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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision of,
professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both published and
unpublished, and are invariably supported by original work of ESDU staff engineers or consultants. The whole process is
subject to independent review for which crucial support is provided by industrial companies, government research
laboratories, universities and others from around the world through the participation of some of their leading experts on ESDU
Technical Committees. This process ensures that the results of much valuable work (theoretical, experimental and
operational), which may not be widely available or in a readily usable form, can be communicated concisely and accurately
to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your use of our
data, or any suggestions for new topics or information that might lead to improvements, will help us to provide a better service.
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USE OF CARPET PLOTS TO REPRESENT FUNCTIONS OF TWO VARIABLES
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USE OF CARPET PLOTS TO REPRESENT FUNCTIONS OF TWO VARIABLES

1. NOTATION

2. INTRODUCTION

The “carpet” plot is a form of graph which illustrates the behaviour of a function of two independent
variables.  It is widely used in aeronautical work but the only formal treatments are in References 1 and 2.
Unlike the conventional type of graph, which shows the variation of a function with one of the independent
variables while the other is held at a series of fixed values, the carpet plot shows how the function varies
with both variables together.  This feature facilitates interpolation of the function for intermediate values
of both independent variables.

Section 3 illustrates the problems that can arise with conventional twin 2-dimensional plots while Section
4 shows how these are overcome by use of carpet plots.  Section 5 provides further examples of carpet
plots to illustrate the various forms they may take.  Section 6 extends the concept of the carpet to the “lattice”
plot which can represent the behaviour of a function of three independent variables.  Examples of lattices
are given to show how they are constructed and how interpolation is carried out.

3. CONVENTIONAL TWIN 2-DIMENSIONAL PLOTS

A function  of a single variable  is represented graphically in two dimensions by plotting values of 
against  and drawing through those points a single smooth curve which can be used to interpolate for
values of  lying between them.

If  is a function of two independent variables,  and , a similar procedure is adopted.  A typical set of
data is shown in Table 3.1 and is plotted in Sketch 3.1 (a).  Values of  corresponding to one of the fixed
values of , and intermediate values of , are interpolated from the appropriate z-curve in the usual manner.
However it is difficult in this case to interpolate curves of  against  for intermediate values of  because
the plotted z-curves are unevenly spaced and cross each other.  This problem is overcome by replotting the
data as a series of curves of  against  for fixed values of , as shown in Sketch 3.1 (b).  However, even
using Sketches 3.1 (a) and (b) in conjunction, it is difficult to interpolate values of  for intermediate values
of both  and  together.

, , , constants defining composite variable V 

composite variable defined in Equations (4.1) and (6.1) 

, , independent variables

dependent variable

TABLE 3.1 Data for Sketches 3.1, 4.1 and 4.2

5 10 15 20 5 10 15 20 5 10 15 20

1 1 1 1 2 2 2 2 3 3 3 3

30.1 39.2 43.2 45.9 20.0 35.8 48.9 59.1 4.1 28.0 47.1 62.0

Kw Kx Kz K0

V

w x z

y

y x y
x

y

y x z
y
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y z x
y

x z

x

z
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Sketch 3.1   Conventional twin 2-dimensional plots of data from Table 3.1

4. CARPET PLOTS

Sketch  4.1 shows an alternative method of plotting the data from Table 3.1  The curve AD of  against 
for  is plotted as in Sketch 3.1 (a), but using a moveable x-scale whose origin is positioned 50 small
divisions of the graph to the right of the y-axis.  The curve of  against  for  is plotted with the
origin of the x-scale moved 20 divisions to the left.  Similarly, the curve BC of  against  for  is
plotted with the origin of the x-scale moved a further 20 divisions to the left.  The values of  are marked
at the end of each curve, but do not appear on the graph abscissa.

Curves are now drawn through points having the same values of  on each of the three curves along which
 is constant (z-curves).  These form curves of constant  (x-curves).  The x-curves in Sketch 4.1 are similar

to those in Sketch 3.1(b) but are plotted in the opposite direction and stretched out over twice the horizontal
distance.  This is a consequence of displacing successive z-curves 20 divisions to the left.  

The x-curves and z-curves in Sketch 4.1 give an impression of a curved surface, hence “carpet” plot.

Sketch 4.1   Carpet plot of data from Table 3.1

(a) y as a Function of x (b) y as a Function of z
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Sketch 4.2 shows an alternative carpet plot of the data from Table 3.1, with successive z-curves displaced
by 20 small divisions to the right.  The result of this choice is an awkwardly-shaped carpet, with the corner
D  lying apparently below the surface, making interpolation in the range  difficult.
(The shaded area in Sketch 4.2 lies “within” the carpet as shown in Sketch 4.1.)

Sketch 4.2   Alternative (and unsatisfactory) carpet plot of data from Table 3.1

The contrast between Sketches 4.1 and 4.2 illustrates the influence that the direction in which the z-curves
are displaced has on the overall shape and utility of the carpet.  It is recommended that, when constructing
a carpet plot from unfamiliar data, a preliminary set of curves of  against  be used as an aid to choosing
scales and the directions in which the curves are displaced. See Section 5 for further examples. 

4.1 Interpolation Within Carpet Plots

Curves for intermediate values of  are interpolated between the x-curves by drawing through the intercepts
of the z-curves with the appropriate ordinate lines of the graph, using these as sub-divisions.  Intermediate
z-curves are constructed in a similar manner.  This is illustrated in Sketches 4.1 and 4.2 where the
interpolated curves for  and  are shown.  The point  lies at their
intersection.

It is essential that intermediate points on a curve are located by using the ordinate lines as sub-divisions
and not by measuring along the curve arc itself.

For ease of interpolation, successive x- and z-curves should be separated by a number of small horizontal
divisions that is a convenient multiple of the differences in the curve values.  For example, curves for

 etc. could be separated by 5 or 10 small divisions.  (Avoid scales where a unit change in 
(or z) is represented by a multiple of 3 or 4 small divisions.) Drafting should ensure that the crossover points
(nodes) of the x- and z-curves lie correctly on the background grid lines and, preferably, on the heavily
marked ordinates.

4.2 Construction of Carpet Plot from Data Presented in Graphical Form

In some cases data are not available in numerical form but are presented as a graph in which  is plotted
against  for various values of .  A carpet plot can be derived directly from this by a graphical construction,
as illustrated in Sketches 4.3 and 4.4
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