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Answer all the questions

1 A rigid, rectangular plate, ABCD, with a length of 1.3 m and a width of 0.6 m is acted upon by 
three co-planar forces with magnitudes of 500 N, 700 N and 400 N as shown in Fig.1.

1.3 m

B

A

C

D

40˚

500 N 700 N

400 N

Fig. 1

0.6 m

(i) Resolve the force of 700 N into horizontal and vertical components.

Horizontal component  ....................................................................................................... [1]

Vertical component ............................................................................................................ [1]

(ii) Calculate the magnitude of the resultant of the three forces acting on the plate.

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ........................................................................................................................................... [3]
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(iii) Calculate the moment about corner A due to the three forces.

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ........................................................................................................................................... [3]

(iv) An additional force of 500 N acting perpendicular to the side AD is to be applied so that 
the moment about corner A becomes zero. Calculate the horizontal distance from corner A 
at which this force acts and state its direction.

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ........................................................................................................................................... [2]
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2 Fig. 2 shows the shape and dimensions, expressed in millimetres, of the top surface of a 
component made from ABS plastic with a uniform thickness. The component is shown aligned 
within a Cartesian coordinate system (x, y) with the origin at point O.

Fig. 2
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(i) &DOFXODWH�WKH�VXUIDFH�DUHD�RI�WKH�SODVWLF�VKRZQ�LQ�)LJ�����H[SUHVVLQJ�\RXU�¿QDO�DQVZHU�LQ�
square centimetres.

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ........................................................................................................................................... [2]
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(ii) Calculate the coordinates of the centroid of the surface of the component as shown in Fig. 2.

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ........................................................................................................................................... [4]

(iii) The component is made from ABS plastic with a uniform thickness of 0.5 cm and a density 
of 1.05 g cmí�. The cost of ABS plastic is £14 per kg. Calculate the cost of material in       
800 components. 

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ........................................................................................................................................... [5]
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3     (a) A class one lever with a length of 1.3 m is being used to lift a load with a mass of  950 kg. 
The load is at one end of the lever at a distance of 0.1 m from the fulcrum. The input force 
required to lift the load is applied at the other end of the lever. The mass of the lever can 
be neglected.

(i) Draw a labelled diagram showing the lever, with dimensions, fulcrum, input force and 
output force.

[2]

(ii) Calculate the magnitude of the minimum output force required to lift the load.

 .........................................................................................................................................

 .................................................................................................................................... [1]

(iii) Calculate the magnitude of the minimum input force required to lift the load.

 .........................................................................................................................................

 .........................................................................................................................................

 .................................................................................................................................... [2]

(iv) Calculate the mechanical advantage of the lever.

 .........................................................................................................................................

 .................................................................................................................................... [1]
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(b) A simple gear system comprises an input gear with 60 teeth meshed together with an 
output gear. The mechanical advantage of the system is 1.25. Calculate the number of 
teeth on the output gear.

 ................................................................................................................................................

 ........................................................................................................................................... [1]

(c) An engineer requires a gear system for a milling machine. The gear system must have the 
following features.

• Small and compact

• High mechanical advantage

• The axes of rotation of the input gear and output gear are perpendicular

• The direction of transmission is not reversible

Name the type of gear system that the engineer should select.

 ........................................................................................................................................... [1]

(d) A belt and pulley system has an input pulley that rotates at 50  rpm and an output pulley 
that rotates at 100 rpm. The diameter of the input pulley is x cm and the diameter of the 
output pulley is (2x – 30) cm. Calculate the value of x. 

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ........................................................................................................................................... [3]
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4     (a) Fig. 3a shows a cantilever beam of length 11 m attached to a wall. The beam has a uniform 
mass of 30 kg per metre length   and is subjected to an upward force of 3000 N applied at 
a distance of 2 m from the wall and a downward force of 5000 N at a distance of 8 m from 
the wall.

Fig. 3a

2 m

5000 N

3000 N

8 m 3 m

(i) The self weight of the beam is to be modelled as force acting at a single point. 

(A) Calculate the magnitude of this force. 

 ............................................................................................................................. [1]

(B) Indicate the position and direction of this force on Fig. 3b. 

Fig. 3b

5000 N

3000 N

[1]

(ii) Name the type of support used to attach a cantilever beam such as this to a wall.

 .................................................................................................................................... [1]

(iii) The self weight of the beam is one example of a uniformly distributed load (UDL). 
Provide another example of something that could cause a UDL.

 .................................................................................................................................... [1]
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(iv) Calculate the vertical reaction at the wall, stating the direction in which it acts.

 .........................................................................................................................................

 .................................................................................................................................... [2]

(b) 

Fig. 4

50 000 N

5 m 5 m

Fig. 4 shows a simply-supported beam of length 10 m with a single downward force of  
50 000 N acting at its centre. Draw a labelled bending moment diagram for the beam on 
the grid below. You may assume that the effect of the self weight of the beam can  
be neglected.

 [3]
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5 A car of mass 1800 kg is travelling along a rough horizontal road with a driving force of  D N. 
The car is subjected to a force of 300 N due to the friction between its tyres and the surface of 
the road and an air resistance force of 200 N. 

(i) Draw a diagram showing all the forces experienced by the car. (You may represent the car 
as a simple rectangle.)

[2]

(ii) The car accelerates uniformly from rest to a speed of 25 m sí� in 20 s. Calculate the 
acceleration of the car during this period.

 ................................................................................................................................................

 ........................................................................................................................................... [2]

(iii) Using your answers to parts (i) and (ii), calculate the magnitude of the driving force D N.

 ................................................................................................................................................

 ................................................................................................................................................

 ........................................................................................................................................... [3]

(iv) Calculate the distance travelled during the 20 s period.

 ................................................................................................................................................

 ........................................................................................................................................... [2]

(v) The car is now modelled as a solid rectangular block with a mass of 1800 kg moving 
across a rough surface. There is a frictional force of 300 N between the block and the 
VXUIDFH��&DOFXODWH�WKH�FRHI¿FLHQW�RI�IULFWLRQ�EHWZHHQ�WKH�EORFN�DQG�WKH�VXUIDFH�

 ................................................................................................................................................

 ........................................................................................................................................... [2]
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6     (a) A large body of mass 14 kg moving with a speed of 3 m sí� collides with a small stationary 
body of mass 2 kg. Immediately after the collision the large body continues to move in the 
same direction but with a reduced speed of 2.25 m sí�.

(i) Calculate the kinetic energy of the large body before the collision.

 .................................................................................................................................... [1]

(ii) After the collision the small body moves in the same direction as the large body. 
Assuming that linear momentum is conserved, calculate the speed of the small body 
immediately after the collision. 

 .........................................................................................................................................

 .........................................................................................................................................

 .........................................................................................................................................

 .................................................................................................................................... [3]

(iii) An elastic collision is one in which both kinetic energy and momentum are 
conserved. Using your results of parts (i) and (ii) determine whether or not the 
collision is elastic.

 .........................................................................................................................................

 .........................................................................................................................................

 .........................................................................................................................................

 .................................................................................................................................... [2]

(b) A steel dart of mass 0.05 kg is thrown into a cork board with an initial speed of 10 m sí�. 
The tip of the dart becomes embedded in the board to a depth of 10 mm. By considering 
the work-energy principle, calculate the resistive force caused by the board.

 ................................................................................................................................................

 ................................................................................................................................................

 ................................................................................................................................................

 ........................................................................................................................................... [2]

END OF QUESTION PAPER
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