STEP 1, 2023, Q4 MS
Question Answer Mark
4 (i) {1—5)2:32312—2\"’51—1.:0 M1
S0 (rz - 232x - l]{x"' + 242 - 1] =0 M1
thatis, x* — 10x + 1 =0 Al
but vZ + 3 a root of (x — vZ)* =3 A1
soarootofx! —10x*+1=0.
_ [4]
(ii) {\.@ + u"g)z =84+ 2415 B1
V2 + /3 + 45 a root of MA
[x - u"f)z - (B + 2\-"E]
that ig, of x2 — 2v2x — 6 — 215 Al
so of (IZ -2 x—6- Zv"ﬁj{xz +22r -6+ Zvﬁ) M1
= x* — 20x? — 8v30x — 24 A1
so of (x* — 20x? — 830x — 24)(x* — 20x? + 8V30x — 24) M1
= x" — 40x% 4+ 352x" — 960x% + 576 Al
[71
Alternativ
(ii) The roots will be the eight numbers of the form B1
tVZ+3445
Which can be paired as
+(VZ +V3 +15), £(YZ -3~ V),
+(—VZ+V3-15), H(—VZ2-V3++5)
So the polynomial is a gquartic in x* with roots
@ = (VZ+T+VB)’, f = (VE- V3 —VE,
y=(=V2+V3-V5)", 8= (2= V3 +V5)’
a+fB+y+d=42+3+5) =40 M1
2 2 A-I
apys = (2= (V3++5)) (2- (V3-+5)")
F]
= (=6 - 2V15)(=6 + 2V15))" = (36 — 60)* = 576
a? = (VZ+3+5)
=4+9 + 25 + 4(5V6 + 7VI0 + 8+/15)
+6(6 + 10 + 15)
= 224 + 4(5v6 + 710 + 8V15)
Soua?+ Bl 4+yi+ 6% =4x224 =896
2(aff + ay + ad + fy + fd + yd) = M1
(+B+y+8P2 —(a® + 52+ +89
a A1l

aff +ay + al + fy + B8 +yd = =—" =352

al + 7yt 4 5% =

4(8 + 27 4+ 125 + 15(12 + 20 + 18 4 45 + 50 + 75) + 90(30))

= 24640

[+]=]

NEXT STEP
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[+]=]

NEXT STEP

+B+y+8)°=(a®+8%49%+48%) M1

+3(af +ay +ab+ By + BS+yS)a+ B +y +8)

=3afiy + Byd + yia + Saff)
3(afy + fyd + yda + Saf) = 24640 + 3(352)(40) — 40°
2880
afly + fyd + yda + Saff = —a = 960

Therefore the polynomial is Al

x% — 40x° 4 352x* — 960x% 4 576
[7]
(iii) a+ 2, b+ 2, c + 2 are roots of M1

3
[:x—\-"i} —E[r—\-{f}-l—l
soof ¥ = 3V2xZ +3xr 442 + 1 Al
so of M1
[x3 — 322 43 +2 4+ 1}(13 +3V2ZxT 4+ 3 -2 + 1}

=xf —12xY 4+ 263 4 21xt 6 —1 Al
[4]
(iv) (V2 +33) =5+3V12+3V18 M1
= 5+3V6(V2 + V3) A1
so V2 + /3 satisfies x* = 5 = 3{6x M1
so satisfies (x¥ — 5)% = 162x° M1
orx” —15x% - 872 - 125=10 Al
[5]
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