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1. Throughout this note A will stand for a complex n X n matrix with charac-
teristic roots 01 . The spread s(A) of A is defined by the equation

s(A) max Ir , !.
In an earlier paper [5] (which will be referred to as S) I obtained an upper bound
for s(A), valid for every matrix A, and lower bounds for the case of Hermitian
and normal matrices. This last case is now to be pursued a little further. In
the first place it will be shown that the lower estimates for s(A), obtained pre-
viously, are best possible. Then a number of further estimates will be derived,
and s(A) will be characterized by various maximum properties. Finally, a
function of the characteristic roots of A, more general than s(A), will be con-
sidered.
We shall denote by at. the (r, s)-th element of A, and by e the column vector

whose /c-th component is 1 while all other components are 0. Transposed
conjugates will, as usual, be indicated by an asterisk.

2. We begin with a number of results relating to Hermitian matrices.

THEOREM 1. I] A is a Hermitian matrix, then

s(A) 2 sup u*Av I,

where the upper bound is taken with respect to all pairs o] orthonormal vectors u, v.

Assume, without loss of generality, that s(A) 1 o2. Let T be a unitary
matrix sach that

T’AT diag (1 . .).

If the first and the second columns of T are denoted by x and y respectively,
thenl[xll I[Yll 1, x*y 0;andx*Ax oo,,y*Ay o. Hence

(1) s(A) x*Ax y*Ay.

Now put

Uo (x + iy)/ %/’, Vo (x iy)// p x*Ay.

Then I[ uo II [I Vo [I 1, u*ovo 0; and using (1) and the fact that A is Her-
mitian, we obtain

u*oAvo 1/2{s(A) 2ip}.
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