3) to (6) and the modulus relatron (7), ‘we have
e b @=L . O

Corollary 1—TFor solving equations of the form -
| $(0)=1(). ),
we set ¢ (g) = 1. Here the g—scale degenerates into a fixed point.

Gorollary 2—If (1) is modlﬁed to the form

= ‘l’ (P) =4 (a) . 2.:(3) B (t)
the scale equa.tlon (4) cha,nges to-
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_ lllustmtive Emam‘ple
Constmct a cu'cular nomogra;m for solvmg the equation i (_Z?_)iP where

prangesfrom05t010 qfrom075t010 s from 0+5 tol- 0a.ndtfrom075
iﬂtolﬂ ~ : : e

\

L Choose moduh M= mq = m == gy = 1. This chome facﬂzttates restriction of the
: seales to halfa. quadra.nt -each and thereby reduces the width of the chart (Fig. 1)..

v leenp = 083, q—' O 92and s =0-74, thecha.rtreads t = 0-975,
Speoml Slide Rule for 6 Mulmple Ciroular Nomogmm

i

A model of a special slide rule desugned for solvmg & number of equatlonsof the t
(1) is llustrated in ;G'lg 2. It congists ofa thm transparent eircular celluloid dise with g
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number of concentric grooves. The four scales for each relation of the type (1) are Gons-
tructed along the inner edge of a groove. Two fine, slightly stretched, elastic strings
(see @, Fig. 2) have their ends fixed at the edge of the disc such that they lie just beneath
the disc along two perpendicular diameters which are equally inclined to the reference
line AB. The strings can be fixed along any two chords of the nomogram of our choice
by means of four tiny smooth forks (rounded) which can slide along the groove around
the nomogram, one for each scale, and can be clamped from below (see y, Fig. 2). We
obtain a solution when the chords interséct on the reference line.

GENERALISED CIRCULAR NOMOGRAM °
We now generalise the above method for solving equations of the form.. -

I ; Pilx) = 1_71 $iy) ’ L ©)
Define {; @') by the recﬁrrg‘nde relation
L)« biga@ire) = LitaGiarn) « b1y, =123 ... (n—2),
with - |
8y (20, ¢ (91) = 1 (1) b5 (o)

and

Lo -1 Cae1) = P (%)

o PR L Fig. 3—Generalised ciroul howi
i 9—Soeoial slid _ ‘ g. 3 neralised circular nomogram showing
Fig Jignftl)sér :n;,.e rule for»a m"-lthI‘_3 circular projection of z; ‘from the first. éircle to -

‘the second circle,
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Method of Construction T

Construet scile ‘equations

o tan% =5 ¢@(wz) L =12
B R
tan—«—-— = m,x/:@(y;) 1=1,2 ... m,
and : tan—’;’- =k Llz), =12 ... (n—1),
where the scale modulil;, m; ; k; are governed by the relation
Live . bi=mipy. ki1, ¢=12,...(n—2)
with . i kﬂ —_1 = My,

Construct the scales 2, @i 5, % 11, %i+1 00 & circular nomogram, Repeat, this
in succession for ¢ =0, 1,2, ......... » (n — 2) with the scale z; = x, on concentric
circles. It has to be noted that each of the scales z; , e = 1,2, .......... , (n— 2) has .

" to appear on two of the (n — 1) circular nomograms. This can be done by projecting
from the centre the scale z; on the ¢ th nomogram on to the (¢ -+ 1)th circle. The pro-

jection of z; from the first clrcle to the second cirele is 111ustrated in Fig. 3. The number
of circles used by admitting adjacent scales, one on each side of an arc can be reduced
considerably.

It may be noted that the number of variablesin (9)is even. When it is odd say,
(21— 1), we set ,(y,) = 1L ¢

ADVANTAGES

The circular nomogram has the following advantages :
(¢) All the four scales are constructed on the same circle.
(#¢) The usual logarithmic scales are completely eliminated.

(#93) Only slight modifications are necesséry in the circular nomogram when the
form of the equation is changed from multiplication to division (vide cor. 2),
by virtue of the reciprocal relation between the tangent and the
cotangent.

(#) The circular nomogra.m is a convenient choice for sma,ll ranges of the variables.

(v) By the method of radial projection on a concentric circle of proportional radius
the scale length can be changed to any desired number.

(vi) Using adjacent scales the same circle can be used for multlphcatlon or division
mvolvmg five or six variables.
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