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STEP 11, 2023, Q10 MS

Question Answer Mark
10 | (i) Z=ut sinaf—%gtz and x = ut cos o M1
require ut sin a —?:_ gt? = A — Blut cos «)* to have a double root M1
z,...2 ! z . - A1
50 (Eu cos® o —Eg)r +(usinalt — A =0 has zero
discriminant
50 u? sin? a + 44 (Buz L'USZH—%H)Z 0 A1
using sin® @ = 1 — cos® o, gives Al
u? —u?cost e+ 4ABu costa — 24g =0
If this is true for all «, both the left-hand side, and the coefficient of M1
cos® o on the right-hand side must be zero
— - A1l
SoA=—and B =—;
g Zu
M
(ii) The set of points inside and on S are vulnerable M1
because if a point outside S was on a trajectory, it would have to A1
cross S, which contradicts the fact that it touches to the surface.
(2]
(i) Particles in the x-z plane have, eliminating a, M1
1 2 Al
(z +§gt2) + 2% =utt?
so, rotating this circle about the z-axis, all the particles lie on a M1
sphere
of radius ut and centre (D. 0, —%gtz) A1
(4]
(iv) for O,z=u—1—lgr2 and x = ut M1
29 2
2 2
so z = — — 2= which is the equation of E A1
g Zu
[2]
(v) Using (i}, P, meets E at time { given by M1
gism*at? —2gusinat+ut =0 Al
soatt =— A1
qsEina
sorequire u(t —T)=ucosat M1
thatis T = 21=2=2 A1
g sina
[5]
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