
I have assigned a number of homework problems in the lecture notes and this is a compilation of them.

1. Prove that a (67,12,2)- BIBD does not exist.

2. Let G = Staby in the group Aut(B3) where y = the block of k vertices.  The displayed set of Hussain 
graphs can be found in the lecture notes. Verify:
(a) G has two orbits of 2-sets on y,  [{1,4}, {2,5}, {3,6}] and [all other pairs].
(b) G has three orbits of points of B3; [points of y], [(i): Gi is a hexagon], 
      [(j): Gj is a pair of 3-cycles].
(c) G has two orbits on blocks ≠ y.
(d) the set of Hussain graphs for the block {1,4} is isomorphic to the displayed one on y.
(e) the set of Hussain graphs for the block {1,2} is isomorphic to the displayed one on y.
(f)  every block has a set of Hussain graphs isomorphic to the displayed one on y.
(g) G has three orbits of blocks, of sizes 1, 3 and 12. 

3. In the biplane B4, show that the following are automorphisms:
                 α = (12)(45)    β = (15)(24)    γ = (36)    δ = (245)

4*. Prove that the three sets of Hussain graphs displayed for the (16,6,2) biplanes are the only 
possibilities.

5. Let H be the subgoup of Aut(B4) which fixes y. Show that:
(a) H is not transitive on the points of y, it has two orbits [3,6] and [1,2,4,5].  
(b) |H| = 4•2•3 = 24.
(c)  |Aut(B4)| = 24•16 = 384
(d) H has three orbits of 2-sets: [{3,6}], [{1,2}, {1,4}, {1,5}, {2,4}, {2,5}, {4,5}] and [{1,3},                

{2,3}, {4,3}, {5,3}, {1,6}, {2,6}, {4,6}, {5,6}].

(e) H has four orbits of blocks with sizes 1,1,6 and 8.

6. Finish the proof of the equivalence of biplanes and complete sets of Hussain graphs by showing that 
each block in the construction has the same number of points (which must be k since that is how many 
points the block y contains.) This may also be done in more generality by proving that a design with 
equally many points and blocks, each point appearing in the same number of blocks (= r), and each pair 
of points appearing in the same number of blocks ( = λ) has all blocks with the same size (= r).


