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  Designing a nomogram for an equation containing more than three variables is difficult. The most common nomogram of this sort implements pivot points, requiring the user to create a series of isopleths to arrive at the solution. In this guest essay, Liunian Li describes the ingenious design of a nomogram that requires just a single isopleth to solve a 4-variable equation. For convenience the method is described in both English and Chinese.
 We are interested in designing a nomogram for the following equation in m, l, k and θ:
     
[image: image1.wmf]q

q

cos

sin

×

+

×

=

l

k

m


where θ > 0 and m and l lie between 0 and 100. However, the general design here is valid for other ranges of these variables.
  Below is the completed nomogram, including an isopleth for the solution l = 20, m = 40, k = 50 and θ = 25°. The derivation of the design follows this figure. A high-resolution version of the nomogram can be found here.
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  To create this nomogram, we first draw a 100x100 grid with the origin at (0,0). The m-scale lies along the left side and increases from bottom to top. The l-scale lies on the right side and increases from top to bottom. In terms of x and y, these scales can be described by the equations (a) and (b):
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  (b)
  The slope of the line drawn between the l and m scales can be expressed in terms of either variable:
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  Substituting equations (a) and (b) into (c), we arrive at
     
[image: image6.wmf]x

l

y

x

y

m

-

+

-

=

-

100

100

  (d)
  We also have the following equation that must be satisfied for this isopleth:
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  By substitution, equations (d) and (e) can produce independent equations for l and m:
     
[image: image8.wmf]ï

î

ï

í

ì

-

+

+

-

=

-

+

+

-

-

=

q

q

q

q

q

q

q

q

cos

100

cos

cos

100

cos

100

sin

cos

100

cos

100

100

sin

)

100

(

x

x

x

y

xk

m

x

x

x

y

k

x

l

   (f)
  The next step is key. These equations must be valid for any values of l and m. Therefore, if we rewrite l and m as
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then l and m are arbitrary only if A=0, B=0, C=0, and D=0. Setting A=B=0 in the first equation in (f) and solving the two resulting equations for x and y provides
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  (g)
     The same set of equations for x and y is obtained when we set C=D=0 in the second equation in (f). 

     Now we let k = 0, 1, 2, 10, 50, 100, 150… and plot k-curves for the variable θ. Then we let θ = 0°, 1°, 2°, 3°, 4°... and plot θ-curves for the variable k. This forms the nomogram shown in the figure above, which provides a linear mapping of solutions to the original equation.
     We can verify this result by substituting equations (a), (b) and (g) into the standard determinant form that describes our nomogram:
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     After substitution we arrive at
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which is true from our original equation.
     The method is equivalent to converting an equation into determinant form as
     
[image: image14.wmf]0

1

1

1

cos

sin

=

ú

ú

ú

û

ù

ê

ê

ê

ë

é

=

-

-

l

l

m

m

y

x

y

x

y

x

l

k

m

q

q


     This method is generally suitable for 3, 4, 5, or 6-variable equations, but is complicated for equations of 5 or 6 variables.

四变量诺模图（李留念 和Ron Doerfler）

设计有三个以上变量方程的诺模图是很有难度的一件事。在同类问题中，大多数都借用轴点，还需要用户自己创建一组等值线才能求得最终结果。在此客户的这篇论文中，李留念概述了一种巧妙的诺模图设计过程，仅需要一条等值线就能求得四变量方程。为了方便大家，此方法用英语和汉语两种语言描述。
我们有意于给下面方程设计一诺模图，其含有变量m、l、k和θ：
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此处θ>0，m和l在0到100之间。此设计一般也适用于这些变量的其他范围。

以下是完整的诺模图，且含有一条满足l = 20, m = 40, k = 50 和 θ = 25°时的一条等值线。得到次图的推导过程紧随其后。此诺模图的高分辨率版可以在此处找到。
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为了创建此诺模图，我们首先画一100X100的方框，（0,0）为原点。m坐标轴在左侧，方向自下向上且均匀增加。l坐标轴在右侧，方向自上至下且均匀增加。用x和y坐标表示两坐标轴方程为（a）和（b）：
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  (a)      和       
[image: image18.wmf]î

í

ì

=

-

=

100

100

l

l

x

l

y

  (b)
在l和m之间直线的斜率可同时用几个变量表示为（即直线方程）：
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把(a)和(b)代入(c)，可以得到
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  (d)
同时我们也必须让下面方程满足等值线：
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 (e)
通过代换，由(d)式和(e)式可求得l和m，两式且不相关：
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   (f)
接下来这一步是关键。在l和m为任意值时这些方程都必须满足，因此，若把l和m再写为：
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只有当A=0、 B=0、C=0和D=0都成立时，l和m才可为任意值（即l和m与（f）式中其他四个变量不相关）。令（f）式中第一个方程A=B=0，求解两方程得x和y
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  (g)
由（f）式中第二个方程C=D=0联立求解也可得到x和y同样的方程。

现在我们可以令k = 0, 1, 2, 10, 50, 100, 150……，θ作为自变量得一族k曲线。同样的，令θ = 0°, 1°, 2°, 3°, 4°……，k作为自变量可得到一族θ曲线。这样就形成了如上所示的诺模图，他提供了一种对原方程进行线性变换的解法。

我们可以验证此结果，把求得的(a)、(b)和(g)代入到标准行列式中：
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代入后求得：
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和原方程相符。

这种方法相当于把方程式变换为行列式，就像
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一样。
 这种方法广泛适用于3、4、5和6变量方程，但是对于5和6变量方程又过于复杂。
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