4

3 A block of mass 8kg slides down a rough plane inclined at 30° to the horizontal, starting from rest.
The coeflicient of friction between the block and the plane is u. The block accelerates uniformly down
the plane at 2.4 ms™2.

(a) Draw a diagram showing the forces acting on the block. [1]

(b) Find the value of p. [4]

(¢) Find the speed of the block after it has moved 3 m down the plane. [1]
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2 A particle P of mass 0.4kg is in limiting equilibrium on a plane inclined at 30° to the horizontal.

(a) Show that the coefficient of friction between the particle and the plane is %\5 [3]

A force of magnitude 7.2 N is now applied to P directly up a line of greatest slope of the plane.

(b) Given that P starts from rest, find the time that it takes for P to move 1 m up the plane. [4]
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5  Astraight slope of length 60 m is inclined at an angle of 12° to the horizontal. A bobsled starts at the top
of the slope with a speed of 5ms ™. The bobsled slides directly down the slope.

(a) Itis given that there is no resistance to the bobsled’s motion.

Find its speed when it reaches the bottom of the slope. (3]
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(b) Itis given instead that the coefficient of friction between the bobsled and the slope is 0.03 .

Find the time that it takes for the bobsled to reach the bottom of the slope. [5]
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4 A particle of mass 12 kg is stationary on a rough plane inclined at an angle of 25° to the horizontal.
A force of magnitude P N acting parallel to a line of greatest slope of the plane is used to prevent the
particle sliding down the plane. The coefficient of friction between the particle and the plane is 0.35.

(a) Draw a sketch showing the forces acting on the particle. [1]
(b) Find the least possible value of P. [5]
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4 A particle of mass 12 kg is stationary on a rough plane inclined at an angle of 25° to the horizontal. A
pulling force of magnitude P N acts at an angle of 8° above a line of greatest slope of the plane. This
force is used to keep the particle in equilibrium. The coefficient of friction between the particle and
the plane is 0.3.

Find the greatest possible value of P. [6]
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A block of mass 12kg is placed on a rough plane inclined at an angle of a to the horizontal, where
o = tan '0.5. A force of X N is applied to the block, directly up the plane (see diagram). The coefficient
of friction between the block and the plane is x.

(a) Itis given that £ = 0.15 and X = 20.

Find the time that it takes for the block to move 2m down the plane from rest. [6]
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(b) Itis given instead that x # 0.15 and that when X = 10, the block is on the point of moving down
the plane.

Find the value of x and the value of X for which the block is on the point of moving up the plane.
[4]
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A particle of mass 0.8kg lies on a rough plane which is inclined at an angle of 28° to the horizontal.
The particle is kept in equilibrium by a force of magnitude 7' N. This force acts at an angle of 35° above
a line of greatest slope of the plane (see diagram). The coefficient of friction between the particle and
the plane is 0.2 .

Find the least and greatest possible values of 7. (8]
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A particle of mass 0.6kg is placed on a rough plane which is inclined at an angle of 35° to the
horizontal. The particle is kept in equilibrium by a horizontal force of magnitude PN acting in a
vertical plane containing a line of greatest slope (see diagram). The coefficient of friction between the
particle and plane is 0.4.

Find the least possible value of P. [6]
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A block of mass 12kg is placed on a plane which is inclined at an angle of 24° to the horizontal. A
light string, making an angle of 36° above a line of greatest slope, is attached to the block. The tension
in the string is 65N (see diagram). The coeflicient of friction between the block and plane is u. The
block is in limiting equilibrium and is on the point of sliding up the plane.

Find u. [6]
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A block of mass 8kg is placed on a rough plane which is inclined at an angle of 18° to the horizontal.
The block is pulled up the plane by a light string that makes an angle of 26° above a line of greatest
slope. The tension in the string is TN (see diagram). The coeflicient of friction between the block
and plane is 0.65.
(a) The acceleration of the block is 0.2m s72.
Find T. [7]
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(b) The block is initially at rest.

Find the distance travelled by the block during the fourth second of motion. [2]

© UCLES 2022 9709/41/0O/N/22 [Turn over

www.pastpaperpenguin.com



* 0000800000008 *

6

A particle of mass 1.2kg is placed on a rough plane which is inclined at an angle 6 to the horizontal,

7

where sin 6 = 5z. The particle is kept in equilibrium by a horizontal force of magnitude P N acting in a

vertical plane containing a line of greatest slope (see diagram). The coefficient of friction between the
particle and the plane is 0.15 .

Find the least possible value of P. [6]
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6 A block of mass 5 kg is placed on a plane inclined at 30° to the horizontal. The coefficient of friction
between the block and the plane is p.

(a)
Fig. 6.1
When a force of magnitude 40 N is applied to the block, acting up the plane parallel to a line of
greatest slope, the block begins to slide up the plane (see Fig. 6.1).
Show that i < 14/3. [4]
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(b)
Fig. 6.2
When a force of magnitude 40 N is applied horizontally, in a vertical plane containing a line of
greatest slope, the block does not move (see Fig. 6.2).
Show that, correct to 3 decimal places, the least possible value of uis 0.152. [4]
© UCLES 2020 9709/42/0/N/20 [Turn over
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A block B, of mass 2kg, lies on a rough inclined plane sloping at 30° to the horizontal. A light rope,
inclined at an angle of 20° above a line of greatest slope, is attached to B. The tension in the rope
is T N. There is a friction force of F'N acting on B (see diagram). The coefficient of friction between

B and the plane is u.

(a) Itis given that F = 5 and that the acceleration of B up the plane is 1.2ms 2.

(i) Find the value of T. [3]
(ii) Find the value of pu. [3]
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(b) Itis given instead that u = 0.8 and T = 15.

Determine whether B will move up the plane. [3]
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Three points A, B and C lie on a line of greatest slope of a plane inclined at an angle of 30° to the
horizontal, with AB = 1 m and BC = 1 m, as shown in the diagram. A particle of mass 0.2kg is
released from rest at A and slides down the plane. The part of the plane from A to B is smooth. The
part of the plane from B to C is rough, with coefficient of friction p between the plane and the particle.

(a) Given that u = %\/g, find the speed of the particle at C. [8]
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A particle of mass 2.5 kg is held in equilibrium on a rough plane inclined at 20° to the horizontal by a
force of magnitude 7' N making an angle of 60° with a line of greatest slope of the plane (see diagram).
The coefficient of friction between the particle and the plane is 0.3.

Find the greatest and least possible values of 7. [8]
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A particle P of mass 0.3kg rests on a rough plane inclined at an angle 6 to the horizontal, where

sin 0 = 27—5 A horizontal force of magnitude 4 N, acting in the vertical plane containing a line of

greatest slope of the plane, is applied to P (see diagram). The particle is on the point of sliding up the
plane.

(a) Show that the coefficient of friction between the particle and the plane is %. [4]

The force acting horizontally is replaced by a force of magnitude 4 N acting up the plane parallel to a
line of greatest slope.

(b) Find the acceleration of P. [3]
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(¢) Starting with P at rest, the force of 4 N parallel to the plane acts for 3 seconds and is then removed.

Find the total distance travelled until P comes to instantaneous rest. [3]
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30° 30°
B C

The diagram shows a track ABCD which lies in a vertical plane. The section 4B is a straight line
inclined at an angle of 30° to the horizontal and is smooth. The section BC is a horizontal straight line
and is rough. The section CD is a straight line inclined at an angle of 30° to the horizontal and is rough.
The lengths AB, BC and CD are each 2m.

A particle is released from rest at 4. The coefficient of friction between the particle and both BC and CD
is 4. There is no change in the speed of the particle when it passes through either of the points B or C.

(a) Itis giventhat 4 =0.1.
Find the distance which the particle has moved up the section CD when its speed is I m st [5]
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(b) It is given instead that with a different value of u the particle travels 1 m up the track from C
before it comes instantaneously to rest.

Find the value of x and the speed of the particle at the instant that it passes C for the second time.
[4]
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