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1. Introduction. This paper considers a problem arising in the design of ex-
periments for empirically investigating the relationship between a dependent
and several independent variables, all variables being continuous. It is assumed
that the form of the functional relationship is unknown-but that within the range
of interest, the function may be represented by a Taylor series expansion of
moderately low order. Specifically, the problem considered herein is that choice
of combinations of levels of the independent variables which, a) will enable an
experimenter to approximate a functional relationship by fitting a Taylor series
expansion through terms of order 3, by the method of least squares, and b) will
have the property of rotatability. Such a choice of combinations of levels of the
independent variables will be called a third order rotatable design.

For the sake of brevity, the abbreviation dth ORD will be used to denote
dth order rotatable design.

2. Rotatability. The property of rotatability as a desirable quality of an experi-
mental design was first advanced by Box and Hunter in [1]. This property is
that the variances of estimates of the response made from the least squares
estimates of the Taylor series are constant on circles, spheres or hyper-spheres
about the center of the design. Thus, a rotatable design, that is, a design which
achieves this property, could be rotated through any angle around its center and
the variances of responses estimated from it would be unchanged.

Box and Hunter proved that a necessary and sufficient condition for a design
of orderd (d = 1, 2, 3, --- ) to be rotatable is that the moments of the inde-
pendent variables be the same, through order 2d, as those of a spherical dis-
tribution, or that these moments be invariant under a rotation of the design
around its center.

Let k& be the number of independent variables, or factors, and let
Ziwy Touy * 5 Tk bE the levels of these variables for the uth experimental point
in the factor space, (v = 1,2, - -+ , N). Then a pth order moment is defined as
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