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4  The quartic equation x* +x> +x% +x+1 = 0 has roots a, j3, Y, 0.
(a) Show that a quartic equation with roots 2ot + 1,28+ 1,2y +1,26+ 1 is
Y =2 +4y* +2p+11 = 0. [4]
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The sum 2o+ 1)"+(2B+1)"+ 2y +1)" + (26 +1)" is denoted by S .

(b) Find the value of §,. [2]

(¢) Given that §; =—22, find the value of §,. 2]
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2 The cubic equation P+ tex+d= 0, where b, ¢ and d are constants, has roots «, B and y. It is

given that

a+pB+y =2,
ot +B+yr=3,
at+pt+yt=5
(a) Find the values of b and c.
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(b) Find the value of d.
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2 The cubic equation x* +bx” +cx+d = 0, where d # 0, has roots &, 3, ¥ such that y = é
(a) Show that ﬁ+% —d—b. .
(b) Show also that S+ 1_1-c N
B d
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(¢) Itisgiventhathb=3,¢c=-3and d > 0.

(i) Find the value of d. [2]
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2 The cubic equation x° 4+2x+1 = 0 has roots @, B.y.

(a) Find a cubic equation whose roots are o> — 1, > —1, y° — 1. [3]
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(b) Find the value of (o 1) +(8° = 1)’ +(y* = 1)'. 2]
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3 The quartic equation x* +7x> +3x+22 = 0 has roots o, 3, Y,6.
(a) Find the value of & +B* + 7>+ 8. [2]

ar Mathematics: 9231 Mathematics - Further June 2025 Question Paper 13
(¢) Use standard results from the list of formulae (MF19) to find the value of
10
2 2 2 2
S (o407 + (8 41 + (247 + (8 +F). 5]



