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Question 1  (*%)

TN

__

The figure above shows a small box of mass 10 kg, pulled by a rope inclined at 30°
to the horizontal, along rough horizontal ground.

Z

The tension in the rope is 7N and the box 1s accelerating at 0.4 ms .

The box is modelled as a particle experiencing a frictional force of 12N and a normal
reaction of R N.

Determine the value of T and the value of R.

T=185N|,|R=88.8N

9

Created by T. Madas



Created by T. Madas

Question 2 (*%)

30N

__

The figure above shows a small box of mass 15 kg, pulled by a rope inclined at 50°
to the horizontal, along rough horizontal ground.

Z

The tension in the rope is 30N and the particle is accelerating at a s s

The box is modelled as a particle experiencing a normal reaction of R N and a

constant frictional force of magnitude %R N.

Determine the value of a.

a=0.459 ms™?
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Question 3 (*%)

TN

The figure above shows a box, of mass 16 kg, on a plane inclined at an angle @ to the
4

horizontal, where tan @ = 3

The box is pulled up the plane by a rope whose tension is 7 N acts in the direction of

the greatest slope, causing an acceleration of 0.25 ms ™.

The box is also experiencing friction of magnitude %R N down the plane, where RN

is the normal reaction between the box and the plane.

By modelling the box as a particle, find the value of R and the value of T .

R=94.08 N|, |T =176.48 N
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Question 4  (*%)

200N

40°

20°

The figure above shows a box, of mass 17 kg, on a plane inclined at an angle of 20°
to the horizontal.

A force of 200N, acting at an angle of 40° to the direction of the greatest slope of the
plane, is pulling the box up the plane.

The box is also experiencing friction of magnitude R N, where R is the normal
reaction between the box and the plane and u is a constant.

The box is accelerating up the plane at 5 ms™ 2.

By modelling the box as a particle, find the value of R and the value of 4.

IR ~28.0

1 =~0.401
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Question 5 (**+4)

A lift, of mass M kg, is pulled up a vertical mineshaft by a cable attached to the top
of the lift. A man of mass m kg is standing inside the lift.

The lift is uniformly accelerating upwards at 0.8 ms™ .

The man experiences a constant normal reaction of magnitude 901 N from the floor
of the lift and there is a constant tension of 17861 N in the cable of the lift.

Determine the value of m and the value of M .

:

m=385 kg

2

M =1600 kg|
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Question 6  (**%)

PN

20°

40°

The figure above shows a box, of mass 10 kg, on a plane inclined at an angle of 40°
to the horizontal.

A force of magnitude P N, acting at an angle of 20° to the direction of the greatest
slope of the plane, is pulling the box up the plane.

The box is also experiencing ground friction of magnitude %R N, where R is the

normal reaction between the box and the plane.

The box is accelerating up the plane at 0.5 ms 2.

By modelling the box as a particle, find the value of P and the value of R.

P =88.2768...|, |R = 44.8798...

2
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Question 7  (¥%%)

37N

The figure above shows 3 forces, which all lie on the same plane, acting on a particle
of mass m kg . The particle remains in equilibrium when the magnitudes of these 3

forces and their relative directions are those shown in the figure.

When the 35 N force is suddenly removed the particle begins to move with constant

acceleration of magnitude 14 ms .

Determine the value of m .

m=2.5]|
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Question 8  (*¥**4)

————-—-——800 tonnes

The figure above shows a ship, of mass 800 tonnes, being pulled by two tugs using
horizontal cables, so that the ship is moving in a straight line L.

One tug exerts a force of 126 kN, at an angle of 30° to L.

The other tug exerts a force at an angle of 15° to L.

The ship is accelerating along L at 0.05 ms 2 .

Determine the magnitude of the resistance opposing the motion of the ship.

:

R =304238.4018... = 304000 N
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Question 9 (¥**4)

20N

A particle of mass 80 kg is accelerating in the direction AB .

Four horizontal forces of different magnitudes are acting on the particle.

The magnitude and direction of these four forces, together with other important
information is shown in the figure above.

Find the acceleration of the particle.

[ ], |025ms™?
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Question 10  (**%4)

40°

A particle P slides with constant acceleration down the line of greatest slope of a
rough plane inclined at 40° to the horizontal.

The particle covers a distance AB, where |AB| =22 m,in 4 s.

a) Given the speed of P at A is 3 ms ™! , calculate ...
i. ...thespeedof P at B.
ii. ... the acceleration of P .

b) Hence find the coefficient of friction between the particle and the plane.

[ 1. |v=8ms !}, |a=125ms2|, [4~0.673
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Question 11  (**%4)

A box B of mass 1.25 kg is pulled along rough horizontal ground by a force of

magnitude 12 N inclined at 30° to the horizontal, as shown in the figure above. The
box is modelled as a particle moving on a rough horizontal plane where coefficient of
friction between the particle and the plane is 0.25.

a) Determine the acceleration of the box.

The pulling force is suddenly removed when the box has a speed of 7.35 ms™'.

b) Find the time it takes the box to come to rest from the instant the pulling force
was removed.

|:|, a=7.06ms? |, [r=3s
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Question 12 (**%4)

70 N

B ~Z1_L-l2__

A box B of weight 147 N is pulled at constant speed on rough horizontal ground by
a pulling force of magnitude 70 N inclined at 30° to the horizontal, as shown in the
figure above. The box is modelled as a particle moving on a rough horizontal plane
where the coefficient of friction between the particle and the plane is « .

a) Determine the value of .

The pulling force is suddenly removed and the box decelerates uniformly coming to
rest after covering a further 12.25 m.

b) Find the speed of the box at the instant when the pulling force was removed.

L 1 ﬂ:%ﬁzo.sm , |u=11.39990952... ms™'
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Question 13 (**%4)

XN

A box of mass 2 kg, is pushed up a rough plane inclined at an angle @ to the

horizontal, where tan @ = % , by a horizontal force X N, as shown in the above figure.

The force acts in a vertical plane, which contains the box and a line of greatest slope
of the plane. The coefficient of friction between the box and the plane is % .

The box is accelerating up the plane at 1.45 ms™.

By modelling the box as a particle, find the value of X .

| X =45]
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Question 14  (**%4)

A lift, of mass 400 kg, is being lowered into a vertical mineshaft by a cable attached
to the top of the lift. A load of mass 80 kg is sitting firm on the floor inside the lift.
The lift is lowered with constant downward acceleration.

There is a constant resistance of magnitude F N opposing the motion of the lift.

The load experiences a constant normal reaction of magnitude 768 N from the floor
of the lift and there is a constant tension of 4500 N in the cable of the lift.

Determine the value of F .
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Question 15 (**%4)

30N

A small box, modelled as a particle of mass 2 kg, is pushed up a rough plane inclined

at an angle « to the horizontal, where tana ==, by a horizontal force 30 N, as

ENY[OV)

shown in the above figure.

The force acts in a vertical plane, which contains the box and a line of greatest slope
of the plane. The box starts from rest and accelerates a distance of 5.5 m up the plane,
in 2 seconds.

Determine the value of the coefficient of friction between the box and the plane.
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Question 16  (**%4)

A particle of mass 0.5 kg, is projected with speed of 7 ms ™! up the line of greatest
slope of a rough plane inclined at an angle 30° to the horizontal. The particle
experiences no other resistance except ground friction. The coefficient of friction
between the particle and the plane is 0.3.

a) Given the particle comes to instantaneous rest before it reaches the end of the
plane, find the distance it moves up the plane.

b) Determine the time it takes the particle to return from its highest position on
the plane to its original starting position.

d=329m|, [t=1.67s
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Question 17  (***+)

When a particle is gently placed on a rough plane inclined at an angle of 30° to the
horizontal, it is at the point of slipping down a line of greatest slope of the plane.

43 N

30°

When a horizontal force of magnitude 43 N is acting on the same particle and on

the same incline plane, as shown in the above figure, the particle is accelerating up a

line of greatest slope of the plane with constant acceleration 0.2 ms™.

This horizontal force acts in-a vertical plane, which contains the box and a line of
greatest slope of the plane.

Determine the mass of the particle.

,[m=04 kg
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Question 18  (¥*%%)

A child of mass m kg, is sitting over the shoulders of his father whose mass is 80 kg .
The father, with the child over his shoulders, is standing in a lift of mass 800 kg .

When the tension in the cable of the lift is 9050 N, the lift and its occupants is
accelerating, with the shoulders of the father exerting a force of 250 N on the child.

Determine the value of m .
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Question 19  (¥*%%¥)

A particle is projected from a point A, down the line of greatest slope of a smooth

incline plane and moves along a straight line with constant acceleration of 7.84 ms™.

The particle experiences a constant normal reaction force of magnitude 29.4 N,
throughout its motion.

a) Determine the mass of the particle.

The particle reaches the point B, 2.5 s after being projected and the point C, 1.5 s
after passing through B .

b) Given further that the distance AC is 100 m greater than the distance AB,
find the projection speed and the distance AB .

, [m=5kg|, u=10.6 ms™" z |AB|:51rn
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Question 20

A particle is projected down the line of greatest slope of a rough incline plane and

moves along a straight line with constant acceleration @ ms™ - .

The particle achieves a speed of 24 ms™', 7s after projection and covers 180 m in

(ekdey)
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the first 10 seconds of its motion.

a) Assuming that the above described motion takes place entirely on the slope of

the plane, determine the value of a.

4

The plane is inclined at arctan§ to the horizontal.

2

b) Calculate the coefficient of friction between the particle and the plane.

a=3

b

147

|u=121_0823
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Question 21 (***%4)

A box of weight 735 N is pulled up a line of greatest slope of a smooth incline plane
by a constant force F, of magnitude 708 N, which acts in a direction parallel to the
line of greatest slope which the box is moving on.

The plane is inclined at arcsin% to the horizontal.

The box starts from rest from point A on the plane and when it achieves a speed of

8 ms ! , I’ is removed.

Show that the box returns to- A , approximately 3% seconds after F is removed .

proof

Created by T. Madas



Created by T. Madas

Question 22  (***%4)

A puck is struck and given an initial speed of 14 ms™! along an ice rink.

The puck travels in a straight line for 50 m until it hits the padding at the end of the
rink, rebounding at half the speed with which it had before the impact with the
padding.

After rebounding the puck travels in a straight line coming to a stop at the exact point
at which it had originally been struck from.

Be modelling the puck as a particle and ignoring air resistance, determine the
coefficient of friction between the puck and the rink.
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Question 23 (Gk¥¥EF)

A child is sitting over the shoulders of his father whose mass is 100 kg .
The father, with the child over his shoulders, is standing in a lift of mass 900 kg .

When the tension in the cable of the lift is 10200 N, the lift and its occupants is
accelerating, with the child exerting a force of 200 N on the shoulders of his father.

Find the magnitude of the force exerted by floor of the lift to the feet of the father.

, |[R=1200"N
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Question 24 (Gk¥¥EF)

A particle of mass 6 kg, is pulled by a light inextensible string along a rough
horizontal surface, where the coefficient of friction between the particle and the

surface 1s 0.75.

The string is inclined at an acute angle to the horizontal.

If the tension in the string remains constant at 60 N, but the angle in the string can
vary, determine the greatest magnitude of the acceleration of the particle.

[ 1 |ane =515 ms??
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Question 25 (FHHEE)
A v(ms 1)
(o)) JEET :
B A T
t(s)
0 6‘ >
i 47 — A T

A particle of mass 2 kg is released from rest from a point A on an incline plane and
begins to move down a line of greatest slope of the plane.

The plane has a different coefficient of friction at different sections so the resistance
to the motion of the particle has different values at different sections of the plane, as
the particle slides down.

The particle accelerates uniformly to a speed of 9 ms ! in 6 s as it reaches point B .

The coefficient of friction increases at B so the particle continues to slide down with

constant deceleration for 10 s achieving a speed of 5 ms ™ as it reaches point C.

At C the particle is instantaneously projected with speed U ms™, up a line of
greatest slope of the plane, coming to rest at B.

If the normal reaction between the plane and the particle has a magnitude of 15.68 N,
determine the value of U , correct to 2 decimal places.

, (U =4/1702.4 = 41.26

[solution overleaf]
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