1. Connected Particles
Use Newton's 2nd law, SUVAT and Fmax = UR to solve problems about connected particles on
rough and inclined surfaces.

Example
Two particles P and Q, of mass 2kg and 3kg respectively, are connected by a light,

inextensible string. The string passes over a small smooth pulley which is fixed at the top of
a rough inclined plane. The plane is inclined to the horizontal at an angle of 30°. Particle P is
held at rest on the inclined plane and Q hangs freely on the edge of the plane with the string
vertical and taut. Particle P is released and it accelerates up the plane at 2.5ms™. Find:

a) The tension in the string
b) The coefficient of friction between P and the plane
c) The force exerted by the string on the pulley






Example (edexcel m1 san 2006 a7)
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A fixed wedge has two plane faces, each inclined at 30° to the horizontal. Two particles
A and B, of mass 3m and m respectively, are attached to the ends of a light inextensible
string. Each particle moves on one of the plane faces of the wedge. The stnng passes
over a small smooth Light pulley fixed at the top of the wedge. The face on which 4
moves 1s smooth. The face on which B moves 1s tough. The coefficient of friction
between B and this face 1s . Particle 4 1s held at rest with the stnng taut. The stnng lies
mn the same vertical plane as lines of greatest slope on each plane face of the wedge, as
shown 1n Figure 3.

The particles are released from rest and start to move. Particle 4 moves downwards and
B moves upwards. The accelerations of 4 and B each have magnitude 2.

(a) By considering the motion of 4, find, in terms of m and g, the tension in the string.

(3)

(b) By considering the motion of B, find the value of .

(8)

(c) Find the resultant force exerted by the string on the pulley, giving its magnitude and
direction.

3)






Additional Question (Connected Particles)
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Figure 5

Figure 5 shows two particles 4 and 8, of mass 2m and 4m respectively, connected by
a light inextensible string. Initially 4 is held at rest on a rough inclined plane which is
fixed to horizontal ground. The plane is inclined to the horizontal at an angle a, where

3 1
tana = 1 The coefficient of friction between 4 and the plane is ik The string passes over

a small smooth pulley P which is fixed at the top of the plane. The part of the string from
A to P is parallel to a line of greatest slope of the plane and B hangs vertically below P.
The system is released from rest with the string taut, with 4 at the point X and with B at a
height #r above the ground.

For the motion until B hits the ground,

(2) give a reason why the magnitudes of the accelerations of the two particles are the

same,
(1)
(b) write down an equation of motion for each particle,
4)
(c) find the acceleration of each particle.
(3)

Particle B does not rebound when it hits the ground and A continues moving up the plane
towards P. Given that 4 comes to rest at the point ¥, without reaching P,

(d) find the distance XT in terms of &
(6)






Test Your Understanding (cdcxcel m1 may 2013(7) @3)

Figure 2

A fixed rough plane is inclined at 30° to the horizontal. A small smooth pulley P is fixed
at the top of the plane. Two particles 4 and B, of mass 2 kg and 4 kg respectively, are
attached to the ends of a light inextensible string which passes over the pulley P. The part
of the string from 4 to P is parallel to a line of greatest slope of the plane and B hangs
freely below P, as shown in Figure 2. The coefficient of friction between 4 and the plane

1
15 NEY Initially A is held at rest on the plane. The particles are released from rest with

the string taut and 4 moves up the plane.

Find the tension in the string immediately after the particles are released.
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