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4. A lifeboat slides down a straight ramp inclined at an angle of [5° to the horizontal. The
lifcboat has mass 800 kg and the length of the ramp 1s 50 m. The lifcboat 1s released from
rest at the top of the ramp and is moving with a speed of 12.6 m 57! when-it-reaches-the i
end of the ramp. By modelling the lifeboal as a particle and the ramp as a zmt@f@é\lﬁgﬁﬁm
planc, find the cocffictent of friction between the lifeboat and the ramp %jﬁ‘”ﬁﬁﬁiﬁ*
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4. A package of mass 6kg is held at rest at a fixed point 4 on a rough planc.

The plane is inclined at 30° to the horizontal.
slides down a line of greatest slope of the plane.

The package is released from rest and
The coefficient of friction between

The package is modelled as a particle.

!
the package and the plane is i

{a) Find the magnitude of the acceleration of the package.
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(6)
As it slides down the slope the package passes through the point B, where 48 = {0 m.
(b) Find the speed of the package as it passes through B.
2
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Figure 1

A particle /” of mass 5kg is held at rest in equilibrium on a rough inclined plane by a
horizontal force of magnitude 10N, The plane is inclined to the horizontal at an angle a

3
where tana = rE as shown in Figure 1. The line of action of the force lies in the vertical

plane containing P and a line of greatest slope of the plane. The ceefficient of friction
between P and the plane is . Given that P is on the point of sliding down the plane. find
the value of 4.
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Figure 2

A particle £ of mass 2 kg is pushed up a line of greatest slope of a
horizontal force of magnitude X newtons, as shown in Figure 2. Thy fofgg:i égiﬁ%*?zjugf‘:ﬁ?’;“
vertical plane which contains P and a line of greatest stope of the plane” " The plang™is

[ 9%}

inclined to the horizontal at an angle «. where tan o0 =

04:;

The coeflicient of friction between P and the plane is 0.5

Given that the acceleration of P is 1.45 m 575, find the value of X,

(10)
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Figure 2

TR FEAVET

A particle of mass 0.4 kg is held at rest on a fixed rough plane by a Horizontubdoreeot o
magnitude P newtons. The force acts in the vertical plane containing the line of greatest
slope of the inclined plane which passes through-the particle. The plane is inclined to the
horizontal at an angle &, where tana = %, as shown in Figure 2.

i i s : L
The coefficient of friction between the particle and the plane is .

Given that the particle is on the point of sliding up the plane, find

(a) the magnitude of the normal reaction between the particle and the plane,

(3

(b) the value of P,
3
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5. A particle of mass 0.8kg is held at rest on a rough plane. The plane is inclined at 30° to
the horizontal. The particle is released from rest and slides down a line of greatest slope
of the plane. The particle moves 2.7m during the first 3 seconds of its motion:-rind

(a) the acceleration of the particle.

(b the coefficient of friction belween the particle and the plane.

The particle is now held on the same rough plane by a horizontal férced vsfir st it o |
X newtons, acting in a plane containing a line of greatest slope of the plane, as shown in
Figure 3. The particle is in equilibrium and on the point of moving up the plane.
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Figure 3

(¢) Find the value ol X.
{7)
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Figure 1

A particle of weight W newtons is held i eguilibrium on a rough ide
horizontal force of magnitude 4 N. The force acts in a vertical plance containing a line of
greatest slope of the inclined plane. The plane is inclined to the horizontal at an angle «,

3 i
where tana = 3% shown in Figure 1.

The coctficient of friction between the particle and the plane is fi-

Given that the particle is on the point of sliding down the plane,

(i) show that the magnitude of the normal reaction between the particle and the planc is
20 N,

(it} find the value of W,
)
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Figure 2

A particle of weight 120 N is placed on a fixed rough plane which is inclined at an

angle o to the horizontal, where tane = %.
: - : .1
The coefficient of friction between the particle and the plane is >
The particle is held at rest in cquilibrium by a horizontal force of magnitude 30 N, which
acts in the vertical plane containing the line of greatest slope of the plane through the

particle, as shown in Figure 2.

(a) Show that the normal reaction between the particle and the planc has magnitude 114 N,
“)

Figure 3

The horizontal force is removed and replaced by a force of magnitude P ncwtons acting
up the slope along the line of preatest slope of the plane through the particle, as shown in
Figure 3. The particle remains in equilibrium.

(b) Find the greatest possible value of P.
G

(c) Find the magnitude and direction of the frictional force acting on the particle when
P=130.
(3)
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Figure 2 %
A
A particle P of mass 2 kg is hefd at rest in equilibrium on a rough plane by a constant force % :
of magnitude 40 N. The direction of the force is inclined to the plane at an angle of 30°. ?; _
The plane is inclined to the horizontal at an angle of 20°, as shown in Figure 2. The line .
of action of the force lics in the vertical plane containing I’ and a line of greatest slope of
the plane. The coetficient of friction between P and the plane is u.
Given that P is on the point of sliding up the plane, find the value of u
(19)
Py ) |
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Figure 2
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A particle P of mass 4 kg is moving up a fixed rough planc af a constang sﬁd&f?%‘%‘ﬂ?ﬁm%ﬁ o

under the action of a force of magnitude 36 N. The plang is inclined at 307 {o the horizontal.
The force acts in the vertical plane containing the line of greatest slope of the plane
through P, and acts at 30° to the inclined plane, as shown in Figure 2. The coefticient of
friction between P and the plane is g Find

(a) the magnitude of the normal reaction between £ and the planc,

4)

(b) the value of p.

(3)
The force of magnitude 36 N is removed.
(c¢) Find the distance that P wavels between the instant when the torce 1s removed and the

mstant when it comes to rest.

(3
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Figure 1
A boy is pulling a sledge of mass 8 kg in a straight linc at a constant spe
horizontal ground by means of a rope. The rope is inclined at 30°

shown in Figure 1. The coefticient of friction between the sledge and ¢

tension in the rope.

(8)
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Figure 1

A block of mass 50 kg lies on a rough plane which is inclined to the horizontal at an
7 s : :
angle ¢, where tang = 5" The block is held at rest by a vertical rope, as shown in

Figure |, and is on the point of sliding down the plane. The block is modetled as a particle
and the rope is modelied as a light inextensible string. Given that the friction force acting
on the block has magnitude 65.8 N, find

{a) the tension in the rope,

(4)

(b} the coefficient of friction between the block and the plane.

(4)
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Figure 1

% 5 2 5 <3
A fixed rough plane is inchined to the horizontal at an angle ¢, where tana = A

A small box of mass # is at rest on the plane. A force of magnitude Amg, where k is a
constant, is applied to the box. The line of action of the force is at angle « o the line of
greatest slope of the plane through the box. as shown in Figure 1, and lies in the same
vertical planc as this line of greatest slope. The coetticient of friction between the box and
the plane is #. The box is on the point of slipping up the plane. By modeiling the box as
a particle, find k in terms of u.

(an)
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Figure 1

A box of mass 2 kg is held in equilibrium on a fixed rough inclined plane by a rope. The
rope lies in a vertical plane containing a line of greatest slope of the inclined planc. The
rope is inclined to the plane at an angle &, where tan ¢ = 4 and the plane is at an angle of
30° to the horizontal, as shown in Figure 1. The cocfficient of [riction between the box and
the inclined plane is 5 and the box is on the point of slipping up the plane. By modclling
the box as a particle and the rope as a light inextensible string, find the tension in the rope.

(8)
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Figure 2

Abox of mass 5 kg lies on a rough plane inclined at 30° to the horizontal. The box is held
in equilibrium by a horizontal force of magnitude 20 N, as shown in Figure 2, The force
acts m a vertical planc containing a line of greatest slope of the inclined plane.

The box 15 in equilibrium and on the point of moving down the plane. The box is modelled
as a particle.

Find
(a) the magnitude of the normal reaction of the plane on the box,

(4)
(b) the coefficient of friction between the box and the planc.

(3)
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Figure 3
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A particle P of mass 4 kg is held at rest at the point 4 on a rough plane which is inclined
at 30° to the horizontal. The point B lies on the line of greatest slope of the plane that
passes through .. The point B is § m down the plane from A, as shown in Figure 3. The
coefficient of friction between the plane and P is 0.3

The particle is refeased from rest at .4 and slides down the planc.

(a) Find the speed of F at the instant it reaches B.

N

HN
A

36°

Figure 4

The particle is now returned to A and 1s held in equilibrium by a horizontal force of
magnitude H newtons, as shown in Figure 4. The line of action of the force lics in the
vertical plane containing the line of greatest slope of the plane through 4. The particle is
on the point of moving up the planc.

(b) Find the value of H.
(7
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Figure 1

A particle of mass 2 kg lies on a rough plane. The plane is inclined to the horizontal at 30°.

Cyav sLnralNmionoe

1 :
The coefficient of friction between the particle and the plane is i The particle is held

in equilibrium by a force of magnitude P newtons. The force makes an angle of 20° with
: the horizontal and acts in a vertical plane containing 2 line of greatest slope of the plane,
as shown in Figure 1. Find the lcast possible value of 7.

{10)
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Figure 2

A rough plane is inclined at 40° to the horizontal. Two points A and B are 3 metres apart
and lic on a line of greatest slope of the inclined plane, with 4 above B, as shown in
Figure 2. A particle P of mass m kg is held at rest on the plane at 4. The coefficient of

- 1 i 1 g
friction between F and the plane is 5 The particle is released.
{a) Find the acceleration of I down the plane.
(5

(b) Find the speed of P at B.
2)
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