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1. Consider a CRD with v treatments with replication numbers ry, - - - 1.
(a) Write down the model in the form Y = Xyu + X 7 + £, describing
the meaning of each symbol.

1
(b} Let = | : and Dg = Diag(ry, - ry).

Ty
Show that X{ X, =r and X{X; = Dg.
(¢) Show that the least square estimate of 7 can be obtained from
Co? = Qp, where Cyp = Dg — (1/n)rr' and Qo =T — (G/n)r, G is the
grand total.

[1+3+5=10]

2. Consider a latin square design using a latin square of order v. Consider
the following function d from V x V to V as follows. d(i,j) = k
if treatment k is applied to the (i, 7)th cell of the latin square. Let
Sy = {(4,7) : d(i,j) = k}. Show that

im1 =1 YiTaag) = ket TZ, where Y;; is the yield from the (¢, j)th
cell and T}, is the total from the kth treatment. (3]

3. Consider a general block design with v treatments with replications
T1," Ty, b blocks of sizes ky,- -k

(a) Write down the model in the form Y = Xou + Xi7 + Xof8 + ¢,
describing the meaning of each symbol.

(b) Suppose the reduced normal equation for the treatment effects is
C7 = Q. Express C and Q in terms of X;’s and Y .[Proof is not needed].

(¢) Obtain E(Q) and Cov(Q).

(d) Show that I'7 is estimable if and only if [ is in the column space of
C.

(e) Show that if ' and m/r are estimable then Cov(I't,m'7) = o?l'c™m.

(f) Is Cov(7) is a2c ? Justify. [3+3+(2+3)+9+ 5+ 3 = 26]



4.
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Consider C' in Q 3. Show the following.

(a) C' is non-negative definite.

(b) C'ly= (L
(¢) If rank(C) = v — 1, then for any positive a, E = C + aJ, is positive
definite and E~! is a g-inverse of C. R424-5=9

(a)Consider the block design

Bloekl : 1 1 2
Block2: 3 3 4
Block3: 2 4 5

Is 11 — 73 estimable 7 Justify

Block1: 1.2
(b)Consider the block design Block 2: 2 3
Blockd: 3 1

(i) Obtain the C-matrix.

(ii) Obtain an expression for the BLUE of an elementary treatment
contrast in terms of treatment totals and block totals. [3 + (2 + 5) =
10]

Construct a BIBD with parameters v = b = 13,r = k = 4, A = L.
[Either present all the blocks or describe the construction with proof].
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