SM LFM Pure and Mechanics - Friction

Question (2000 STEP I Q11)

A rod AB of length 0.81 m and mass 5 kg is in equilibrium with the end A on a
rough floor and the end B against a very rough vertical wall. The rod is in a vertical
plane perpendicular to the wall and is inclined at 45° to the horizontal. The centre
of gravity of the rod is at G, where AG = 0.21 m. The coeflicient of friction between
the rod and the floor is 0.2, and the coefficient of friction between the rod and the
wall is 1.0. Show that the friction cannot be limiting at both A and B.

A mass of 5 kg is attached to the rod at the point P such that now the friction is
limiting at both A and B. Determine the length of AP.

Question (2003 STEP II Q10)

A bead B of mass m can slide along a rough horizontal wire. A light inextensible
string of length 2¢ has one end attached to a fixed point A of the wire and the other
to B. A particle P of mass 3m is attached to the mid-point of the string and B is
held at a distance ¢ from A. The bead is released from rest.

Let a1 and ao be the magnitudes of the horizontal and vertical components of the
initial acceleration of P. Show by considering the motion of P relative to A, or
otherwise, that a; = V/3as . Show also that the magnitude of the initial acceleration
of B is 2a;. Given that the frictional force opposing the motion of B is equal to
(v/3/6)R, where R is the normal reaction between B and the wire, show that the
magnitude of the initial acceleration of P is ¢/18.

Question (2005 STEP II Q9)

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 é 3 and the
coeflicient of friction between B and the plane is %\/3 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 %\/gmg 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 /.




SM LFM Pure and Mechanics - Friction

Question (2007 STEP I Q9)

A particle of weight W is placed on a rough plane inclined at an angle of 6 to the
horizontal. The coefficient of friction between the particle and the plane is p. A
horizontal force X acting on the particle is just sufficient to prevent the particle
from sliding down the plane; when a horizontal force kX acts on the particle, the
particle is about to slide up the plane. Both horizontal forces act in the vertical
plane containing the line of greatest slope. Prove that

(k—1) (1 + p?)sinfcosd = pu(k+1)

(1+p)?

and hence that k& > 7
1—p)

Question (2008 STEP I Q11)

A straight uniform rod has mass m. Its ends P, and P» are attached to small light
rings that are constrained to move on a rough rigid circular wire with centre O fixed
in a vertical plane, and the angle PiOPs is a right angle. The rod rests with P;
lower than P,, and with both ends lower than O. The coefficient of friction between
each of the rings and the wire is . Given that the rod is in limiting equilibrium (i.e.
on the point of slipping at both ends), show that

=2

t = ,
an o 1T 20— 22

where « is the angle between P;O and the vertical (0 < o < 45°). Let € be the acute
angle between the rod and the horizontal. Show that 6 = 2\, where X is defined by
tan A = p and 0 < A < 22.5°.
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Question (2008 STEP II Q11)

A wedge of mass km has the shape (in cross-section) of a right-angled triangle. It
stands on a smooth horizontal surface with one face vertical. The inclined face makes
an angle 6 with the horizontal surface. A particle P, of mass m, is placed on the
inclined face and released from rest. The horizontal face of the wedge is smooth, but
the inclined face is rough and the coefficient of friction between P and this face is u.

(i) When P is released, it slides down the inclined plane at an acceleration a
relative to the wedge. Show that the acceleration of the wedge is

acosf
E+1°

To a stationary observer, P appears to descend along a straight line inclined
at an angle 45° to the horizontal. Show that

tan@zm.

In the case k = 3, find an expression for a in terms of g and pu.

(ii) What happens when P is released if tanf < pu?

Question (2012 STEP II Q10)

A hollow circular cylinder of internal radius r is held fixed with its axis horizontal.
A uniform rod of length 2a (where a < r) rests in equilibrium inside the cylinder
inclined at an angle of 6 to the horizontal, where 6 # 0. The vertical plane containing
the rod is perpendicular to the axis of the cylinder. The coefficient of friction between
the cylinder and each end of the rod is p, where g > 0. Show that, if the rod is on
the point of slipping, then the normal reactions Ry and Ry of the lower and higher
ends of the rod, respectively, on the cylinder are related by

/J(R1 + RQ) = (Rl — Rg)tangb

where ¢ is the angle between the rod and the radius to an end of the rod. Show
further that
pr’
r2 —a2(1+ p2)’
Deduce that A < ¢, where tan A = p.

tanf =
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Question (2013 STEP I Q11)

The diagram shows a small block C' of weight W initially at rest on a rough horizontal
surface. The coefficient of friction between the block and the surface is p. Two
light strings, AC' and BC, are attached to the block, making angles %ﬂ' —«a and «
to the horizontal, respectively. The tensions in AC' and BC are T'sin 8 and T cos 3
respectively, where 0 < a + 8 < %TF.

(i) In the case W > T'sin(a+ f3), show that the block will remain at rest provided
Wsin A\ > T cos(a+ 3 — \),

where A is the acute angle such that tan A = p.

(ii) In the case W = T tan ¢, where 2¢p = o + 3, show that the block will start to
move in a direction that makes an angle ¢ with the horizontal.
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Question (2016 STEP I Q9)

A horizontal rail is fixed parallel to a vertical wall and at a distance d from the wall.
A uniform rod AB of length 2a rests in equilibrium on the rail with the end A in
contact with the wall. The rod lies in a vertical plane perpendicular to the wall. It
is inclined at an angle 6 to the vertical (where 0 < § < ) and asin6 < d, as shown
in the diagram.
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The coefficient of friction between the rod and the wall is p, and the coefficient of
friction between the rod and the rail is .

Show that in limiting equilibrium, with the rod on the point of slipping at both
the wall and the rail, the angle 0 satisfies

d?0 = a((A+ p)cos + (1 — Ap)sin) .

Derive the corresponding result if, instead, asinf > d.
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