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Definition 1. Let X bea finite set and & is a set of subsets (which may be of different sizes)
of X. We say that (X, %) is a pairwise balanced design (abbreviated as a PBD) if each pair of
ey 5 E y s

Definition 2. An affine plane is a PBD (P, ) with extra conditions specified below, where.
elements of P are called points, sets in < are called lines, and two lines Iy > € £ with h 1y =
2 are said 10 be parallel. The conditions are:

(i) P contains at least one subset of 4 points with no 3 of which are contained in the same

ine;

(ii) givenaline / anda point p line of £ containing p
«

(1) Let (P,.#) be an affine plane. If n > 2, prove that

(@) There is a line in 2 containing n points.
(b) Every line contains n points.

(©) There are exactly n+ 1 lines.

@) (@) Let (X, %) be a 2-(y,k, A) design. Assume um \u, 1By| < 2 for any two distinct
blocks By, B, € 2. Prove that k < (3-+ VAV,

(b) Let D be a1-design and let s be a positive integer with s < 1. Prove that D is also an
s-design.

[

‘We call a Lati i it is orthogonal o s own transpose.

(3) () Prove that there is no self-orthogonal Latin square of order 3.
(b) Find self-orthogonal Latin squares of orders 4 and 5.

(4) Let 0 be an automorphism of a symmetric 2-(v,, ) design which fixes m points and n
blocks. Show that m = n.

(5) () State Bruck-Ryser-Chowla theorem.

(b) Use Bruck-Ryser-Chowla theorem to show that there is no symmetric design with
parameters (29,8,2).



