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STEP 2011, Paper 1, Q9 - Solution (2 pages; 11/6/18)

If u is the initial speed of the particle, then (taking the point of
projection as the Origin),

. 1
x = ucosf.t & y = usinf.t — Egt2

= y = xtanf — gx” (1)
Y= 2u2cosz6

Let A = -2

2Uu
(1) = d, = dytand — Ad,*(1 + tan?6) (2)
and d; = dytand — Ad,*(1 + tan?6) (3)

dl tan@ —dz
d,%(1+tan?0)

d2 tan@—dl
d,%(1+tan?0)

Then (2)=> A= (4) and (3) > A=

Equating these two expressions,
(ditand — d,)d,* = (dytand — dy)d,>
= tane(dldzz - dzdlz) == d23 - d13
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(dy—d1)(d12+dydy+dy?)  dy®+didy+d,°
didy(dy—dq) did;

= tanf = ,as required (5)

From (1), the range R satisfies Rtand — AR*(1 + tan?0) = 0

Then, as R # 0, tanf — AR(1 + tan?8) = 0,

tanf
sothatR = A(Lttan?0)
From (4), A(1 + tan?) = dlt%‘z_dz,
1

2 2y(91
tanf.d.* (d1"+dqdy+d, )(d_z)

ditanf—d,  (d1’+dqdy+dy? d
do 2

so that, from (5), R =

_dq(di%+didatdy?)  di®+dqdy+d,?
" di’+dido+dy’—dy? d,+d,




