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Exercise A, Question 1 

Question: 

 

A particle of weight 24 N is held in equilibrium by two light inextensible strings. One string is horizontal. The other string is inclined 
at an angle of 30° to the horizontal, as shown. The tension in the horizontal string is Q newtons and the tension in the other string is P 
newtons. Find 

a the value of P, 

b the value of Q. 
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Question: 

 

A particle P, of mass 2 kg, is attached to one end of a light string, the other end of which is attached to a fixed point O. The particle 
is held in equilibrium, with OP horizontal, by a force of magnitude 30 N applied at an angle  to the horizontal, as shown. 

a Find, to the nearest degree, the value of . 

b Find, in N to 3 significant figures, the magnitude of the tension in the string. 

α

α
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Question: 

 

A body of mass 5 kg is held in equilibrium under gravity by two inextensible light ropes. One rope is horizontal, the other is at an 
angle  to the horizontal, as shown. The tension in the rope inclined at  to the horizontal is 72 N. Find 

a the angle , giving your answer to the nearest degree, 

b the tension T in the horizontal rope, giving your answer to the nearest N. 

α α

α

Solution: 
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Question: 

 

A particle P is attached to one end of a light inextensible string. The other end of the string is attached to a fixed point O. A 
horizontal force of magnitude 12 N is applied to P. The particle P is in equilibrium with the string taut and OP making an angle of 
20° with the downward vertical, as shown. Find 

a the tension in the string, 

b the weight of P. 

Solution: 
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Question: 

 

A particle P is held in equilibrium under gravity by two light, inextensible strings. One string is inclined at an angle of 60° to the 
horizontal and has a tension of 40 N. The other string is inclined at an angle of 40° to the horizontal and has a tension of T newtons, 
as shown. Find, to three significant figures, 

a the value of T, 

b the weight of P. 

Solution: 
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Question: 

 

A smooth bead B is threaded on a light inextensible string. The ends of the string are attached to two fixed points A and C on the 
same horizontal level. The bead is held in equilibrium by a horizontal force of magnitude 6 N acting parallel to AC. The bead B is 

vertically below C and ∠ BAC = α, as shown in the diagram. Given that tan α =  , find
 

a the tension in the string, 

b the weight of the bead. 

3

4

Solution: 
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Question: 

 

Two small rings, A and B, each of mass 2m, are threaded on a rough horizontal pole. The coefficient of friction between each ring 
and the pole is µ. The rings are attached to the ends of a light inextensible string. A smooth ring C, of mass 3m, is threaded on the 
string and hangs in equilibrium below the pole. The rings A and B are in limiting equilibrium on the pole, with 

∠ BAC = ∠ ABC = θ, where tanθ =  , as shown in the diagram.
 

a Show that the tension in the string is mg.

 

b Find the value of µ. 

3

4

5

2

Solution: 
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Question: 

 

A particle of weight W newtons is attached at C to the ends of two light inextensible strings AC and BC. The other ends of the strings 
are attached to two fixed points A and B on a horizontal ceiling. The particle hangs in equilibrium with AC and BC inclined to the 
horizontal at 30° and 60° respectively, as shown. Given the tension in AC is 50 N, calculate 

a the tension in BC, to three significant figures, 

b the value of W. 

Solution: 
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Question: 

 

A small box of mass 20 kg rests on a rough horizontal floor. The coefficient of friction between the box and the floor is 0.25. A light 
inextensible rope is tied to the box and pulled with a force of magnitude P newtons at 14° to the horizontal as shown in the diagram. 
Given that the box is on the point of sliding, find the value of P, giving your answer to 1 decimal place. 

Solution: 
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Question: 

 

A smooth plane is inclined at an angle 10° to the horizontal. A particle P of mass 2 kg is held in equilibrium on the plane by a 
horizontal force of magnitude F newtons, as shown. 

Find, to three significant figures, 

a the normal reaction exerted by the plane on P. 

b the value of F. 

Solution: 
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Question: 

 

A particle P of mass 2.5 kg rests in equilibrium on a rough plane under the action of a force of magnitude X newtons acting up a line 
of greatest slope of the plane, as shown in the diagram. The plane is inclined at 20° to the horizontal. The coefficient of friction 
between P and the plane is 0.4. The particle is in limiting equilibrium and is on the point of moving up the plane. Calculate 

a the normal reaction of the plane on P, 

b the value of X. 

The force of magnitude X newtons is now removed. 

c Show that P remains in equilibrium on the plane. 

Solution: 
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Question: 

 

A parcel of weight 10 N lies on a rough plane inclined at an angle of 30° to the horizontal. A horizontal force of magnitude P 
newtons acts on the parcel, as shown. The parcel is in equilibrium and on the point of slipping up the plane. The normal reaction of 
the plane on the parcel is 18 N. The coefficient of friction between the parcel and the plane is . Find 

a the value of P, 

b the value of . 

The horizontal force is removed. 

c Determine whether or not the parcel moves. 

µ

µ

Solution: 
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Question: 

 

A small ring of mass 0.25 kg is threaded on a fixed rough horizontal rod. The ring is pulled upwards by a light string which makes an 
angle 40° with the horizontal, as shown. The string and the rod are in the same vertical plane. The tension in the string is 1.2 N and 
the coefficient of friction between the ring and the rod is µ. Given that the ring is in limiting equilibrium, find 

a the normal reaction between the ring and the rod, 

b the value of µ. 

Solution: 
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Question: 

 

The diagram shows a boat B of mass 400 kg held at rest on a slipway by a rope. The boat is modelled as a particle and the slipway as 
a rough plane inclined at 15° to the horizontal. The coefficient of friction between B and the slipway is 0.2. The rope is modelled as a 
light, inextensible string, parallel to a line of greatest slope of the plane. The boat is in equilibrium and on the point of sliding down 
the slipway. 

a Calculate the tension in the rope. 

The boat is 50 m from the bottom of the slipway. The rope is detached from the boat and the boat slides down the slipway. 

b Calculate the time taken for the boat to slide to the bottom of the slipway. 

Solution: 
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Question: 

 

A heavy package is held in equilibrium on a slope by a rope. The package is attached to one end of the rope, the other end being held 
by a man standing at the top of the slope. The package is modelled as a particle of mass 20 kg. The slope is modelled as a rough 
plane inclined at 60° to the horizontal and the rope as a light inextensible string. The string is assumed to be parallel to a line of 
greatest slope of the plane, as shown in the diagram. At the contact between the package and the slope, the coefficient of friction is 
0.4. 

a Find the minimum tension in the rope for the package to stay in equilibrium on the slope. 

The man now pulls the package up the slope. Given that the package moves at constant speed, 

b find the tension in the rope. 

c State how you have used, in your answer to part b, the fact that the package moves 

i up the slope, 

ii at constant speed. 

Solution: 
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Question: 

 

A particle P of mass 0.5 kg is on a rough plane inclined at an angle  to the horizontal, where . The particle is held at rest on 

the plane by the action of a force of magnitude 4 N acting up the plane in a direction parallel to a line of greatest slope of the plane, 
as shown. The particle is on the point of slipping up the plane. 

a Find the coefficient of friction between P and the plane. 

The force of magnitude 4 N is removed. 

b Find the acceleration of P down the plane. 

α tanα = 3

4

Solution: 
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Question: 

 

A box of mass 30 kg is being pulled along rough horizontal ground at a constant speed using a rope. The rope makes an angle of 20° 
with the ground, as shown. The coefficient of friction between the box and the ground is 0.4. The box is modelled as a particle and 
the rope as a light, inextensible string. The tension in the rope is P newtons. 

a Find the value of P. 

The tension in the rope is now increased to 150 N. 

b Find the acceleration of the box. 

Solution: 
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Question: 

 

A uniform rod AB has length 8 m and mass 12 kg. A particle of mass 8 kg is attached to the rod at B. The rod is supported at a point C and 
is in equilibrium in a horizontal position, as shown. 

Find the length of AC. 

Solution: 
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Question: 

 

A uniform beam AB has mass 12 kg and length 3 m. The beam rests in equilibrium in a horizontal position, resting on two smooth 
supports. One support is at end A, the other at a point C on the beam, where BC = 1 m, as shown in the diagram. The beam is 
modelled as a uniform rod. 

a Find the reaction on the beam at C. 

A woman of mass 48 kg stands on the beam at the point D. The beam remains in equilibrium. The reactions on the beam at A and C 
are now equal. 

b Find the distance AD. 

Solution: 
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Question: 

 

Two men, Eric and Fred, set out to carry a water container across a desert, using a long uniform pole. The length of the pole is 4 m and its 
mass is 5 kg. The ends of the pole rest in equilibrium on the shoulders of the two men, with the pole horizontal. The water container has 
mass 16 kg and is suspended from the pole by means of a light rope, which is short enough to prevent the container reaching the ground, as 
shown. Eric has a sprained ankle, so Fred fixes the rope in such a way that the vertical force on his shoulder is twice as great as the vertical 
force on Eric's shoulder. 

a Find the vertical force on Eric's shoulder. 

b Find the distance from the centre of the pole to the point at which the rope is fixed. 

Solution: 
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Question: 

 

A uniform rod AB has length 1.5 m and mass 8 kg. A particle of mass m kg is attached to the rod at B. The rod is supported at the 
point C, where AC = 0.9 m, and the system is in equilibrium with AB horizontal, as shown. 

a Show that m = 2. 

A particle of mass 5 kg is now attached to the rod at A and the support is moved from C to a point D of the rod. The system, 
including both particles, is again in equilibrium with AB horizontal. 

b Find the distance AD. 

Solution: 
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Question: 

 

A uniform steel girder AB, of mass 150 kg and length 10 m, rests horizontally on two supports at A and B. A man of mass 90 kg 
stands on the girder at the point P, where AP = 2 m, as shown. By modelling the girder as a uniform rod and the man as a particle. 

a find the magnitude of the reaction at B. 

 

The support B is moved to a point Y on the girder, where BY = x metres, as shown. The man remains on the girder at P. The 
magnitudes of the reactions at the two supports are now equal. 

Find 

b the magnitude of the reaction at each support, 

c the value of x. 

Solution: 
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Question: 

A footbridge across a stream consists of a uniform horizontal plank AB of length 5 m and mass 140 kg, supported at the ends A and 
B. 
A man of mass 100 kg is standing at a point C on the footbridge. Given that the magnitude of the force exerted by the support at A is 
twice the magnitude of the force exerted by the support at B, calculate 

a the magnitude, in N, of the force exerted by the support at B, 

b the distance AC. 

Solution: 
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Question: 

A non-uniform thin straight rod AB has length 3d and mass 5m. It is in equilibrium resting horizontally on supports at the points X 
and Y, where AX = XY = YB = d. A particle of mass 2m is attached to the rod at B. Given that the rod is on the point of tilting about 
Y, find the distance of the centre of mass of the rod from A. 

Solution: 
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Question: 

 

A uniform rod AB has weight 70 N and length 3 m. It rests in a horizontal position on two smooth supports placed at P and Q, where 
AP = 0.5 m as shown in the diagram. The reaction on the rod at P has magnitude 20 N. Find 

a the magnitude of the reaction on the rod at Q, 

b the distance AQ. 

Solution: 
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Question: 

 

A uniform plank AB has weight 120 N and length 3 m. The plank rests horizontally in equilibrium on two smooth supports C and D, 
where AC = 1 m and CD = x m, as shown. The reaction of the support on the plank at D has magnitude 80 N. Modelling the plank as 
a rod. 

a show that x = 0.75. 

A rock is now placed at B and the plank is on the point of tilting about D. Modelling the rock as a particle, find 

b the weight of the rock, 

c the magnitude of the reaction of the support on the plank at D. 

d State how you have used the model of the rock as a particle. 

Solution: 
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Question: 

 

A seesaw in a playground consists of a beam AB of length 4 m which is supported by a smooth pivot at its centre C. Jill has mass 25 
kg and sits on the end A. David has mass 40 kg and sits at a distance x metres from C, as shown. The beam is initially modelled as a 
uniform rod. Using this model, 

a find the value of x for which the seesaw can rest in equilibrium in a horizontal position. 

b State what is implied by the modelling assumptions that the beam is uniform. 

David realises that the beam is not uniform as he finds he must sit at a distance 1.4 m from C for the seesaw to rest horizontally in 
equilibrium. The beam is now modelled as a non-uniform rod of mass 15 kg. Using this model, 

c find the distance of the centre of mass of the beam from C. 

Solution: 
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Question: 

 

A steel girder AB has weight 210 N. It is held in equilibrium in a horizontal position by two vertical cables. One cable is attached to 
the end A. The other cable is attached to the point C on the girder, where AC = 90 cm, as shown. The girder is modelled as a uniform 
rod, and the cables as light inextensible strings. 

Given that the tension in the cable at C is twice the tension in the cable at A, find 

a the tension in the cable at A, 

b show that AB = 120 cm. 

A small load of weight W newtons is attached to the girder at B. The load is modelled as a particle. The girder remains in equilibrium 
in a horizontal position. The tension in the cable at C is now three times the tension in the cable at A. 

c Find the value of W. 

Solution: 
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Question: 

 

A uniform rod AB has mass 8 kg and length 4 m. A particle of mass 4 kg is attached to the rod at A and a particle of mass M kg is 
attached to the rod at B. The rod is supported at the point C, where AC = 1.5m, and rests in equilibrium in a horizontal position, as 
shown in the diagram. 

a Find the value of M. 

b State how you used the information that the rod is uniform. 

Solution: 
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Question: 

 

A uniform plank ABC, of length 12 m and mass 30 kg, is supported in a horizontal position at the points A and B, where AB = 8 m 
and BC = 4 m, as shown in the diagram. A woman of mass 60 kg stands on the plank at a distance of 2 m from A, and a rock of mass 
M kg is placed on the plank at the end C. The plank remains in equilibrium. The plank is modelled as a uniform rod, and the woman 
and the rock as particles. 

Given that the forces exerted by the supports on the plank at A and B are equal in magnitude, 

a find i the value of M, ii the magnitude of the force exerted by the support at A on the plank. 

b State how you used the modelling assumption that the rock is a particle. 

Solution: 
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Question: 

 

A light rod AB has length 10 m. It is suspended by two light vertical cables attached to the rod at the points C and D, where 
AC = 2 m, CD = 4 m, and DB = 4 m, as shown in the diagram. A load of weight 60 N is attached to the rod at A and a load of weight 
XN is attached to the rod at B. The rod is hanging in equilibrium in a horizontal position. Find, in terms of X, 

a the tension in the cable at C, 

b the tension in the cable at D, 

c Hence show that 15≤ X ≤ 90. 

If the tension in either cable exceeds 120 N that cable breaks. 

d Find the maximum possible value of X. 

Solution: 
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Question: 

 

A large uniform plank of wood of length 8 m and mass 30 kg is held in equilibrium by two small steel rollers A and B, ready to be 
pushed into a saw-mill. The centres of the rollers are 50 cm apart. One end of the plank presses against roller A from underneath, and 
the plank rests on top of roller B, as shown in the diagram. The rollers are adjusted so that the plank remains horizontal and the force 
exerted on the plank by each roller is vertical. 

a Suggest a suitable model for the plank to determine the forces exerted by the rollers. 

b Find the magnitude of the force exerted on the plank by the roller at B. 

c Find the magnitude of the force exerted on the plank by the roller at A. 

Solution: 
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Question: 

 

A plank of wood AB has length 5.4 m. It lies on a horizontal platform, with 1.2 m projecting over the edge, as shown in the diagram. 
When a girl of mass 50 kg stands at the point C on the plank, where BC = 0.3 m, the plank is on the point of tilting. By modelling the 
plank as a uniform rod and the girl as a particle, 

a find the mass of the plank. 

The girl places a rock on the end of the plank at A. By modelling the rock also as a particle, 

b find, to two significant figures, the smallest mass of the rock which will enable the girl to stand on the plank at B without tilting. 

c State briefly how you have used the modelling assumption that 

i the plank is uniform, 

ii the rock is a particle. 

Solution: 
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Question: 

Three forces F1, F2 and F3 act on a particle.
 

F1 = ( − 3ⅈ + 7j ) N , F2 = ( ⅈ − j ) N , F3 = ( pⅈ + qj ) N 

 

a Given that the particle is in equilibrium, determine the value of p and the value of q. 

The resultant of the forces F1 and F2 is R.
 

b Calculate, in N, the magnitude of R. 

c Calculate to the nearest degree, the angle between the line of action of R and the vector j. 

Solution: 
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Question: 

 

Two forces P and Q, act on a particle. The force P has magnitude 5 N and the force Q has magnitude 3 N. The angle between the 
directions of P and Q is 40°, as shown in the diagram. The resultant of P and Q is F. 

a Find, to three significant figures, the magnitude of F. 

b Find, in degrees to one decimal place, the angle between the directions of F and P. 

Solution: 
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Question: 

Two forces P and Q act on a particle. The force P has magnitude 7 N and acts due north. The resultant of P and Q is a force of 
magnitude 10 N acting in a direction with bearing 120°. Find 

a the magnitude of Q, 

b the direction of Q, giving your answer as a bearing. 

Solution: 
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Question: 

Two forces F1 = ( 2ⅈ + 3j ) N and F2 = ( λⅈ + µj ) N , where λ and µ are scalars, act on a particle. The resultant of the two forces is 

R, where R is parallel to the vector ⅈ + 2j. 

a Find, to the nearest degree, the acute angle between the line of action of R and the vector i. 

b Show that 2λ − µ + 1 = 0. 

Given that the direction of F2 is parallel to j,
 

c find, to three significant figures, the magnitude of R. 

Solution: 
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Question: 

A force R acts on a particle, where R = ( 7ⅈ + 16j ) N . 

Calculate 

a the magnitude of R, giving your answers to one decimal place, 

b the angle between the line of action of R and i, giving your answer to the nearest degree. 

The force R is the resultant of two forces P and Q. The line of action of P is parallel to the vector ( ⅈ + 4j )  and the line of action of 
Q is parallel to the vector (ⅈ + j )  . 

c Determine the forces P and Q expressing each in terms of i and j. 

Solution: 
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Question: 

A particle P moves in a straight line with constant velocity. Initially P is at the point A with position vector ( 2ⅈ − j )  m relative to a 
fixed origin O, and 2s later it is at the point B with position vector ( 6ⅈ + j )  m. 

a Find the velocity of P. 

b Find, in degrees to one decimal place, the size of the angle between the direction of motion of P and the vector i. 

Three second after it passes B the particle P reaches the point C. 

c Find, in metres to one decimal place, the distance OC. 

Solution: 
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Question: 

A particle P is moving with constant velocity ( 5ⅈ − 3j ) m s− 1 . At time t = 0, its position vector, with respect to a fixed origin O, is 
( − 2ⅈ + j )  m. Find, to three significant figures. 

a the speed of P, 

b the distance of P from O when t = 2s. 

Solution: 
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Question: 

A boat B is moving with constant velocity. At noon, B is at the point with position vector ( 3ⅈ − 4j )  km with respect to a fixed 
origin O. At 1430 on the same day, B is at the point with position vector ( 8ⅈ + 11j )  km. 

a Find the velocity of B, giving your answer in the form pⅈ + qj. 

At time t hours after noon, the position vector of B is b km. 

b Find, in terms of t, an expression for b. 

Another boat C is also moving with constant velocity. The position vector of C, c km, at time t hours after noon, is given by 

c = ( − 9ⅈ + 20j ) + t ( 6ⅈ + − j )  , where λ is a constant. 

Given that C intercepts B, 

c find the value of λ, 

d show that, before C intercepts B, the boats are moving with the same speed. 

Solution: 
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Question: 

A particle P of mass 2 kg is moving under the action of a constant force F newtons. When t = 0, P has velocity ( 3ⅈ + 2j ) m s− 1 
and at time t = 4s, P has velocity ( 15ⅈ − 4j ) m s− 1 . Find 

a the acceleration of P in terms of i and j, 

b the magnitude of F, 

c the velocity of P at time t = 6s. 

Solution: 

 

 

Page 1 of 1Heinemann Solutionbank: Mechanics 1 M1

3/9/2013file://C:\Users\Buba\kaz\ouba\m1_rev2_a_42.html



Solutionbank M1 
Edexcel AS and A Level Modular Mathematics 
2 Review Exercise 
Exercise A, Question 43 

Question: 

The horizontal unit vectors i and j are due east and due north respectively. 

A ship S is moving with constant velocity . At time 1200, the position vector of S relative to a fixed origin O is 
. Find 

a the speed of S, 

b the bearing on which S is moving. 

The ship is heading directly towards a submerged rock R. A radar tracking station calculates that, if S continues on the same course 
with the same speed, it will hit R at the time 1500. 

c Find the position vector of R. 

The tracking station warns the ship's captain of the situation. The captain maintains S on its course with the same speed until the time 
is 1400. He then changes course so that S moves due north at a constant speed of . Assuming that S continues to move with 
this new constant vector, find 

d an expression for the position vector of the ship t hours after 1400. 

e The time when S will be due east of R. 

f The distance of S from R at the time 1500. 

(−2.5i + 6j)kmh−1

(16i + 5j)km

5 kmh−1

Solution: 
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Question: 

The horizontal unit vectors i and j are due east and due north respectively. 

A model boat A moves on a lake with constant velocity . At time , A is at the point with position vector . 
Find 

a the speed of A, 

b the direction in which A is moving, giving your answer as a bearing. 

At time , a second boat B is at the point with position vector . 

Given that the velocity of B is , 

c show that A and B will collide at a point P and find the position vector of P. 

Given instead that B has speed  and moves in the direction of the vector . 

d find the distance of B from P when . 

(−i + 6j)m s−1 t = 0 (2i − 10j)m

t = 0 (−26i + 4j)m

(3i + 4j)ms−1

8 m s−1 (3i + 4j)

t = 7s

Solution: 
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Question: 

The horizontal unit vectors i and j are due east and due north respectively. 

At time t = 0, a football player kicks a ball from the point A with position vector ( 2ⅈ + j )  m on a horizontal football field. The 
motion of the ball is modelled as that of a particle moving horizontally with constant velocity ( 5ⅈ + 8j ) m s− 1 . Find 

a the speed of the ball, 

b the position vector of the ball after t seconds. 

The point B on the field has position vector ( 10ⅈ + 7j ) m . 

c Find the time when the ball is due north of B. 

At time t = 0, another player starts running due north from B and moves with constant speed v m s− 1. Given that he intercepts the 
ball, 

d find the value of v. 

e State one physical factor, other than air resistance, which would be needed in a refinement of the model of the ball's motion to 
make the model more realistic. 

Solution: 
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Question: 

A destroyer is moving due west at a constant speed of 10 km h− 1. It has radar on board which, at time t = 0, identifies a cruiser, 50 
km due west and moving due north with a constant speed of 20 km h− 1. The unit vectors i and j are directed due east and north 
respectively, and the origin O is taken to be the initial position of the destroyer. Each vessel maintains its constant velocity. 

a Write down the velocity of each vessel in vector form. 

b Find the position vector of each vessel at time t hours. 

c Show that the distance d km between the vessels at time t hours is given by 

d2 = 500t2 − 1000t + 2500

 

The radar on the cruiser detects vessels only up to a distance of 40 km. By finding the minimum value of d2, or otherwise,

 

d determine whether the destroyer will be detected by the cruiser's radar. 

Solution: 
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Question: 

In this question the vectors i and j are horizontal unit vectors in the directions due east and due north respectively. Two boats A and B 
are moving with constant velocities. Boat A moves with velocity 9j km h− 1. Boat B moves with velocity ( 3ⅈ + 5j ) km h− 1 . 

a Find the bearings on which B is moving. 

At noon A is at the point O and B is 10 km due west of O. At time t hours after noon, the position vectors of A and B relative to O are 
a km and b km respectively. 

b Find expressions for a and b in terms of t, giving your answer in the form 

pⅈ + qj 

c Find the time when B is due south of A. 

At time time t hours after noon, the distance between A and B is d km. By finding an expression for AB, 

d show that d2 = 25t2 − 60t + 100.

 

At noon the boats are 10 km apart. 

e Find the time after noon at which the boats are again 10 km apart. 

Solution: 
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