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Figure 1

A small box of mass 3 kg moves on a rough plane which is inclined at an angle of 20° to
the horizontal.

The box is pulled up a line of greatest slope of the plane using a rope which is attached to
the box.

The rope makes an angle of 30° with the plane, as shown in Figure 1.

The rope lies in the vertical plane which contains a line of greatest slope of the plane.
The coefficient of friction between the box and the plane is 0.3.
The tension in the rope is 25 N.

The box is modelled as a particle, the rope is modelled as a light inextensible string and air
resistance is ignored.

(a) Using the model, find the acceleration of the box.
(7)

(b) Suggest one improvement to the model that would make it more realistic.

(1)

The rope now breaks and the box slows down and comes to rest.

(c) Show that, after the box comes to rest, it immediately starts to move down the
plane.
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Page 25
Notes: I
2a | M1 | Complete method to obtain an equation in F only.
@) For each equation used, correct no. of terms, dimensionally correct, condone sin/cos
confusion and sign errors, each term that needs to be resolved must be resolved.
A1l | Correct equation in F only, trig does not need to be substituted
Al | cao (must be positive)
cao. Note that this mark is dependent on an answer of 9.8 or -9.8 for (a)(i) from a fully
2a correct solution unless they have used g = 9.81, in which case the answer will be 9.7 or
. Al | —9.7 (2sf) see SC2 below.
(i) N.B. Allow this mark, if their answer to (a)(i) is fully correct apart from a small error
due to use of inaccurate trig i.e using an angle 36.9°
SC 1: If they use xR at any point (with an unknown £¢) for F' in part (a), can score
(a)(i) max MIA1AO0
(a) (i) A1, where they must have obtained R =9.8 or — 9.8, from correct
working.
SC 2:
If g = 9.81 is used consistently throughout 2(a), (leading to X=48.9...and F'=9.7
(2sf)) can score max (a)(i) M1A1AO (a)(i1) Al
b | Ml Correct no.of terms, dimensionally correct, condone sin/cos confusion and sign errors,
each term that needs to be resolved must be resolved.
A1l | Correct equation for their F.
Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors,
M1 | each term that needs to be resolved must be resolved.
(N.B. MO if R = 68.6 (N) is used in this equation)
Al Correct equation
M1 | Could be seen on a diagram (N.B. MO if R = 68.6 (N) is used)
Al Cao. Must be positive.






