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In this paper a theorem will be proved which in the case of square matrices
with real elements will often give better bounds for the characteristic roots than
Brauer’s Theorem 35 (see preceding paper).

Let A (a) be a square matrix of order n with real elements. Using Brauer’s
notation, we let

P laK (-- 1,2,-.. ,n),

and for each given and ), we denote the sum of the positive terms in

(1) S aa
Y----1

by U,, he sum of he negative terms by V,, and maximum (U,, V, by
W,

We set

P’x ax Px + lax. [(P ax I) + Wx + (l aK.ax, + axa. [),

where , ),, , # run from 1 to n and where h; # , },; , ,.
THEOREM. Each characteristic root o of A lies in the interior or on the boundary

of at least one of the n (n 1)/2 ovals of Cassini

z a I" z ax <- P’x (, ) 1, 2, n; ).

Proof. Let be a characteristic root of A, then 5 is also a root.
Since 0 is a characteristic root of A, the system of linear equations

(2) a,,x, ox, ( 1, 2, n)

has a non-trivial solution (1 ., ’). Furthermore we have (’, ’,
,,) as a solution to the system

(3) a,,x, x ( 1, 2,
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