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STEP 11, 2022, Q1 MS

1. (i) Atintersections
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M1
Expanding brackets, collecting like terms and multiplying throughby t? (t = 0) gives

ettt = ZactP 4+ (a4 b = rE)tt = 2bat 4+ ¢t =10

as required. *Al (2)
(i)
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i=1 i= =1 =i
M1A1 dM1A1l *Al (5)
as required.

Dividing the equation (*) by t* [again t * 0) gives
2ac 2be  c?
ete— 4 (at+ b= 1) -+ 5=
t t t
which has roots t; and thus M1

et =2bctP (a4 b= r¥) i =2act + ¢t =0

M1 Al
has roots rl, which is just {*) with a and b interchanged. El
Thus
4
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— = —(hF = g4 gyt
Ztlz Czt ]
i=1
from the first result of (ii). Al(5)
Alternative:-
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C(bgta byt tg by byt gty 1 ) = 2yttt (88 F byt ty b+ Bty + Byt + E5E,)
(tytataty)?
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as required. M1 *Al(2)
(iv) Touching at two distinct points implies the roots of (*) are two pairs of coincident roots.
WLOG SE‘.I' t]_ = tj and tz = t.||. . E1

then as the product of the four rootsis 1 (from (*)), t,%t,7 =1 B1andtherefore t,t, =+1.

P is (cci, 5) and P, is (ctz, i) = j;(i,r:ti) B1which are reflections of one another in

ty tz ty
y = tx respectively, and these are the mediators of the pairs of points. E1 The centre of the circle
'z lies on the mediator of P, and P E1 which we have shownis ¥y = +x . E1 (6)

ARernative E1 B1 as before

2a it

t1+t2+t3+t4:T ;tl"'tz:E
Zh 5 5 . ) Zh
E1£2E3+t2t3t4+f3t4t1+E‘,|_t1t2:? = Ltk F L+ 0L :?

b
= (b, + L)t ==
M1 A1

So Iyt =E =41 andhence a = +bh andsothe centreof €, is (@, +a ) as required.

M1 Al
ARternative E1 B1 as before

11 1 1 1 1
B2 ikttt =200 4+ 1,0 = 2(F+F)=_+_2+F+_2
2 1

M1 Al
and thus :—ziaz— b? + rZJ::—Z{.bz— a4 r¥) soa® = b% and a = +b

M1 Al
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