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A small ring P of mass 0.03 kg is threaded on a rough vertical rod. A light inextensible string is
attached to the ring and is pulled upwards at an angle of 15° to the horizontal. The tension in the
string is 2.5 N (see diagram). The ring is in limiting equilibrium and on the point of sliding up the
rod. Find the coeflicient of friction between the ring and the rod. [4]
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2 A particle is projected vertically upwards with speed 30 ms~! from a point on horizontal ground.

(i) Show that the maximum height above the ground reached by the particle is 45 m. [2]

(ii) Find the time that it takes for the particle to reach a height of 33.75 m above the ground for the
first time. Find also the speed of the particle at this time. [4]
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Four coplanar forces of magnitudes F'N, 5N, 25N and 15N are acting at a point P in the directions
shown in the diagram. Given that the forces are in equilibrium, find the values of F' and a. [6]

© UCLES 2019 9709/42/F/M/19



© UCLES 2019 9709/42/F/M/19 [Turn over



6

4 A car of mass 1500kg is pulling a trailer of mass 300 kg along a straight horizontal road at a constant
speed of 20m s~!. The system of the car and trailer is modelled as two particles, connected by a light
rigid horizontal rod. The power of the car’s engine is 6000 W. There are constant resistances to motion
of RN on the car and 80 N on the trailer.

(i) Find the value of R. [2]
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The power of the car’s engine is increased to 12 500 W. The resistance forces do not change.

(ii) Find the acceleration of the car and trailer and the tension in the rod at an instant when the speed
of the caris 25ms™!. [5]
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The velocity of a particle moving in a straight line is vms~! at time ¢ seconds after leaving a fixed
point O. The diagram shows a velocity-time graph which models the motion of the particle from ¢ = 0
to t = 16. The graph consists of five straight line segments. The acceleration of the particle from z = 0

to ¢ = 3 is 3ms~2. The velocity of the particle at # = 5 is 7ms~! and it comes to instantaneous rest at

t = 8. The particle then comes to rest again at # = 16. The minimum velocity of the particle is Vms™!.

(i) Find the distance travelled by the particle in the first 8 s of its motion. [3]
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(ii) Given that when the particle comes to rest at = 16 its displacement from O is 32 m, find the
value of V. [4]
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6 A particle moves in a straight line. It starts from rest at a fixed point O on the line. Its acceleration at

1
time ¢ s after leaving O is am 5_2, where a = 0.41% — 4.872.

(i) Show that, in the subsequent motion, the acceleration of the particle when it comes to
instantaneous rest is 16 ms™2. [6]
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(ii) Find the displacement of the particle from O at ¢ = 5. [3]
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The diagram shows the vertical cross-section POR of a slide. The part PQ is a straight line of length
8 m inclined at angle « to the horizontal, where sin o = 0.8. The straight part PQ is tangential to the
curved part OR, and R is hm above the level of P. The straight part PQ of the slide is rough and the
curved part QR is smooth. A particle of mass 0.25 kg is projected with speed 15 ms~! from P towards
O and comes to rest at R. The coefficient of friction between the particle and PQ is 0.5.

(i) Find the work done by the friction force during the motion of the particle from P to Q. [4]
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(ii) Hence find the speed of the particle at Q. [4]
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Additional Page

If you use the following lined page to complete the answer(s) to any question(s), the question number(s)
must be clearly shown.
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