STEP 2006, Paper 1, Q11 - Solution (3 pages; 15/5/18)

All velocities are > 0
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As the total momentum is > 0, if there is just one particle moving

at the end, it must be A,,.

Then the momentum and kinetic energy of A,, must equal that of

Ay

1 1
So Amv,, = mu & Elmvnz = Emu2

Hence Av,? = (Av,)? and A = 12, so that A = 0 or 1, which

contradicts the factthat 4 > 1
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Ifonly A,,_; & A, are moving at the end, then, by conservation of

momentum (CoM), the initial velocity of 4,,_; is u.

Then by CoM, mu = mv,,_; + Amvy,, so thatu =v,,_; + Av, (1)
And by Conservation of energy (CoE),

%mu2 = %mvn_lz + %/lmvnz , sothat u? = v, 1% + 11,% (2)
Then (1) & (2) = v,_1% + 2401V, + 20,2 = v 1% + Av,°
and 2Av,_ v, + 1%v,%2 — Av,2 =0,

so that 2v,_4 + Av, — v, =0 (as A & v, are # 0)

—2Vn—1

Then v, = , which contradicts the assumption that

v,-1 & v, are both > 0 (since A > 0).

(iii) Even if A,,_, is moving as well as 4,,_; & A4,, the same
argument can be used as in (ii), replacing u with the initial
velocity of 4,,_4, since momentum and energy are conserved for
the collision between 4,,_; & A,.
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By (ii), the 2 particles can'tbe 4,,_; & A,, and so must be

Ay & A,

By CoM, mu = m(—vy) + Amv,, so that u = Av,, — v, (3)

By CoE, %mu2 = %mvoz + %Amvnz, so that u? = vy? + Av,? (4)
Then (3) & (4) = 12v,2 — 2Av,,v9 + Vo2 = vy? + Av,2,

so that A%v,%2 — 2Av,, vy — Av,%2 = 0

and hence Av, — 2vy — v, = 0 (as A & v, are both # 0)

Then from (3), vy = Av,, — u,

so that Av, —2(Alv, —u)—v, =0

and hence v,(-41—1)+2u =0 andv, = %

. 2u
Then from (3) again, vy = Av, —u =1 (m) —u
_u . _u(1-1)
A+ (ZA 4+ 1)) A+



