DISCRIMINATION OF THE ROOTS OF A CUBIC EQUATION, ETC.

AT =AT P+ A4 = AT+ AT* - (417 - A45)
=204%+ 2017 - (CT* - CC?)
(7 is radical centre
oo AT - 442 =CT* - CCP)
=3200C?+2071* - (CT* - CCY)
=CT2+CT*-CT*+ CC?
=CI*+Cl?
=C,\ T3
@ with centre T, and radius 4,7 passes through C, and
hence through C,.
Similarly, it will pass through the ends of the diameter per-
pendicular to 71 8.
If p be the radius of radical circle, and B of circumcircle of
ADABC,
ATE=AT?+ A4, and p*=AT? - 44}
AT+ p*= AT+ AT 2 =204%+ 207"
A,T2=92R+ 201" - p~.
A. G. BURGESs.

Diserimination of the Roots of a Cubic Equation by
Elementary Algebra.—The following note shows how the con-
ditions for the reality or equality of the roots of a cubic can be
obtained from the similar conditions for a quadratic. The method
does not involve the use of the calculus or the properties of
turning points, nor of the imaginary cube roots of unity.

Suppose the general cubic equation has been reduced as usual
to the form

PHpr4+qg=0. cooiiiiiiiii, (1)

It is certain that this has at least one real root, o, say: reduce all
the roots of the equation by « and we get
(E+af+pé+a)+g=0,
or, (P +potq)+(E+ 30+ 30 +p &) =0,

or, (¥ +30f+ 362+ p)=0, ...l (2)
so that the roots of (1) are o, o+ &, «+&, where &, & are the
roots of

E+3af+3a+p=0. ... 3)
(213 )
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MATHEMATICAL NOTES.
The roots of (1) are therefore real and distinct, real and two
equal, one real and two imaginary, according as
(3~ 430+ p) Z 0,
i.e. according as 3a*+4p 0.

Taking the first of these cases along with the condition
o+ po+qg=0, and writing it 3a’+4p= - %% to avoid trouble
with the odd indices and the inequality, we find

Tdp R -dp - )
\/ 3 ( 3 TP)=%

which, on simplifying and squaring, becomes

— (4p+ B (p*+ 2pk* + k) =274,

or, ~4p® — (3pk + k) = 2747,
or, 4p° +27¢* = - (Spk + ),
or, 4p°+27¢° <0,

Similarly, the necessary and sufficient conditions for the other

two cases, viz., three real roots, two equal, and one real root only,
are

4p* +27¢*=0, 4p*+ 27¢° >0 respectively.
J. M‘Waan.

The Moments Theorem.—If 4BDC be a parallelogram, of
which AD is a diagonal, and if O be any point which, by joining

B p-d

A (o

to 4, B, C, D, makes three triangles, OAB, 04D, OAC, each of
(214)
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