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1. Introduction. Let

v = a given number of elements,
m* = number of varieties associated with each element,

k = number of varieties in a block with k, varieties in one configura-
tion and k, varieties in another,

v, = number of times 2 varieties occur together in a configuration
except the varieties associated with the same element,

v, = number of times 2 varieties occur in the opposite configurations
except the varieties associated with the same element,

r, = number of times each variety occurs in configurations of k,
elements,

r, = number of times each variety occurs in configurations of k,
elements,

b = total number of blocks.
In a tournamental design (see C. C. Yalavigi [2]), these parameters satisfy the
following system of equations viz.,
(1 (ky=Dri+(ky—Dry = vi(v—1), kyry+kiry =vy(v—1),
bky+ky) = v(ri+rs)

and designs of this type do not seem to have been considered for k; # k,. Our aim
is therefore to determine the solution of a general series given by

@) v=20Q2t+1)+1, b=0v2t+1), ki=1t+1,
k,=t, ro=Qt+D(+1),  r,=Qt+1r,
v, = 1%, v, = t2 41, m* =1,

where v denotes a prime integer or a power of a prime integer of the form p”.

2. Designs for k;, =t+1, k, =¢ and v =2(2¢t+1)+1 = p". This section will
employ the method of generators due to R. C. Bose [1], for constructing balanced
incomplete block designs. We identify the elements with the elements of the Galois
field GF(p") and let

3 Bi=(Aosis A+ s Aeris Avv 14> A2es)s i=0,1,--,2t
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generate all the blocks of a design viz.,
4) B, =(Ao+ita,Ajsita, A i+ a5 4, 1 +a, 7 Ay y i +a),
i=0,1,"-,2t,a=0,1,---,2Qt+1).

This system of blocks will not produce the desired design unless three sets of
numbers called the differences of elements in configurations and the differences of
elements in opposite configurations satisfy certain conditions. They are designated
as:

Differences of elements in configurations:
A, A, differences = +(4,,,—A, ), r#r,rr=0,1,",t
AgyiAy,; differences = +(A,4;—Ay4)), s#S,s, 8 =t+1,t+2,---,2t:
Differences of elements in the opposite configurations:
A, A, differences = +(4,.;—A.)).
These differences must satisfy the hypothesis of the following theorem.
THEOREM. A set of 2t+1 initial blocks B,, By, - -, B,, generates the design of this
section in the above described manner, iff

(A) the A,,; A, .;and A, ; A, . differences are 2(2t+ 1) distinct sets of v, equal
differences,

(B) the A, ; A, ; differences are 2(2t + 1) distinct sets of v, equal differences and

(C) none of the A, ; A, 1y Agyi Ay iy Apyi Ag; differences is equal to zero.

The proof is left to the reader. We proceed to construct a system of initial blocks
satisfying the conditions of the Theorem. Let

O+i _1+i t+i, tH 1D e +2+0 2t+i s
(5) Biz(x l7x 5T, X s X s X ’a 5 X ), I—Oala 32t,

where x denotes a primitive element in GF(p"). The differences of this set of initial
blocks are

(6) A, A, 4; differences = +(x" —x"*Y),

Ag+iAy 4 differences = +(x* i —x¥*),

+(xr+i_xs+i)‘

A, ;Ag,; differences

These differences must satisfy

(7a) (xr_xr’) — ixc"”"’(x’—x'”), r# r # rn’ = 0, 1’ st
(7b) (x*=x%) = +xC=(x°—x*"), s#ES #ES S =t+1,t+2,--+,21,
(70) (xr_xs) = i—xcrsrsl(xr_xsl)’ S¢Shsl =t+1,t+2,"',2t,

(7d) (xr+i_xr’+i) #__ 0’ (xs+i_xs’+i) # 0, (xr+i_xs+i) # O,
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where C,,,,, Csyssrn Crps, denote related elements. The proof of (7) is as follows.
Consider (7a). Let

€)) X =xT—x", X = X=X

The proof of (7a) requires that xS~ *c '~¢ = 41, This is true because a
unique element C,,,,. exists for ¢, and c,,. such that C,,.,,..+c, . = ¢, (mod
22t +1))or C,,.,,.. +¢,,» = c,, (mod 2¢+ 1). The proofs of (7b) and (7c) are similar.
For proving (7d), note that x, x2, -, x*@**V = [ are all different. Hence (5)
satisfies the Theorem. Some illustrations will follow.

Set of initial blocks for v = 2Q2t+ 1)+ 1, k, =t+1, k, = ¢.

v Initial blocks

11 (1,2,4;8,5), (2,4,8;5,10), (4,8,5;10,9), (8,5,10;9,7), (5,10,9; 7, 3)

19 (1,3,9,8,5;15,7,2,6), (3,9,8,5,15;7,2,6,18), (9,8,5,15,7;
2,6,18,16), (8,5,15,7,2;6, 18,16, 10), (5,15,7,2,6; 18, 16,10, 11),

(15,7,2,6,18; 16, 10, 11, 14), (7, 2, 6, 18, 16; 10, 11, 14, 4), (2, 6, 18, 16, 10;
11, 14,4, 12), (6, 18, 16, 10, 11; 14, 4, 12, 11).
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