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Summary

A new unified method of constructing Sccond Order Rotatable designs
using two suitably chosen Balanced Incomplete Block Designs is
suggested. The method of Central Composite Rotatable Design, Box
and Behnken [2] method. Das and Narasimham [6] method are shown to
he particular cases of this new unified method.

Introduction

Rotatable Designs were introduced by Box and Hunter [3] for
the exploration of Response Surfaces. Box and Hunter [3], Bose
and Draper [1]. Box and Behnken [2], Draper [8], Das [4], Das and
Narasimham 16], Das [5] Raghavarao [II], Tyagi [13], Saha and Das
[12], Dey and Kulshreshtha [7], Gupta and Dey [9] and Nigam [10]
suggested different methods for construction of Second Order
Rotatable Designs.

In particular, Saha and Das [12] gave a particular unified
approach for constructing four level Second Order Rotatable Designs
using partially balanced arrays of strength two. In this method,
they replace the I's (ones) and O's (Zeros) in the incidence matrix
by the two symbols a and P and use multiplication in Das and
Narasimham [6] sense. Because of two non-zero symbols in each
block these designs have naturally a large number of points. Dey
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and Kulshreshtha [7] used a similar approach for six level Second
Order Rotatable Designs. Further Gupta and Dey [9] and Nigam
[10] studied this particular type of unified approach for construction
of four and six level Second order Rotatable Designs in greater
detail.

In this paper, a general unified method for the construction of
Second Order Rotatable Designs using two Balanced Incomplete
Block Designs, without any further set ofpoints is suggested.

In this new approach we use two Balanced Incomplete Block
Designs, one with symbols a and 'o' (zero) and another with symbols
'P' and 'd use appropriate multiplications in Das and Narasimham
[6] sense as usual to generate the design points for Second Order
Rotatable Design. Because of the presence ofseveral zeros in each
block the number ofdesign points will be comparatively less in the
method. Further these designs contain five or three levels.

It is established that the method ofCentral Composite Design,
Box and Behnken [2] method and Das and Narasimham [6] method
are particular cases ofthis new unified approach.

METHODS OF Constructing Second Order Rotatable Designs
Using a Balanced Incomplete Block Design

Box and Behnken [2] gave a method for the construction
of Second Order Rotatable Design using a Balanced Incomplete
Block Designs with r=3X,.' where 'V is the pairwise replication
constant and 'r' is the number oftimes that a treatment is replicated.

Das and Narasimham [6] gave a general method of construc
ting Second Order Rotatable Designs for any number of factors
using any Balanced Incomplete Block Design and ifnecessary, a
suitablv chosen set of additional points such as (o, o...,6) or
(p,o,o...o)X 2^ type points or (P, P,...P)X2^«" (2' denotes the
smallest fractional replicate ofli, with levels +1 and -1, mwhich
no interaction with less then five factors is conotunded) type points
depending on r<3A and r>3X.

New Method of Constructing Second Order Rotatable
Designs Through a Pair of Balanced Incomplete Block
Designs

A new unified method ofconstructing Second Order Rotatable
Designs by using two suitably chosen Balanced Incomplete Block
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Designs, without any additional set of points, can be obtained as
follows. The theorem, stated below, forms a generalization of Das
and Narasimham [6] method.

Theorni

If Di—{v, 61, n, ki, Xi) and

Di—(v, bi, r2, kz, ^2) are two Balanced Incomplete Block
Designs in'v'treatments with rigSXi and r2 ^3X2 respectively and
using multiplication in Das and Narasimham [6] sense, the design
points,

«-(v, bi, n, kr, Ai)x2"^' U p-(v, 62, r2, k^,

give a 1' dimensional Sfecond Order Rotatable Design in

. iVr=[Z,iX2'<'=2'+i2X2»^»'] points,

with
(ri-3Xi)
(ra-3>>2)

PROOF : We have for the above 'N' design points,

2 2'(W+r2p4 2<ft)

S 4x4 =^i 2'('=i'«^+Xa 2"^> 134
The Rotatability condition,

I) ^i»=3 xl x?^ gives

n 2" '̂a4+r2p4 2"^2l = 3 Xi 2'""^> a.^+3 X2 2'"^2'

(i.e.,) in~3W 2«'̂ ' a4+(r2- 3 Xa) 3^ =0

X 2 [r (ki) —t {ki)]

...(3.1)

3X1 and/•2=3Xa, equation (3.1) is satisfied for any a and p.
But to get a non-trivial design, at least one of a or P must be
different from 0 (zero).

If ri?^=3 Xi and ri¥'3 equation (3.1) gives,

^ (ri-SXi)
(/•a-3X2)

X2 ...(3.2)

Equation (3.2) has a real solution if either ri<3 Xi or/•2<3?ia, but
not both.
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COROLLARY : If in' Di, n ^ and taking a trivial
Balanced Incomplete Blocjk Design for Da suitably, in the above
theorem, this method reduces to Das and Narasimham [6] method.

COROLLARY : Taking Z)i=(v=v, bi=], /c=v, ri=l, X=l)
and Z)2=(v=v, b2=v, k2=l,r2~h ">^2=0), we get the Central
Composite Rotatable Design in

Ar=(2«(«)+2r}

2

points

X 2with
1

as a particular case.

COROLLARY : If in Di, J-iOAi, taking the Balanced
Incomplete Block Design Z)a=(v=v, b2=il),- /•2=(v-I),
Xa=l) with /'a>3X2 and v>4 the above theorem gives a new method
of constructing Second Order Rotatable Design in

iV=[Z)iX2"^' + (2") 22] points

with
(ri-3Xj

(v-4)
X2['"=I )-2

COROLLARY : If Dx=iv=v, 61= I, ki=v, ri=l X—1) and

A=(v=v, ^2=2, r2=(v—1), Xa=l), v>4, we get a new series
of Second Order Rotatable Designs similar to Central Composite
Rotatable Designs in

iV=[2«<'"+4 (2')] points

with
P4

(v-4)
X 2'W-^=

~G=4)
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