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2004 STEP I q9

[image: image1.png]A particle is projected over level ground with a speed u at an angle # above the horizontal.
Derive an expression for the greatest height of the particle in terms of u, § and g.

A particle is projected from the floor of a horizontal tunnel of height 10d Point P is %d
metres vertically and d metres horizontally along the tunnel from the point of projection. The
particle passes through point P and lands inside the tunnel without hitting the roof. Show
that

arctan% < 6§ < arctan 3.
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[image: image2.png]A particle is projected at an angle 6 above the horizontal from a point on a horizontal plane.
The particle just passes over two walls that are at horizontal distances d; and do from the
point of projection and are of heights do and dy, respectively. Show that

dt +dydy + d3

tanf = dyd,

Find (and simplify) an expression in terms of dq and dp only for the range of the particle.
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[image: image3.png]A triangular wedge is fixed to a horizontal surface. The base angles of the wedge are a and
5 —a. Two particles, of masses M and m, lie on different faces of the wedge, and are connected
by a light inextensible string which passes over a smooth pulley at the apex of the wedge, as

shown in the diagram. The contacts between the particles and the wedge are smooth.
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(i)  Show that if tana > % the particle of mass M will slide down the face of the wedge.

(ii) Given that tano = show that the magnitude of the acceleration of the particles is
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and that this is maximised at 4m3 = M3 .
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[image: image4.png]Two particles, A and B, of masses m and 2m, respectively, are placed on a line of greatest
slope, ¢, of a rough inclined plane which makes an angle of 30° with the horizontal. The
coefficient of friction between A and the plane is %\/ﬁ and the coefficient of friction between B
and the plane is %\/?7; The particles are at rest with B higher up ¢ than A and are connected
by a light inextensible string which is taut. A force P is applied to B.

(i) Show that the least magnitude of P for which the two particles move upwards along ¢
is %\/g mg and give, in this case, the direction in which P acts.

(ii) Find the least magnitude of P for which the particles do not slip downwards along £.
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[image: image5.png]N particles Py, P, Ps, ..., Py with masses m, qm, ¢®m, ..., ¢"~1m, respectively, are at rest

at distinct points along a straight line in gravity-free space. The particle P; is set in motion
towards P, with velocity V' and in every subsequent impact the coefficient of restitution is e,
where 0 < e < 1. Show that after the first impact the velocities of P; and P5 are
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Show that if ¢ < e, then there are exactly N — 1 impacts and that if ¢ = e, then the total loss
of kinetic energy after all impacts have occurred is equal to

respectively.

%me(l — eNfl)V2.




