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Connected particles

Question 3 (¥¥%)

Z

Two particles A and B of respective masses 3 kg and m kg are each attached to the
two ends of a light inextensible string which passes over a smooth pulley P. The two
particles are held at rest, both at a height of 1.28 m above a horizontal floor with the
portions of the strings not in contact with the pulley vertical.

The system of the two particles is then released from rest with B accelerating towards

the floor at 1.96 ms™>, while A never reaches P.
a) For the period before B reaches the floor, calculate the tension in the string.
b) Determine the value of m.
c) Calculate the speed with which B strikes the floor.

When B reaches the floor it remains at rest.

d) Determine the greatest height above the floor reached by A .

T=3528N|, [m=45], |[v=224 ms™" |, [h, =2.816 m
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Question 4 (F%%)

Two particles A and B, of mass 2 kg and 5 kg respectively, are attached to each of
the ends of a light inextensible string. The string passes over a smooth pulley P, at
the top of a fixed rough plane, inclined at 30° to the horizontal.

Particle A is placed at rest on the incline plane while B is hanging freely at the end
of the incline plane vertically below P, as shown in the figure above. The two
particles, the pulley and the string lie in a vertical plane parallel to the line of greatest
slope of the incline plane.

The particles are released from rest with the string taut. Particle A begins (o move up
the incline plane, where the coefficient between A and the plane is %\ﬁ

Ignoring air resistance, calculate the tension in the string immediately after the
particles are released.
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Question 8 (#*%4)

A car of mass 1500 kg is towing a trailer of mass 1000 kg by means of a light
inextensible rope. The car is experiencing a constant air resistance of 200 N, while
the corresponding constant air resistance on the trailer is 300 N.

The car and trailer are modelled as particles, with the tow rope remaining taut and
horizontal throughout the motion.

a) Given driving force of the car is 750 N, determine ...
i. ... the acceleration of the system.
ii. ... the tension in the tow rope.

Later in the journey, the car and the trailer are ascending on a road which inclined at
5° to the horizontal. The air resistance on the car and trailer are unchanged.

b) Assuming that the system now moves with constant speed, calculate ...
i. ... anew figure for the tension in the tow rope.

ii. ... anew figure for the driving force of the car..

, T=400N|, |T=1154 N|, |D=2635N
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A particle A of mass 5 kg is connected to small box B of mass 7.5 kg by a light
inextensible string. The string passes over a light smooth pulley P, which is located
at the end of a rough horizontal house roof. The box is held on the roof with the
particle hanging vertically at the end of the roof, as shown in the figure above.

The coefficient of friction between the box and the roof is 0.2.
The system is released from rest with the string taut.
a) Determine in any order...
i. ... the acceleration of the system.
ii. ... the tension in the string.

On release B is at a distance d m from P. When A has moved a distance of 2.8 m
the string breaks. In the subsequent motion B comes to rest as it reaches P.

b) Calculate the value of .

a=2744ms 2|,

T=3528N|.|[d=672m
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Dynamics

Question 9 (¥¥%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=7.06 ms™> .r=3s

Question 13 (¥%%4)
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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 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 starts from rest and travels a distance of 5.5 m up the plane, in 2 seconds.

Determine the value of the coefficient of friction between the particle and the plane

1 =0.200

Question 16 (#%%%)
A particle is projected down the line of greatest slope of a rough incline plane and

moves along a straight line with constant acceleration a ms™2 .

The particle achieves a speed of 24 ms™,

the first 10 seconds of its motion.

7 s after projection and covers 180 m in

a) Assuming that the above described motion takes place entirely on the slope of
the plane, determine the value of a.

The plane is inclined at arctan% to the horizontal.

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

a=3, lu=121-0323
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Statics

Question 15 (##%)

A 2m B
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The points A and B are 2 m apart and lie on a fixed horizontal ceiling. A particle C,
of weight 100 N, is suspended by two strings from A and B, so that AC=0.56 m
and BC=1.92 m as shown in the figure above. The particle hangs in equilibrium.

a) Show clearly that LACB=90°.
b) Calculate the tension in each of the two strings.

The particle is next suspended by two different strings from A and B, so that
AC=0.8m and BC=2.5m.

The particle still hangs in equilibrium.

¢) Show further that the tension in the string AC is 100 N.

L1

Tye =28 N

Tyc=9N

B




Question 18 (%%

{200

A box of mass 60 kg is held in limiting equilibrium, on a fixed rough inclined plane,
by a rope. The plane is at an angle of 20° to the horizontal, as shown in the figure
above.

The rope lies in a vertical plang containing a line of greatest slope of the incline plane
and is inclined to the plane at an angle 35°.

The rope is modelled as a light inextensible siring and the box is modelled as a
particle. The coefficient of friction between the box and the plane is Il

Determine the least possible tension in the rope.




Kinematics

Question 7 (##%)

A car is travelling along a straight horizontal road. It starts from rest at point A and
accelerates uniformly at a ms~2, reachin gaspeed of 18 ms™'.

The car then travels at constant speed for T s. Finally the car begins to decelerate
uniformly at 0.75 ms ™~ coming to rest at point B .

a) Sketch a speed time graph to show the motion of the car from A to B.
b) Determine the time for which the car decelerates.

It is further given that the car accelerates for %T s and the distance AB is 1512 m.

¢) Calculate ...
i. ... thevalueof T.
ii. ... the value of a.

d) Sketch an acceleration time graph to show the motion of the car from A to B.



Question 14  (###%)

Two trains, 7} and 7>, start together from rest, at time =0, at a station A and move
along parallel straight horizontal tracks.

Both trains come to rest at the next station B after 240 s.

e T, moves with constant acceleration 0.9 ms™ for 40 s, then moves at constant
speed for 160 s, and then moves with constant deceleration for the last 40 s.

e T, moves with constant acceleration for 120 s, and then moves with constant
deceleration for the last 120 s.

a) Sketch, on the same axes, the speed—time graphs for the motion of the two
trains between the two stations.

b) Find the acceleration of T, for the first 120 s of its journey.
c) Determine the times when 7} and 75 are moving with the same speed.

d) Calculate the distance between 7} and 7, ., 80 safter they start.



Question 7 (##%4)

- . . . - . . -2
A particle is travelling along a straight line with constant acceleration a ms™ .

The points A, @ and B lie in that order on this straight line, as shown in the figure
above. The distance AO is 3 m and the distance OB is 6 m.

1

The particle is initially observed passing through O with speed ¥ ms™ and 4 s later

is observed to be passing through B with speed 7 ms™', in the direction OB .
a) Find in any order the value of @ and the value of u.

b) Prove that the particle never passes through A.

|u=—4 ﬂ=2,?5|
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Question 12 (F#%%)
A particle is projected vertically upwards with speed ¥ ms™', from a balcony which

lies 6.4 m above level horizontal ground.

The particle is moving freely under gravity and strikes the ground 4 s later with

speed v ms™!.

Calculate in any order the value of u and the value of v.
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Variable acceleration

Question 8 (¥%%4)

A particle P is moving on the x axis and its velocity v ms
direction, ¢ seconds after a given instant, is given by

2
v=t"-2

t—24,1t20.

When ¢t =3, P is observed passing through the origin

a) Find the acceleration of P when t=3.

in the positive x

b) Determine the distance of P from O when it is instantaneously at rest

¢) Find the time at which P is passing through O again.

a=4ms 2|, |[d =36m|.

t =72 =8.49
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Question 10 (%)

- . . - . - iy
A particle P is moving on the x axis and its acceleration @ ms™ ", ¢t seconds after a

given instant, is given by

a=4t-9, t=20.

When r=1, P is moving with a velocity of —3 ms™".

a) Find the minimum velocity of P.

b) Determine the times when P is instantaneously at rest.

c¢) Find the distance travelled by P in the first 4% seconds of its motion.

Vmin

=—6.125ms™! s

=1
t=3.
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Question 7 (*##4)

The acceleration a ms™> of a particle P of mass 0.2 kg, ¢ s after a given instant is
given by

a=(2—4)i+3j, 120,

where i and j are unit vectors pointing along the positive x axis and along the
positive y axis, respectively.

a) Find the magnitude of the resultant force acting on P, when r=4.

It is further given that when +=0, P is at the point A with position vector
(—18i—24j) m and has velocity (3i—9j) ms~".

b) Find the value of + when the particle is at rest.
¢) Show that when r=6, P ison the y axis and state its distance from A.

d) Determine the value of + when the particle is on the x axis.
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Question 8 (¥%¥%¥¥)

The position vector, velocity and acceleration of a particle P, t s after a given instant

1 2

are denotedby rm ., vms™ and a ms~

When =1, r=9i+2j and v=13i+j, where i and j are unit vectors pointing due
east and due north, respectively.

It is further given that P has a constant acceleration of 6i ms 2.
a) Determine the distance of P from the origin O, when 1 =3.

b) Show that P is moving on the curve with equation

)
x=3y"+y-5.




Moments

Question 9 (%)

The figure above shows a uniform rod AB of length 1.8 m and mass 3 kg, held in a
horizontal position by two small smooth pegs C and D.

A particle of mass 12 kg, is placed at B.

Given that AC|=0,3 m and |CD =0.4 m, determine the magnitude of each of the
forces exerted on the rod by the pegs.

R.=338.1N

R,=485.1N

.




S 52 1 06 @ad =
v
R,
3 L 4 1 12a
| ]
- 4 I
[ (
1 0 +
Question 14 (#5%4)
wire
A  ——— -
A
100 N 800 N

A thin rigid non uniform beam AB of length 6 m and weight 800 N has its centre
of mass at & . where AG =4 m . An additional weight of 100 N is fixed at A.

The beam lies in a horizontal position supported by a rough peg at O, where
AC=1m, and a light inextensible wire attached at B.

When the wire is inclined at an angle & to the horizontal, where sing = 0.8, the beam
remains horizontal, in limiting equilibrium.

Calculate the tension in the wire and the value of the coefficient of friction between
the peg and the beam.

(1. =55, [u- =074



Question 9 (¥¥*4)

The figure above shows a uniform rod AR of length 2a and of mass m smoothly
hinged at the point A, which lies on a vertical wall.

The rod is kept in a horizontal position by a light inextensible string BC, where C
lies on the same wall vertically above A.

The plane ABC is perpendicular to the wall and the angle ABC is denoted by &.

Given that tané = %

, show clearly that ...

a) ... the tension in the string is %ﬁmg,

b) ... the magnitude of the reaction at the hinge has the same magnitude as the
tension in the string.

proof
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Question 15 (###4)




The figure above shows a uniform rod AB, of weight V3W and length 4L, is freely
hinged at theend A to a vertical wall.

The rod is supported by a light rigid strut CD and rests in equilibrium at an angle of
60° to the wall. The strut is freely hinged to the rod at the point D and to the wall at
the point C , which is vertically below A . It is further given that AC=AD=3L

The rod and the strut lie in the same vertical plane, which is perpendicular to the wall.
a) Show that the magnitude of the thrust in the strut is 2W .

b) Find, in terms of W, the magnitude of the force acting on the rod at A.

resultant = J?r_'W N

Question 28  (##%)




The figure above shows a non-uniform rod AB, of mass m and length L, rests in

equilibrium with the end A on a rough horizontal floor and the other end B, against a
rough vertical wall.

The rod is in a vertical plane perpendicular to the wall and makes an angle & with the

floor, where tan 6=%. The coefficient of friction between the rod and the floor is 1

s

and the coefficient of friction between the rod and the wall is 3

—4' .
The rod is on the point of slipping at both ends.
The centre of mass of the rod is at the point G .
Determine, in terms of L, the distance AG.
|AG|=3L
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Projectiles



Question 8 (#%%4)
A particle is projected from a point O on level horizontal ground with speed of
23.8 ms™! atan angle i to the horizontal, where wnyx:%,

The particle is moving freely under gravity, reaching a greatest height of H m above
the ground before it lands on the ground at a point A.

a) Determine the distance OA
b) Find the value of H.

c¢) Calculate, to three significant figures, the speed of the particle when it is at a
height of 20 m above the ground.

, |H=225|, [v=13.2 ms™"




Question 18 (#++%)

15.6m

The figure above shows the cross section of a vertical tower OACD standing on a
plane inclined at an angle & to the horizontal, where tané&=0.1.

A particle is projected horizontally from A hitting the incline plane at the point B .
The journey of the particle is in a vertical plane containing O, A and B.

Given that |O.4|: 15.6 m determine the vertical distance through which the particle
falls as it travels from A to B.

You may assume that the only force acting on the particle is its weight.
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Question 7 (#%%)

Relative to a fixed origin O, the horizontal unit vectors i and j are pointing due east
and due north, respectively.

A particle P, of mass 2 kg, is moving under the action of a single force F N.

At time ¢ s the velocity of P is v ms™'

When =0, v=(-3i+j) and when t=4, v =(5i +5j).

a) Find, in degrees, the bearing of the direction of motion of P, when 1 =0.
b) Calculate the magnitude of F.
c) Determine, in terms of 7, an expression for the velocity of P.

d) Find the time when P is moving parallel to the vector 3i+2j.

[288°],

F|=v20=447 N

=

v=(2-3)i+(t+1)j

.




Question 4 (##%)
Relative to a fixed origin @, the horizontal unit vectors i and j are pointing due east
and due north, respectively.
A ship P is sailing with constant velocity (2i-6j) kmh™".
a) Calculate the speed of P.
Atnoon P is at the point with position vector (4i+2j) km.
At time ¢ hours after noon the position vector of P is p km.
by Determine an expression for p, in terms of ¢.
The position vector of another ship @, q km ¢ hours after noon, is given by
q=Ti—4j+(-4i-2j)r.
¢} Calculate the value of r when @ is westof P.

d) Find the distance between the two ships when (0 is westof P.

|speed =40 =632 kmh '], [p=[(2+4)i+(2-60) jJkm
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Question 15 (##%¥)
Relative to a fixed origin O, the horizontal unit vectors i and j are pointing due east
and due north, respectively.

A small unmanned boat is drifting in the sea with constant velocity.

At 10.00 a.m. it is observed at the point with position vector {—2i+3,i] km and at

10.45 a.m. it has drifted to the point with position vector (—5i+3.75j) km.
a) Determine the velocity of the boat.
The position vector of the boat, ¢ hours after 10.00 am., is b km.
b) Find an expression for b in terms of ¢.
At 11.30 a.m. a patrol boat leaves from the point with position vector (2i+ j) km and
intercepts the small unmanned boat at 11.45 am. The patrol boat is moving with

constant velocity, V kmh™".

¢) Find V, giving the answer in the form ai+bj, where a and b are constants

to be found .
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