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GENERAL ENGINEERING SCIENCE I 
 
Attempt ALL questions 
 
Marks for each question are shown in brackets. 
   

1. Simplify the following and rearrange to make x the subject of the expression: 
 

(a)  y = 
x3 

x2 ×  
x4

4
 

 

(b)  y =
x2 .  z3

z2
 ÷  

x3.  z

x2
 

 

 
 

(4) 
 
 

(4)  

   

2. The steel shell of a condenser can be considered cylindrical with flat, round 
ends.  It has an overall length of 1.5 m, with a bore (diameter) of 700 mm, and 
a wall thickness of 10 mm. 
 
Calculate EACH of the following: 
 
(a) the mass of the steel condenser; 

 
(a) the mass of sea water that would completely fill the condenser ignoring 

all interior fittings; 
 

(c) the direct force in KN that would be exerted by the condenser when full 
of water. 

 
Note: Density of sea water = 1025 kg/m3    Relative density of steel = 7.8 

 
 
 
 

 
 

(5) 
 
 

(3) 
 
 

(2) 

   

3. Determine the area of the shaded sector below in Fig Q3. 
 

 
 

Fig Q3 

(8) 
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4. A vessel of 6000 tonne displacement has a rectangular fuel tank 15 m long,  
12 m wide and 4 m deep.  The tank is full of fuel oil with a density of  
900 kg/m3 and the tank bottom is 1.2 m above the keel. The KG of the vessel 
is 6.2 m when the tank is full. 
 
Calculate the new KG after all of the oil has been used. 

 
 
 
 
 

(8) 
   

5. A turbine rotor has a diameter of 0.6 m and rotates at 400 rad/s. 
 
Calculate EACH of the following: 
 
(a) the linear velocity of a point on the rim in m/s; 

 
(b) the rotational speed of the rotor in rev/min; 
 
(c) the number of radians turned when the rotor rotates through 325º. 

 
 
 
 

(3) 
 

(3) 
 

(2) 
   

6. (a) Plot the graph of the equation y = 2x3 + 3 between the limits of x = -1 and 
x = 3 indicating in the answer how the plotting points are obtained. 
 

(b) Indicate on the graph plotted in Q6(a), the value of y when x = 1.5. 

 
(8) 

 
(2) 

   

7. Two ships leave a port at the same time.  Ship A is on a bearing of 45 degrees 
travelling at 24 km/h, ship B is on a bearing of 70 degrees travelling at  
15 km/h. 
 
(a) Draw a diagram indicating the movements of the ships 

(b) How far apart are the ships after 4 hours? 

 
 

 
 

(2) 
 

(8) 
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8. A fire pump discharges sea water through a 50 mm diameter pipe to a height 
of 16.5 m at a constant velocity of 3.5 m/s. 
 
Calculate EACH of the following: 
 
(a) the power of the pump; 

 
(b) the motor power to drive the pump if the combined electrical and 

mechanical efficiency is 82%. 
 
Note: Density of seawater 1025 kg/m3 

 
 
 
 
 

(5) 
 
 

(3) 

   

9. A lifeboat has a mass of 600 kg and is pulled alongside a distance of 90 m using 
a winch using a force of 150 N.  It takes 1 minute and 20 seconds to complete 
this. 
 
Ignoring friction, determine: 
 
(a) the acceleration of the lifeboat; 
 
(b) the average speed; 

(c) the work done; 

(d) the power required. 

 
 
 
 
 

 
(2) 

 
(2) 

 
(2) 

 
(2) 

   

10. For the shape shown in Fig Q10, determine the position of the centroid in the 
x and y planes. 
 

 
Fig Q10 

 

 
(8) 

   



 

11. Engineers have to consider the effects of friction in most situations.  
 
(a) Briefly describe: 
 
 (i) an example where friction is a problem and its effect; 

 
 (ii) an example where friction is useful and its effect. 
 
(b) A wooden crate has a mass of 45 kg and requires a force of 90 N to slide it 
 along the deck.  Determine the dynamic coefficient of friction. 

 
 

(2) 
 
 
 
 
 
 

(4) 
   

12. Show that the shaded area in the diagram below, Fig Q12,  is given by; 
 

𝐴𝑟𝑒𝑎 = (4 − 𝜋)𝑟2 
 

 
 

(8) 

Fig Q12 
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1. Simplify EACH of the following expressions: 
 

(a) 
12 𝑎 𝑏3

6 𝑏 𝑐 
 ÷  

2 𝑎 𝑏2

𝑐2  

 

(b) 
12 𝑎 𝑏3

6 𝑎 𝑏 𝑐 
 ×  

2 𝑎 𝑏2

12 𝑎 𝑏 𝑐2 

 
 
 

(4)  

 
(4) 

  
 

 

2. A triangle sail has a right angle between mast and boom at point A. The 
length of the sail is 10 m up the mast to point B and the length of the 
diagonal, BC, is 11 m.  
 
Calculate EACH of the following: 
 
(a) the length of the sail along the boom, AC using Pythagoras Theorem;  

 
(b) the area of the sail in m2. 

 
 
 
 
 
 

(4) 
 

(4)  
   

3. A jolly boat hoist has pulleys of radius R and r. When lifting a load of L the 
effort E can be found from the following formula: 
 

      E =  
L (R−r)

2R
 

 
(a) transpose the formula to make R the subject. 

 
(b) calculate the value of R when E = 83, L = 500 and r = 50. 
 
Note: Ignore any units. 

  
 

 

 

 

 
(6) 

 
(2) 

 

   

4. A right pyramid has an equilateral triangle base with sides of 200 mm and a 
perpendicular height of 300 mm. 
 
Calculate EACH of the following: 
 
(a) the volume of the pyramid in m3;  

 
(b) the area of any one of the triangular faces in mm2 .(Excluding base) 

 
 
 
 
 

(5)  
 

(4)  
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5. (a) Sketch a complete load/extension diagram for a typical low carbon steel 
 specimen. 

 
(b) Indicate EACH of the following on your diagram: 
 

(i) limit of proportionality; 
 
(ii) yield point; 
 
(iii) maximum load. 

 
(2) 

 
 

 
(2) 

 
(2) 

 
(2) 

   

6. Fig Q6 shows a steel bar, of uniform cross section, 2.57 metres long having a 
mass of 11.05 kg. 
 
Determine the value of W kg to give a balanced equilibrium condition about 
the fulcrum. 
 

 
Fig Q6 

 
 
 
 

(9) 

   

7. An impulse turbine rotor is accelerated uniformly from 880 rpm to 1420 rpm 
in 16 seconds. 
 
Determine EACH of the following: 
 
(a) the angular acceleration in rad/s2; 
 
(b) the final linear velocity, u, in m/s of a blade on the rotor rim if the 
 effective rotor diameter is 0.4 m 

 
 
 
 
 

(4) 
 
 

(4) 
   

8. (a) Determine the thrust load in MN on a cofferdam (bulkhead) 25 m wide by 
26 m deep when flooded with seawater of density 1025 kg/m3 on one 
side only. 

 
(b) Determine the gauge pressure, in bar, at the lowest point on the 
 bulkhead. 

 
 

(4) 
 
 

(4) 

2·57m

1m

12kg Wkg



 

9. A ship has a displacement of 35500 tonne.  
 
Determine the distance a mass of 71 tonne, already on board, must be moved 
off the centreline to cause the ship to heel by exactly 1º. 
 
Given  m  x  d  =   Δ GM tan θ and  that  KM = 6.2 m, and KG = 5.3 m. 

 
 

 
(8) 

   

10. A power winch raises a mass of 580 kg through a distance of 14.6 m in 32 
seconds. 
 
The power input to the system in measured at 3.9 kW. Calculate the system 
efficiency. 

 
 
 
 

(8) 
   

11. A stationary body of mass of 12.6 kg has a horizontal force of 44.5 N applied 
to it which causes acceleration in a horizontal plane, ignoring friction. 
 
Calculate EACH of the following: 
 
(a) the acceleration of the body;  

 
(b) the distance the body will travel from rest in 10 seconds. 

 
 
 
 
 

(3) 
 

(5) 
   

12. The equation for a straight line graph is given by the following expression: 
 

𝑦 = 𝑚𝑥 + 𝑐 
 
Where 𝑚 is the slope of the graph and 𝑐 is the intercept with the 𝑦 axis. 
 
(a) Plot points shown in Table Q12 using the given scales and draw the best 
 fit line. 
 
(b) Determine the values of 𝑚 and 𝑐 from your graph. 
 
(c) State the law of the plotted straight line. 
 
Scales x axis 4 cm = 1 unit :  y axis 4 cm = 2 unit 

 

x -1 1 3 5 

y -1 3 7 11 

 
Table Q12 

 
 
 
 
 
 
 

(4) 
 

(3) 
 

(3) 
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1. (a) A large oil drum when filled contains 275 kg of heavy oil having a density of  
927 kg/m3. 

 
Calculate the mass of light oil of density 820 kg/m3 that can be contained 
in an identical drum. 
 

(b) The number 147 is divided in the ratio 2:3:5. 
 
 Calculate the difference between the largest and smallest numbers. 

 
 
 
 

(4) 
 
 
 

(4) 
   

2. A right-angled triangle ABC has an hypotenuse AB of 17.4 cm which makes an 
angle of 1.27 radians to the base line BC. 
 
Calculate EACH of the following: 
 
(a) the length of BC in metre; 

 
(b) the area of the triangle in m2. 

 
 
 
 
 

(4) 
 

(4) 
   

3. An electric motor drive comes to rest from running speed in 1 minute 52 seconds 
and turns through 1627 revolutions whilst slowing down. 
 
Calculate EACH of the following: 
 
(a) the running speed in revolutions per minute; 

 
(b) the retardation in rad/s2. 

 
 
 
 
 

(4) 
 

(4)  
   

4. The following formula can be used to determine the minimum wall thickness in 
steel tubes: 
 

T = 
𝑃𝐷

2𝑓+𝑃
 

 
Transpose the formula to make P the subject. 

 
 
 
 
 

 
(8) 
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5. (a) Plot the graph of the equation 𝑌 = 𝑥² − 2.5  between the limits of 𝑥 =  −1  
and 𝑥 =  +3. 

 
(b) Indicate on the graph obtained in Q5(a) the value of y when 𝑥 = 2.5. 
 
Note: Suggested Scale:  x axis 4 cm = 1 unit 
      y axis 2 cm = 1 unit 

 
(7) 

 
(3) 

 

    

6. A sphere has a surface area 1.6 times the curved surface area of a right cone. 
 
Calculate the diameter of the sphere given that the cone has a base diameter of 
10 cm and a perpendicular height of 12 cm. 

 
 
 

(10) 
   

7. A double bottom tank is 5 m wide x 4.3 m long x 3.9 m deep and is flooded to 
63% of its capacity with sea water of density 1025 kg/m³. 
 
Calculate EACH of the following: 
 
(a) the pressure on the tank bottom due to flooding; 

 
(b) the load on the tank bottom if the tank is now filled so that sea water 

stands 1.85 m up the sounding pipe. 

 
 
 
 
 

(3) 
 
 

(5) 
   

8. A vessel has an underwater volume of 5512 m³ in water of density  
1.025 tonne/m³.  A cargo mass is now loaded on the centreline at a position 
4.2 m above the keel causing G to rise by 0.13 m.  
 
Calculate the final displacement of the vessel if KG is now 2.9 m. 

 
 
 
 

(8) 
   

9. A vessel has a displacement of 2480 tonne and a KG of 4.3 m. 
 
A mass of 5 tonne, already on board, when moved 4 m across the deck causes 
the vessel to heel by 0.95º. 
 
Calculate the value of KM. 
 
Note: Given m x d = Δ GM tan ϴ 

 
 
 
 
 

(8) 

   



 

10. A metal rod having a diameter of 2.2 cm is subjected to an axial load of 418 kg 
and extends by 0.06 mm.  On removal of the load, the rod assumes its normal 
length of 90 cm. 
 
Calculate EACH of the following: 
 
(a) the stress in the loaded rod; 
 
(b) the strain in the loaded rod; 
 
(c) the value of the modulus of elasticity, E, for the material. 

 
 
 
 
 
 

(3) 
 

(2) 
 

(3) 
   

11. A uniform simply supported beam AB has a mass of 280 kg and a length of 5 m.  
A uniformly distributed load (UDL) of 5 kN/m run is applied over a length of 2 m 
starting from the left hand end. 
 
(a) Produce a simple sketch of the beam and forces in both magnitude and 

direction. 
 

(b) Calculate the value of the reactions RA and RB. 

 
 
 
 
 

(2) 
 

(6) 
   

12. A body starts from rest and reaches a speed of 36 km/h in 30 seconds with 
uniform acceleration. The body then continues at constant velocity for  
40 seconds and then uniformly retards in 50 seconds coming to rest in a total 
time of 2 minutes. 
 
(a) Construct the velocity time diagram for this motion. 

 
(b) Determine from the diagram in Q12(a) the total distance travelled. 

 
 
 
 
 

(3) 
 

(5) 
 









GENEML ENGINEERING SCIENCE I
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1. The iltumination (l) of a lamp varies inversely as the square of the distance (d).

lf the ittumination is 4 units at a distance of 3 m, determine the ittumination at
1 .9  m.

2. A section of steet pipe is 1.8 m in length with an internal diameter of 153 mm
and a wat[ thickness of 5 mm.

Catculate EACH of the fo[[owing:.

(a) the mass of the steel pipe;

(b) the mass of sea water that will comptetely fitt the section of pipe when the
system is working;

(c) the direct force in kN on a singte pipe support when the system is
operational.

Note: Relative density of steel 7.8, density of sea water is 1025 kg/m3.

3. A triangle with a base BC and a right angle at C has an area of 2.21 m7. The
base is 1/5 of the perpendicutar height.

Calculate EACH of the following:

(a) the length of the base BC;

(b) the value of the angle B.

4. A bearing metal contains 17 parts tin, 1 part copper, 2 parts antimony and 1 part
cadmium.

Calculate EACH of the fotlowing:

(a) the mass of tin in 3 kg of the bearing atloy;

(b) the percentage of cadmium in the bearing alloy.

(8)

(2)

(5)

(3)

(41

(4)

(s)

(3 )

lovER



Load ks 0 3 9 12

Extension mm 0 0.375 1.125 1 .5

5. Tabte Q5 shows the results from an experiment on a spiral spring.

Tabte Q5

(a) Construct a load extension graph from the data in Tabte Q5.

(b) Determine from the graph obtained in Q5(a), the possibte law connecting
load and extension.

Suggested Scales: Load 1 kg = 2 cm
Ext 0.5 mm = 4 cm

6. A pumpset delivers 47 m3 of sea water to a height of 17.8 m in 56 minutes.

Catculate EACH of the foltowing:

(a) the output power of the pumpset in kW;

(b) the input power to the motor if the efficiency of the pumpset is 73%.

Nofe: Density of seawater 1023 kglm3

7. (a) Define the term Factor of Safety.

(b) A wire rope having an effective diameter of 8 mm is subjected to a tensile
test and fails at a load of 2312k9.

Catculate EACH of the fotlowing:

(i) the breaking tensite stress in the rope;

(ii) the safe working toad if a factor of safety of 6 is given to ropes of this
size.

8 .  Abox-shapedvesse t i s28m longx8  m beam and  f toa tsa tadra f to f  4 .8  m in
water of density 1018 kg/m3. When a mass of 5 tonne, atready on board, is
moved 2.8 m across the deck, the vessel heels by 0.94" .

Calcutate the height of the transverse metacentre M above the keel given that
KG=2mandmxd=AGMtanO.

(41

(41

(6)

(2)

(2)

(3 )

(3 )

(8)



9. A vesset has an underwater votume of 2737 m3 in water of density 1023 kglm3.

Calcutate the mass to be toaded on the centreline, with Kgof 4.9 m, such that it
causes a shift of 0.15 m in shiP G.

Nofe: Original KG = 3.85 m

10. A worm and wheet tifting device has a singte start worm which is operated by a
chain driven puttey 180 mm in diameter. The wheel has 40 teeth and is directty
connected to the toad drum which is 150 mm in diameter.

Calculate EACH of the fotlowing:

(a) the movement ratio (VR) of the machine; (3)

(b) the effort in the chain if the machine efficiency is 36% at a load of 250 kg. (5)

11. A drydock gate has a width to depth ratio of 4.5:1. When ftooded to the top on
one iide only with water of density 1019 kg/m3, the hydrostatic load on the gate
is  15 .8  MN.

Catcutate EACH of the fottowing:

(a) the depth of the drydock gate;

(b) the width of the drydock gate.

12. (a) State the principte of Archimedes. Q\

(b) A piece of timber is 2.56 m tong x 174 mm wide x 82 mm deep and ftoats
horizontatly in water of density 1012 kg/m3.

Catcutate the height of wood above the water surface (freeboard) if the
density of wood is 813 kglm3 (8)

(8)

(6)

(2)
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1. Sotve for r in the fotlowing equation:

2 ( x -Z )+4  ( x -3 )  =x -6 (8)

2. A right-angted triangl,e is standing on its base which is 3.8 cm long. The
perpendicutar height is2.24 times the base length.

Catcutate EACH of the fottowing:

(a) the other base angte; (3)

(b) the difference between the perpendicutar height and the hypotenuse. (5)

3. A soLid right cone has a base diameter of 15 cm and a perpendicul'ar height of
20 cm.

Calcutate EACH of the fottowing:

(a) the surface area of the cone in m2;

(b) the volume of the cone in m3.

4. The fottowing formula is used when etectric cetts are connected in series.

nV
I  - -'  

R *n r

Make n the subject of the formuta.

(s)

(3)

(8)

lovER



5. A screw jack has a turning lever 260 mm in length which operates a singte start
screw thread of 5 mm pitch.

Catcutate the efficiency of the machine when an effort of 230 N just lifts a mass
of 3.4 tonne.

6. A body is travetling at 1.3 m/s when it is uniformty accelerated to 6.1 m/s in 12
seconds.

Catcutate EACH of the following:

(a) the acceleration;

(b) the distance travetted during the acceteration period.

7. An etectric drive comes to rest from running speed in 106 seconds and turns
through 1 236 comptete revotutions.

Catcutate EACH of the fottowing:

(a) the running speed in rev/min;

(b) the retardation in rad/s2.

8. A uniform horizontat beam AB is 5 m long and simpty supported at its ends. A
mass of 220 kg is apptied at a point 2.8 m from the teft hand end A, white a
uniformty distributed toad (UDL) of 12kg/m run is apptied over a distance of 1.7
m from end B.

(a) Make a simpte sketch of the loaded beam. (2)

(b) Using the sketch in Q8(a), determine the value of the reactions Rs and fu. (8)

9. When a mass of 5.3 tonne is moved a distance of 3.7 m across the deck of an
upright vesset, it generates a 0.8" angte of heet.

Determine the underwater volume of the vessel given that GM = 0.62 m.

Note: Density of sea woter is 1025 kg/m3 and mx d = LGM tan0.

(8)

(3 )

(s)

(4)

(4)

(8)



10.  Aboxshaped vessel  is  32 m tong x 12 m beamand f toatsata draf to f3 m in
fresh water. The vessel now moves into sea water and then toads 1624 tonne.

Determine the change in draft of the vessel that occurs when in sea water.

Note: Density of fresh water is 1000 kglm3
Density of sea water is 1025 kg/m3

11. A simple watl crane consists of a jib, 2.75 m tong being of hottow tubutar section,
O.D. 150 mm, l.D. 136 mm and making an angte of 35' to the watt. The t ie is
1.93 m tong and makes a right angte with the jib. The watl crane is supporting a
mass of 1.2 tonne at the jibhead.

(a) Produce a simple dimensionat sketch of the crane.

(b) Catcutate EACH of the fottowing:

(i) the toad in the j ib;

(ii) the load in the tie;

(iii) the direct stress in the jib.

12. A butkhead is 5.3 m deep and is ftooded to the top on one side onty with water
of density 1014 kg/mt.

Calcutate EACH of the fottowing:

(a) the hydrostatic pressure at the base of the butkhead;

(b) the width of the butkhead if the hydrostatic force under these conditions is
1 .16  MN.

(8)

(2)

(2)

(z',)

(4',)

(3)

(s)
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I . A metal alloy consists of copper and zinc in the ratio, by volume, of 9: 13.

Calculate the mass of zinc in 1.09 m3 of the alloy, given that 1 cm3 of zinc has a mass of
7.3 srammes. (8)

2. Table Q2 shows data obtained from a test on a watertight door.

Table Q2

(a) Plot a graph of time against distance. (6)

(b) Estimate the time in seconds for the door to completely close from the graph obtained
in Q2(a). Q)

(c) Determine the closing speed of the door in m/s. Q)

Suggestedscales: x I cm:2 seconds
y  1  c m : 5  c m g a p

3. A solid lead cube has sides of 9 cm length and is recast into asolid sphere.

Calculate EACH of the followingif 7.5Vo of the lead is lost in the casting process:

(a) the diameter of the sphere;

(b) the surface area ofthe sphere.

(s)

(3)

Time sec 0 5 10 l5 20
Gap cm 80 v1 62 53 44

lovER



4. A pump discharges sea water through a 7 5 mm diameter pipe to a height of 1 5 '3 m at a

constant velocity of 2 m/s.

Density of sea water 1025 kgln3.

Determine EACH of the following:

(a) the pump power in kW;

(b) the power input to the pump if the system is operating at 62%o efficiency.

A flywheel has a diameter of 570 mm and rotates at 157 radls'

Determine EACH of the following:

(a) the rotary velocity in revolutions per minute;

(b) the velocity of a point on the rim of the flywheel in km/hour'

A base of a triangle is 93 cm long. An adjacent side is 42Volonget and makes an angle of

1.08 radian to the base.

Calculate the area of the triangle in m2.

7. In a test on a simple lifting machine the following results were obtained:

Load 10.193 kg Effort 10N
Load 20.38 kg Effort 15 N
The movement ratio is 40.

Calculate EACH of the following:

(a) the law of the machine in the form E = aL I c;

(b) the force ratio and efficiency when the load is 91'75 kg'

8. Simpliff EACH of the following:

x 2 x x 3 x x s
(a )@

x 3 x 5 x
(b)  3+ T 

-  
7

5 .

(6)

(2)

(2)

(6)

(6)

(4)

(4)

6.

(8)

(4)



9. A centre tank on a ship measures 8 m x 12 mx 20 m deep and contains heavy oil having a
density of 955 kdm'.

Calculate EACH of the following:

(a) the hydrostatic load on the tank bottom plating;

(b) the draught of the ship, in sea water of density 1025 kglm3, so that the net force on the
outer bottom plating is zero.

10. A mass of 5 tonne is moved 10.3 m across the deck of a ship. This action causes the ship
to heel by 7.2'.

Calculate the displacement of the ship, given that m x d : A GM tan 0 and KM : 4.9 m and
KG:4 .25  m.

11. (a) Indicate on a simple transverse sketch of a box barge the position of EACH of the
following:

(i) the centre of gravity;

(iD centre ofbuoyancy;

(iii) metacentre.

(b) Calculate the value of GM for a box barge floating at a draught of 4.7 m, given that
KG:3.63 m and BM = 2.69 m.

(4)

(4)

(8)

( l )

( 1 )

( 1 )

(s)

12. Fig Q12 shows a circle with two tangents at right angles. Given that the radius of the circle

is x, prove that the shaded area is equal to I (, - 
I) 

(8)

Fig Ql2
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t . Pump A can fill a tank in 12 hours.
Pump B can fill the same tank in 8 hours.
Pump C can fill the same tank in t hours.

Calculate the time, in hours and minutes, to fill the tank if all pumps are working together.

2. Given that y = 14 when x = 2, andt\at y u f , calculatethe value ofy whenx = 4.8.

3. A solid right cone having a base radius of 6 cm, and a perpendicular height of 10 cm, is
lowered into a cylinder which contains sufficient water to completely submerge the cone
without water spillage.

Calculate the rise in water level if the cylinder has an internal diameter of 13 cm.

4. The following formula can be used to determine the minimum wall thickness of tubes.

PDr =1[F

Transpose the formula to make P the subject.

5. One side of a triangle is 15.3 cm long. An adjacent side is 35olo longer and the angle
between these sides is 1.047 radian.

Calculate the area of the trianele in cm2.

6. A simple wheel and axle lifting machine has an efficiency of 88%.

Calculate the effort required to just lift a mass of 350 kg given that the diameters of the
pulley wheel and axle are 480 mm and 80 mm respectively.

(8)

(8)

(8)

(8)

(8)

(8)

lovER



7. A shaft 1.86 m long has a diameter of 75 mm and when subjected to a tensile load of

330 kN extends bY 0.93 mm.

Calculate EACH of the following:

(a) the direct stress in the shaft;

(b) the direct strain in the shaft;

(c) the Modulus of Elasticity, E, for the material'

8. A bulkhead is 13.3 m high and is flooded with sea water on one side only.

Calculate EACH of the following:

(a) the depth of flooding if the hydrostatic pressure at the base of the bulkhead is

I10.6 kN/m';

(b) the hydrostatic force on a circular access door 513 mm diameter with its centre

situated 11.8 m down from the top of the bulkhead.

Note: Density of sea water 1025 kg/m'.

g. A vessel has an underwater volume of 6829 m3 when floating in water of density

l02S kg/m3. A mass of 40 tonne is now loaded on the centreline and is then moved 5 m to

port.

Calculate the angle ofheel generated to the nearest degree, given that m x d: A GM tan 0

and KG: 6.5 m and KM -- 7.3 m.

10. A vessel has a displacement of 4900 tonne with a KG of 4.7 m. An empty double bottom

tank, 6.3 m long 
" 

S.Z 1n wide x 2.8 m deep is now filled with oil having a density of

970k{m3.

Calculate EACH of the following:

(a) the mass of oil in the double bottom tank;

(b) the new position of the centre of gravity KG if the double bottom tank is symmetrical

about the centreline.

(4)

(3)

(3)

(4)

(6)

(8)

(2)

(6)



11. A uniform beamAB simply supported at A andB is 4 m longandhas amass of 2tonne.
The beam has a vertical 16 kN load positioned at 1.5 m from end A, and a uniformly
distributed load (U.D.L .) of 12 kN/m over a 1.5 m length from end B.

(a) Produce a simple sketch of the loads and reactions in both magnitude and direction.

(b) Calculate the values of the reactions Ra and Rs.

12. The velocity of a mass of 45 kg is increased from 1.9 m/s to 2.6 mls in 3.5 seconds.

(a) Determine the accelerating force required.

The mass is now retarded at 0.4 mls2 until the mass just comes to rest.

(b) Calculate the distance travelled in this retardation period.

(2)

(6)

(3)

(s)

7
L
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Attempt ALL questions

Marks for each question are shown in brackets.

1. Solve for x in the following expression:

2 ( x + 4 ) - 3 ( x -  5 )  =  x * 9

2. A cube of lead having sides of l5 cm is melted down and is recast, without loss, into three
equal spheres.

Calculate the diameter of the spheres.

3. A hollow shaft has an inside diameter of 11 cm and has the same mass as a solid shaft of
l6 cm diameter, both shafts being of the same length and material.

Determine the outside diameter of the hollow shaft in mm.

4. The followins formula relates to electric cells in series.

t -  n V
' -  

R + t r r

Transpose the formula to make n the subject.

5. A vessel steams for 4 hours at y knots and then at s/s y knots for a further 16 hours.

Calculate the initial speed y knots of the vessel if the total distance travelled is 196 miles. (8)

(8)

(8)

(8)

(8)

IovER



6' A rope pulley system consists of 3 sheaves in one block and2 sheaves in the other. The
rope pulley system is applied horizontally to move a mass of 515 kg along a horizontal
plane, with the 3 sheave block nearest the load. The coefficient of iriction b"t*""n the
plane and the mass is 0.47, and the efficiency of the pulley system is 0.52.

Determine EACH of the following:

(a) the movement ratio of the pulley system;

(b) the force ratio of the pulley system;

(c) the effort required to just move the load.

Determine the height of a mast if the stay wires make an angle of 48" to the horizontal
ground and are positioned exactly 12 mfrom the base of the mast.

Determine how far down the mast in Q7(a) the stays must be attached if they are
shortened by 3.7 m and remain at the same ground anchor point.

Define EACH of the following terms as applied to a box shaped vessel:

(i) centre of gravity;

(ii) centre of buoyancy;

(iii) metacentre.

A barge has a displacement of 2736 tonne. When a mass of 3 tonne, already
board, is moved 6 m across the deck the barge heels by an angle of 1.4..

Determine the value of GM given that m x d. - aGMtanT

A tank with a base area of 3.5 m2 is 3.7 m deep and is two thirds full of water of density
l0l9 kg/m3.

Determine EACH of the following:

(a) the pressure on the bottom of the tank:

(b) the thrust load on the bottom of the tank when the tank is completely filled and the
water rises 1.8 m up the sounding pipe.

(4)

(2)

(4)

(a)7 .

(b)

(3)

(s)

(3)

(5)

(a)8 .

(2)

(2)

(2)

(b)

(4)

9.



10. A vessel has an underwater volume of 5383 m3 in water of density l0l8 kg/m3 with
KG = 3.9 m. An empty centreline double bottom tank 14 m wide x 8 m long x 2.3 mdeep
is now filled with fresh water.

Determine the new position of the vessel's centre of gravity G above the keel.

Fig Ql l shows a uniform simply supported beam.

Determine EACH of the following:

(a) the value of W so that the reaction Rs does not exceed 250 kN;

(b) the value of the reaction Ra.

F ig  Q l1

12. A hole 18 mm in diameter is to be punched through a piece of plate 32 mm thick.

Calculate the load in the punch, given that the shear strength in the plate material is
400 N/mm2.

(8)

1 1 .

(s)

(3)

(8)
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GENERAL ENGINEERING SCIENCE I 

 

Attempt ALL questions 

 

Marks for each question are shown in brackets. 
   

1. (a) Multiply 2x + 3 by 4x – 2 

 

(b) Simplify   

(3) 

 

 

(5) 

  

 

 

2. A solid lead sphere has a volume of 1.7 m
3
.  The sphere is recast into two solid shapes, a 

cube and a right circular cone.  

 

Determine EACH of the following: 

 

(a) the side dimensions of the cube if the volume of the cube is to be one quarter of the 

total volume; 

 

(b) the base diameter of the cone if the perpendicular height is 0.93 m. 

 

 

 

 

 

 

(4) 

 

(6) 

   

3. A screw jack has a single start thread of 4 mm pitch.  An effort of 65 N is applied to the 

end of the operating handle which travels 1.94 m for each complete turn. 

 

Determine EACH of the following when the jack is lifting a load of 596 kg: 

 

(a) the force ratio; 

 

(b) the movement ratio; 

 

(c) the efficiency. 

 

 

 

 

 

(3) 

 

(3) 

 

(2) 

   

4. A ladder is 8 m long and reaches a point on a vertical wall 6.93 m from the ground. 

 

Calculate EACH of the following: 

 

(a) the distance from the wall to the foot of the ladder; 

 

(b) the angle the ladder makes with the wall in radians. 

 

 

 

 

(5) 

 

(3) 

   



 

 

5. The following formula can be used to determine the displacement of a body when 

travelling in a straight line with constant velocity: 

 

S =  x t 

 

(a) transpose the formula to make v the subject; 

 

(b) calculate the value of v, given that S = 276 m, u = 0 m/s and t = 8.625 seconds. 

 
 

 

 

 

 

(5) 

 

(3) 

   

6. Fig Q6 shows the section of a piece of metal 1.47 m long. 

 

Determine the mass of metal to the nearest kilogram, given that 1 cm
3
 has a mass of 

8.7 grammes. 

 

 
 

 

Fig Q6 

 

 

 

(8) 

   

7. (a) Plot the graph of the equation y = x
2
 + 1.75 between the limits of x = – 1 and x =  + 2. 

 

(b) Determine from the graph in Q7(a) the value of y when x = 1.5. 

(6) 

 

(2) 

7
.5

 c
m

1 cm

1 cm
10 cm



 

[OVER 

8. Fig Q8 shows a vertical bulkhead fitted with an access door.  These are flooded with 

seawater of density 1025 kg/m
3
 on one side only. 

 

Determine EACH of the following: 

 

(a) the depth of flooding if the pressure at the bottom of the bulkhead is 90.5 kN/m
2
; 

 

(b) the hydrostatic load on the access door.  

 

 
 

Fig Q8 

 

 

 

 

 

(4) 

 

(6) 

   

9. A ship slows from 15 knots to 6 knots in 25 minutes. 

 

(a) Sketch the velocity – time diagram. 

 

(b) Determine the distance travelled in nautical miles. 

 

 

(4) 

 

(4) 

   

10. A vessel has an underwater volume of 7760 m
3
 when floating in water of density 

1025 kg/m
3
.  A mass of 46 tonne is now loaded on the centreline and then moved 5 m to 

starboard.  

 

Calculate the angle of heel adopted by the vessel. 

 

Given KM = 7.3 m, KG = 6.5 m and that  

 

 

 

 

(8) 

   

11. A ship of displacement 4930 tonne has its centre of gravity G positioned 5.0 m above the 

keel.  Cargo mass of 862 tonne is now loaded on the centreline at 2.2 m above the keel.   

 

Calculate the new position of the ship’s centre of gravity G above the keel. 

 

 

 

(8) 

   



 

 

12. A wire rope is subjected to a tensile test and fails at a load of 2325 kg.  The effective cross 

sectional area is 53 mm
2
. 

 

(a) Determine EACH of the following: 

 

(i) the breaking tensile stress; 

 

(ii) the safe working load if a Safety Coefficient (factor of Safety) is given for ropes 

of this size. 

 

(b) Define the term linear strain. 

 

 

 

 

 

(3) 

 

(3) 

 

(2) 

 



CERTIFICATES OF COMPETENCY IN THE MERCHANT NAVY – 

MARINE ENGINEER OFFICER 
 

EXAMINATIONS ADMINISTERED BY THE 

SCOTTISH QUALIFICATIONS AUTHORITY 

ON BEHALF OF THE 

MARITIME AND COASTGUARD AGENCY 

 
STCW 95 SECOND ENGINEER REG. III/3 (< 3000 kW) 

CLASS 1 FISHING ENGINEER 

STCW 95 CHIEF ENGINEER REG. III/2 – “YACHT 2” 

 

 

043-11 – GENERAL ENGINEERING SCIENCE I 

 
 

THURSDAY,  19 JULY 2012 

 

1400 - 1600 hrs 

 
 

 

Examination paper inserts: 

 

 

 

 

 

 

 

 

 

Notes for the guidance of candidates: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Materials to be supplied by examination centres:  

 
Candidate’s examination workbook 

Graph paper 

 

 

1. Non-programmable calculators may be used. 

 

2. All formulae used must be stated and the method of working and ALL intermediate steps must 

be made clear in the answer. 

 



 

 



 

[OVER 

GENERAL ENGINEERING SCIENCE I 

 

Attempt ALL questions 

 

Marks for each question are shown in brackets. 
   

1. Given that y varies directly as the cube of x, and y = 12.3 when x = 2.8, calculate the value 

of y when x = 1.1. 

 

(8) 

  

 

 

2. A section of steel pipe is 2 m in length, with a bore (diameter) of 150 mm, and a wall 

thickness of 6 mm. 

 

Calculate EACH of the following: 

 

(a) the mass of the steel pipe; 

 

(b) the mass of sea water that will completely fill the section of pipe when the system  is 

working; 

 

(c) the direct force in kN that would be exerted by the section of pipe when the system 

was operational. 

 

Note: Density of sea water = 1025 kg/m
3 

Relative density of steel = 7.8 

 

 

 

 

 

(5) 

 

 

(3) 

 

 

(2) 

   

3. The base of a triangle is 94 cm long.   An adjacent side is 33% longer and makes an angle 

of 0.787 radians to the base. 

 

Calculate the area of the triangle in m
2
. 

 

 

 

(8) 

   

4. A simple wall crane consists of a jib, 2 m long, and a tie that is 1.5 m long with a right 

angle between them.   The jib carries a load of 1.6 tonne at the jib head. 

 

Determine EACH of the following: 

 

(a) the force in the jib; 

 

(b) the force in the tie. 

 

 

 

 

 

(4) 

 

(4) 

   



 

5. A flywheel has a diameter of 1.98 m and rotates at 2.13 rad/s. 

 

Calculate EACH of the following: 

 

(a) the linear velocity of a point on the rim; 

 

(b) the rotational speed of the flywheel in rev/min; 

 

(c) the number of radians turned when the flywheel rotates through 225°. 

 

 

 

 

(2) 

 

(4) 

 

(2) 

   

6. (a) Plot the graph of the equation y = x
2
 + 2 between the limits of x = -1 and x = 3 

indicating in the answer how the plotting points are obtained. 

 

(b) Indicate on the graph plotted  in Q6(a) the value of y when x = 1.75. 

 

(8) 

 

(2) 

   

7. A screwjack has a single start thread of 5 mm pitch and can lift a mass of 2.1 tonne with an 

effort of 85 N.   The effort is applied at the end of a lever having an effective length of 

0.6 m. 

 

Determine EACH of the following: 

 

(a) the movement ratio; 

 

(b)  the force ratio; 

 

(c) the efficiency when lifting the 2.1 tonne mass. 

 

 

 

 

 

 

(4) 

 

(2) 

 

(2) 

   

8. A pump discharges sea water through a 100 mm diameter pipe to a height of 14.4 m at a 

constant velocity of 2 m/s. 

 

Calculate EACH of the following: 

 

(a) the power of the pump; 

 

(b) the input power to the pump if the system is operating at 62% efficiency. 

 

Note: Density of seawater 1025 kg/m
3
. 

 

 

 

 

 

(6) 

 

(2) 

   

9. A rectangular dock gate is 24 m wide and is subjected to a hydrostatic thrust of 37 MN 

when flooded to the top, on one side only, with water of density 1021 kg/m
3
. 

 

Determine the height of the dock gate. 

 

 

 

(8) 

   



 

10. A ship has an underwater volume of 3512 m
3
 in sea water.   

 

Calculate the mass to be loaded on the centre line at a Kg of 4.8 m to cause a change of 

0.23 m in the position of the ship’s centre of gravity. 

 

Note: KG  = 3.75 m  and density of sea water  =  1025 kg/m
3
 

 

 

 

(8) 

   

11. A ship with a GM of 0.31 m heels to an angle of 1.6
o
 when a mass of 17 tonne, already on 

board, is moved 6.8 m across the deck.  

 

Calculate the displacement of the ship in tonne. 

 

 

 

 

 

(8) 

   

12. 

 
 

 

 

(8) 
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Attempt LLL questions

Marks for each question are shown in brackets.

Simplify EACH of the following:

X3  xxa  xX6

X3 xXs

,2X  4X

ftlfur&Fa ?tstv

(a)

X
ft)

2

(4)

(4)

2. A lead sphere has a volume of 0.92 m3. The sphere is recast into two solid shapes, a cube
and a right cone.

Determine EACH of the following:

(a) the side dimensions of the cube if the volume of the cube is to be Z}Vo of the total
volume of the sphere;

(b) the base diameter of the cone if the perpendicular height is to be 0.98 m.

The following formula allows pipe diameters to be determined knowing the volumetric
flow rate.

Where D = diameter m, Q = volumetric flow rate m3/s, V = velocitv m/s

(a) Transpose the formula to make V the subject.

(b) Calculate the value of D when Q = I .37 m3/s and V = 3.5 m/s.

A turbine is uniformly accelerated from 1000 rev/min to 1420 rev/min in 12 seconds.

Determine EACH of the following:

(a) the angular acceleration in radls2;

(b) the number of revolutions turned during the acceleration period.

(3)

(s)

3 .

(4)

(4)

4.

(4)

(4)

2 ,O3BV

IovER



5 . A simple wheel and axle lifting machine has the following dimensions:

wheel diameter = 300 mm Axle diameter = 75 mm

(a) Produce a simple dimensioned sketch of the lifting machine'

(b) Determine EACH of the following:

(i) the movement ratio of the machine;

(ii) the etficiency of the machine if it requires an effort of 265 N to just lift a mass of

58 kg.

(2)

(2)

(4)

6. The velocity of a 40 kg mass is uniformly increased from 1.6 m/s to 2'2

(a) Calculate the accelerating force required'

(b) The mass is now uniformly retarded at 0.3 m/s2 from 2'2 mls

comes to rest.

Calculate for the retardation period EACH of the following:

(i) the time taken to come to rest;

(ii) the distance travelled'

m/s in 4 seconds.

(4)

7 .

until the mass just

A steel bar 1.48 m long has a diameter of 50'8

195 kN extends bY 1.02 mm.

Determine EACH of the following:

(a) the direct stress in the bar;

(b) the direct strain in the bar;

(c) the modulus of elasticity (E) for the steel'

mm and when subjected to an axial pull of

g. A uniform beam AB,4 m long, is simply supported at points A and B' The beam has a

mass of 2.5 tonne and carri", u unL of 5 kN/m over a length of 2 m starting from point c'

0.75 m from Point A.

(a) Produce a simple sketch of the loaded beam'

(b) Determine EACH of the following:

(i) normal reaction at Poirrt A;

(ii) normal reaction at Point B'

(2)

(2)

(3)

(2)

(3)

(2)

(4)

(2)



g. A rectangular dock gate is 23 m wide and is flooded to its top edge, on one side only, with

water of density 1023 kg/m3.

Calculate EACH of the following:

(a) the height of the dock gate, given that the thrust under the flooded condition is

32 MN;

(b) the gauge pressure at a point 7.5 m from the base of the gate.

10. Determine the distance a mass of 28 tonne, already on board, must be moved across the

deck of a vessel of 4160 tonne displacement to correct a heel of 1.6o.

N o t e :  K M = 5 . 9 3 m , K G  =  4 . 9 6 m , a n d m x d =  l c M t a n ]

I l. A ship has a displacement of 5463 m' in sea water of density 1025 kg/m3.

Two double bottom tanks measuring 16.3 m long x 6.5 m wide x2.2 m deep are positioned

equally either side of the centre line. These tanks are now completely filled with fuel oil

of density 968 kg/m3.

Calculate the change in position of G, in both magnitude and direction, given that the

initial KG=3.8 m.

lZ. A plank of wood is 2.88 m long x 15.8 cm wide x 75 mm deep and floats in water of

density 1010 kg/m3.

Calculate the height of wood above the water surface (freeboard) given that the wood has a

density of 730 kg7m3 and floats horizontally. (10)

(t)

(3)

(8)

(8)
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Attempt ALL questions

lVlarks for each question are shown in brackets.

l. Simpliff EACH of the following:

(a)

( b )  - - 3 - x - + 3 -

2. Determine the perpendicular height of a solid right cone having a total surface area of
245 cmz given that the radius of the base is 5 cm.

3. A solid metal sphere having a diameter of I I cm is totally submerged in a tank of water.

Calculate by how much the water level will rise given that the tank is 12 cm wide by 13 cm
long.

4. The three sides of a triangular area are in the ratio of 5:8:13.

Determine the lengths of the sides given that the perimeter of the area is 470 m.

5. A hole 26 mm diameter is to be punched through a piece of steel plate 18 mm thick.

Determine the force to be exerted by the punch given that the shear strength of the steel is
380 MN/m2. (s)

(3)

(s)

(8)

(8)

(8)

lovER



Load kg 5 t0 l 5 20

Effort N 20 32 44 56

6. Table Q6 shows a set of results from a simple lifting machine.

TableQ6

(a) Construct a graph from the tabulated results.

(b) Determine the law of the machine from Q6(a).

(c) Determine the probable effort required when the load is 18.5 kg.

Suggested scales: Load axis 4 cm : 5 kg
Effort mis 4 cm : I0 N

7. A uniform beam of mass 2.5 tonne and length 5 m is simply supported at each end at points
A and B.

A point load of 250kgis applied at point C, positioned2.l m from A, whilst auniformly
distributed load (UDL) of 15 kdm is positioned for a length of 2.3 m from B.

(a) Produce a simple sketch of the loaded beam indicating forces and reactions.

(b) Calculate EACH of the following:

(i) the reaction force at A;

(ii) the reaction force at B.

(4)

(4)

(2)

(2)

(4)

(2)



8. The coefficient of friction between a body of mass 34 kg and a horizontal plane is 0.43.

Determine EACH of the following:

(a) the least horizontal force to just cause motion; (2)

(b) the acceleration if a total force of 300 N is now applied to the body; (4)

(c) the distance moved in 7 seconds from rest under the action of the accelerating force. (4)
9. A centre tank measures 8 m wide x 16 m long x 18 m deep and is full of oil having a

density of 770kgl-t.

Calculate EACH of the following:

(a) the hydrostatic thrust on the tank bottom plating; (3)

(b) the draught of the ship in sea water of density rc25 kg/rn' so that the external sea
water pressure on the outer bottom plating is just equal to the internal oil pressure. (5)

10. A mass of 68 tonne is loaded on the centre line of a vessel having an original displacement
of 9600 tonne in seawater of density 1025 kgl*'.

Determine how far the mass must be moved transversely to correct an angle of heel of 1.2" . (8)

Note: KM:5.3 m. KG: 4.2 m. and

1 l. A vessel has a displacement of 950 tonne, KG of 4.9 m, and is floating on an even keel in
sea water of density 1025 kd*t.

A double bottom tank 3.82 m wide x 4 m long x 1.6 m deep is now completely filled with
sea water.

Calculate the new position of the vessel's centre of gravity G. (8)

12. A simple wall crane consists of a solid jib 4 m long and a tie 2.8 m long, which makes a
right angle with the jib.

Determine the direct stress in the jib when the crane is lifting 1.5 tonne given that the jib
diameter is 65 mm. (8)
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Attempt ALL questions

Marks for each question are shown in brackets.

l. If y varies directly as the cube of x, andy:12.7 when x:1.3, calculate the value of y
when x : 0.5.

2. A piece of steel piling is driven into a river bed such that one quarter of its total length is in
the river bed, Yz of its total length is in the water, ffid 2.5 m remains above the water.

Calculate the length of the steel pile. (8)

3. A solid body is formed from a cone and a hemisphere, the flat faces of which exactly
coincide. The maximum circumference of the body is 44 cm, while the total height is
l7 cm.

Calculate EACH of the following:

(a) the maximum radius of the solid body; (1)

(b) the volume of the cone; (4)

(c) the volume of the hemisphere; (4)

(d) the total volume of the solid body in m3. (l)

4. A Weston Differential Pulley Block has a large pulley of 250 mm diameter and a small
pulley of 225 mm diameter. An effort of 250 N can just lift a mass of 260 kg.

(a) Make a simple sketch of this machine. (2)

(b) Calculate EACH of the following

(i) the movement ratio of the machine, showing ALL workings; (4)

(ii) the efficiency of the machine. (2)

(8)

lovER



5. The following formula relates to coupling bolts and shaft diameters:

_ t # l lD : l  
- -  

1 2
L 3 . 5 x n x r )

(a) transpose the formula to make n the subject;

(b) calculate the number of bolts (n) when D : 100, d: 600 and r = 450.

6. A mass of 240 kg is suspended by chains, as shown, in Fig Q6.

Determine the tensile force in chains AC and BC.

Fig Q6

Define the radian and express its value in degrees.

Calculate the number of radians in 168".

A flywheel is rotating at 1400 revolutions/minute.

Express this angular velocify in radians/seconds.

8. A uniform horizontal beam AB is 5 m long and is simply supported at its ends. A mass of
300 kg is applied at a point C, 3 m from the right hand end B.
A uniformly distributed load (U.D.L.) of l8 kdm is applied over a distance of 1 .5 m from
end A.

(a) Make a simple sketch of the loaded beam.

(b) Determine the values of the vertical reactions Ra and Re.

( 4 )

( 4 )

(8)

(3)

(2)

7- (a)

(b)

(c)

(3)

(2)

(6)



g. A solid steel bar has a diameter of 50 mm and a length of 2 m. The bar is now compressed

and shortened by 0.01 mm.

Determine the load in the bar if the modulus of elasticity E, for the material is 200 GN/m2. (8)

10. A box barge is 27 m long x 16 m beam and is floating in water of density 1017 kg/*'.

Calculate EACH of the following:

(a) the draught of the barge if the displacement is 1318 tonne; (4)

(b) the pressure on the outer bottom plating when the barge is floating at the draught

determined in Q10 (a). (4)

11. (a) Define EACH of the following terms as applied to a box shaped vessel:

(i) centre of buoYancY;

(ii) metacentre.

(b) A vessel has a displacement of 1328 tonne. When a mass of 4 tonne, already

onboard, is moved 3 m across the deck, it causes the vessel to heel by 1.80.

(2)

(2)

m x d
Determine the value of GM given tan 0 : 

L GM
(4)

12. A box shaped vessel has a beam of 8 m and floats at a draught of 4-5 m-

Determine the height of the transverse metacentre M above the keel. (10)

Given BM : !- und | : L b3 
where L : length (m)

v12
b: beam (m)
V : underwater volume (m')
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Attempt ALL questions
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1. (a) Multiply 3x + 2y - z by x - 3y

(b) Determine the value of x in the following equation:

2 x x 2 2 x 7

T 
+5 

1=T+8

2. Table Q2 shows data obtained from a test on a watenight door.

Table Q2

(a) Plot a graph of time against distance.

(b) Estimate the time in seconds for the door to completely close from the graph obtained
in Q2 (a).

(c) Determine the closing speed of the door in m/s.

Suggested scales: x I cm = 2 seconds
y  I c m - 5 c m g a p

3. A solid lead sphere 10 cm in diameter is to be melted down and be recast into a right cone
with a base diameter of 6 cm.

Calculate EACH of the following:

(a) the perpendicular height of the cone assuming no metal loss in the process;

(b)  themassof  leadi f  there lat ivedensi ty isg ivenas l l .3 t imesthatof  anequalvolume
of fresh water.

(3)

(5)

(6)

(2)

(2)

(7)

(3)

Time sec 0 5 l0 1 5 20

Gap cm 80 7 1 62 53 44

IovER



4. Rearrange the following motion formula so as to express a in terms of the other quantities' (8)

1 .
S=u t+ -a t '

5. A simple wheel and axle lifting machine has a wheel of 27 cm diameter and an axle of

45 mm diameter.

Determine EACH of the following:

(3)
(a) the motion ratio of the machine;

(b) the efficiency of the machine if it requires an effort of 160 N to just lift a mass of
(5)

58 kg.

6. A simple wall crane consists of a jib, 6.3 m long, attached at its lower end to a vertical

wall.

A tie, 3.3 m long, is attached to the head of the jib, and is fixed at right angles to the

vertical wall. ThL crane is carrying a load of 1 tonne at the jib head.

Calculate EACH of the following:

(a) the compressive force in the jib;

(b) the force in the tie indicating its nature'

7. A body has a mass of 8 kg and is moving at a constant velocity of 24 mls when it is

uniformly retarded to 10 m/s in 3.5 seconds.

Calculate EACH of the following:

(a) the retardation in m/s2;

(b) the value of the retarding force;

(c) the distance travelled in the 3.5 second retardation period'

g. A pump rod is 350 mm long and has a modulus of elasticity E - 205 GN/m'.

Determine its new length when subjected to a compressive stress of 15 N/mm2'

(4)

(4)

(2)

(3)

(3)

(8)



9. (a) State the Principle of Archimedes.

(b) A plank of wood is 1.37 m loSg x 25 cm wide x 90 mm deep and floats horizontally

in water of density 1019 kg/m'.

CalculateJhe height of wood above the water surface if the wood has a density of

740ks.lm' .

10. A rectangular drydock gate is 19 m wide and is designed to withstand a maximum

hydrostatic thrust of 20.3 MN when flooded on one side only.

Determine the gleatest height of river water on one side only so that the maximum

hydrostatic thrust is not exceeded.

Note: Density of river water 1010 kg/m3.

11. A vessel has an underwater volume of 3850 m3 and floats in sea water of density

1025 kg/m3. A mass of 4 tonne is then loaded on the centreline and is moved 5.5 m across

the deck causing the vessel to heel by 1.8".

Calculate EACH of the following:

(a) the final displacement, A ' @)

m x d
(b) the value of GM given GM = ------ ^ (4)

A^ tan 0

lZ. A vessel has a displacement of 1380 tonne with a KG of 3.7 m. A double bottom tank, on

the centreline, is 7 m wide x 7 m long x l.2m deep and is now completely flooded with

sea water of density IO25 kg/m'.

Determine EACH of the following:

(a) the mass of sea water in the double bottom tank;

(b) the new position of the ship's centre of gravity G.

(2)

(6)

(8)

(3)

(s)
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Attempt ALL questions

Marks for each question are shown in brackets.

1. Fig Ql shows three right angled triangles.

Calculate EACH of the following:

(a) the remaining other FOUR internal angles;

(b) the area of the triangle ABC when AB = 8.96 cm and CA =7 cm.

Fig Ql

2. (a) Plot a straight line graph from the data in Table Q2.

Table Q2

Obtain from the graph plotted in Q2(a) EACH of the following:

(i) the value of ;r when Y = -5;

(ii) the value of y when x -2.25.

Derermine the law of the plotted straight line obtained from the graph in Q2(a).

Suggested scales x axis: 4 cm = I

Y a x i s : 2 c m = 5

(4)

(4)

(s)

(b)

( 1 )

( 1 )

(3)
(c)

x 0 I 3 4

v -10 0 20 30



3. An observer's eyes are I.75 mabove the ground, and at ahonzontal distance of 18 m from

a vertical mast.

The angle of elevation to the top of the mast is 42o.

Determine the height of the mast to TWO significant figures.

4. (a) Transpose the following stress equation to make dthe subject.

t t d 3 t
f =

T6

(b) Calculatethe value of d glenthatT -662kNm, n=3.L42 andr -72.25MN/m2. (4)

5. A screw jack has a turning bar that is effectively 570 mm long and a screw thread of 6 mm

pitch.

Calculate the efficiency of the machine when an effort of 302 N just lifts a mass of 4 tonne. (8)

6. A wire rope having an effective cross sectional area of 51 mm2 is subjected to a tensile test

and fails at a load of 2540 kg.

(a) Calculate EACH of the following:

(i) the breaking tensile stress; (3)

(ii) the safe working load if a factor of safety of 5 is given to ropes of this size. (3)

(b) Define the term linear strain. Q)

7. A pump delivers 28 tonne of fresh water to an average height of 15 m in 32 minutes.

Calculate the output power of the pump, in kW.

8. A rectangular dry dock gate is 27 m wide and has river water of density l0Il kg/m3 to a

depth of 10.7 m on one side onlY.

Calculate EACH of the following:

(a) the hydrostatic thrust on the dry dock gate; (5)

(b) the hydrostatic pressure at a point 6.1 m up from the bottom of the dry dock gate. (5)

(8)

(4)

(8)



9. A vessel has an underwater volume of 7805 m'in sea water.

A mass of 45 tonne, already on board, is moved 5 m to starboard from the centreline.

calculate the angle of heel o to the nearest whole degree.

Given: KG = 6.3 m and KM =i.r m, density of sea water 1025 kg/m3.

G M  =  
m x d

Atan 0

10. A vessel has a displacement of 5000 tonne, with a KG at 4.8 m.

A double bottom tank, 7 m wide x 5.5 m long x 1.4 m deep is now filled with oil having a
specific gravity of 950 kg/m3.

Calculate EACH of the following:

(a) the mass of oil loaded into the double bottom tank;

(b) the new position of KG if the double bottom tank is symmetrical about the centreline.

11. A uniform simply supported beam AB, having a mass of 1.07 tonne, is shown in Fig Ql1.

Calculate EACH of the following:

(a) the value of the reaction Ra;

(b) the value of the reaction Rs.

Fig Ql1

(8)

(3)

(s)

(5)

(3)

IovER



12. Simplify EACH of following expressrons:

3 a b  l 5 c d o

5 c ' d 3

4 I j  m

9a 'b '

12Lmz
+ -

2o p"

(a)

(b)
5p

(3)

(s)
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Attempt ALL questions
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1. A circle has an arca1.94m2.

Calculate the volume of a sphere having the same radius as the circle.

2. A right angled triangle is standing on its base which is 4.lcm long. The vertical height is
2.4 times the lensth of the base.

Calculate geCff""f the following:

(a) the other base angle;

(b) the difference in length between the vertical height and the hypotenuse.

3. A piece of steel has a mass of 25kg and rests on an air lubricated surface.

Calculate EACH of the followine:

(a) the value of p, the coefficient of friction, if it takes 4.72N applied horizontally to just
cause motion:

(b) the acceleration caused if the applied force is now increased to 35N.

4. (a) Plot the graph of the equation y =x2 +Zbetween the limits of x = -1 and x= *3,
indicating in a table how the plotting points are obtained.

(b) Indicate on the graph obtained in Q4(a) the value of y when x = 1.8.

Suggested scales: Unit x = 4cm unit y = 2cm

5. An electric drive comes to rest uniformly from running speed in 1 minute 23 seconds and
in doing so turns through 1106 revolutions.

Calculate EA.CH of the following:

(a) the running speed of the drive in rev/min;

(b) the retardation in radls2.

(8)

(3)

(5)

(3)

(s)

(8)

(2)

(4)

(4)

IovER



6.

1

Solve for x in the following equation:

2 ( x - 3 ) - 3  ( x - 4 ) - x -  6

A hole 25mm in diameter is to be punched through a pl'ate

strength (stress) is not to exceed 350N/mm'in the punch'

Calculate the load in the Punch.

(8)

32mm thick. The shear

(8)

8. Fig Q8 shows a uniform simply supported beam AB'

Fig Q8

Calcuiate the position of the 100kN force from the beam end A so that reaction

Ra = reaction Rs.

A bulkhead is 6.gm high and 5m wide and is flooded with sea water to a height of 5-9rn on

one side only.

Calculate EACH of the following:

(a) the hydrostatic pressure at a point 4.Zmfrom the top of the bulkhead;

(b) the hydrostatic force on a circular access door 720mm in diameter with the door

centre situated at 1.9m up from the bottom of the bulkhead. 
'

l{ote: Density of sea water = 1025k8/m3.

A

Ra

B

Rs

(8)

9.

(3)

(7)



10. A centreline cargo hold measures 18m wide xZ}mlong x 6m deep and is filled with cargo
having a density of 11 69kg/m3.

The original dispiacement of the vessel Is 447 5 tonnes and the Kg of the cargo is noted at
4m above the keel.

Calculate the movement of the ships G when loaded in both magnitude and direction if the
original KG is 4.9m.

1 1. When a mass of 8.5 tonne is moved a distance of 3.3m across the deck of an upright vessel
it generates a 0.7o angle of heel.

Determine the underwater volurne of the vessel given that GM is 0.67m.

Note; Density of sea wa,ter l025kg/m' and tanl = **-d

L x G M

12. Calculate the thread core (minimum) diameter of an eyebolt to lift a maximum mass of
2000kg if the U.T.S. of the material is 464MN/m' and Factor of Safety (FOS) = 8. (8)

(8 )

(8)
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1. A bearing metal contains 19 parts tin, 1.3 parts antimony, l part copper and 0.9 part

cadmium.

Calculate the masses of the above metals to produc e 27kg of the bearing metal. (8)

2. (a)

(b)

Multiply 2x + 3 by 2x - 5

4a 5b
Simolifv - +L  J 3 b  

2 a

(3)

(s)

3. A triangle ABC has a base BC of 25cm with a right angle at point C. AC has a length of

20cm.

Calculate EACH of the following:

(a) the angle of elevation to the top of the triangle from point B, giving your answer in

degrees and minutes;

(b) the length of side AB.

The following formula relates to a simple lifting machine
and with load and effort of L & E, respectively.

ra r(n - r)
l - : -

2R

(a) Make R the subject of the given formula.

(b) Determine the value of R when a mass of 50.968kg is
r = 60mm.

having pulleys of radius R & r

lifted given that E = 70N and

5. A cast metal fitting is in the shape of a hexagon, 16mm across the corners with a hole of

6mm diameter at its centre.

Calculate the number of complete fittings that can be cast from a block of metal

6cm x 2.8cm x I.3}cmif the fittings are 10mm thick. (10)

lovER

(3)

(s)

4 .

(6)

(4)



6. A body has a mass of 14.3kg.

(a) Calculate the least force to be applied in the horizontal plane to just cause motion if

the coefficient of friction is 0.58.

(b) Express the reduction in effort needed to just move the body as a percentage of the

original value obtained in Q6(a), if the coefficient of friction is now reducedby 0.17

due to the addition of a suitable lubricant.

7. Table Q7 shows the results from an experiment on a spiral spring.

Table Q7

(a) Construct a load/extension graph from the data in Table Q7.

(b) Determine from the graph obtained in Q7(a) the probable law connecting load and
extensl0n.

Suggested scales: load lkg - 2s*

8. Fig Q8 shows a uniform simply supported beam AB which has a mass of 2 tonne.

A

RA

Calculate EACH of the following:

(a) value of reaction Rai

(b) value of reaction Rs.

(3)

(5)

(4)

(4)

Ex t  0 .5mm-4cm

(s)

(3)

Load kg 0 4 8 T2

Ext mm 0 0.5 0.93 1 . 5

16 kN
UDL 20 kN/m

Fig Q8



9. A bulkhead is 5.8m deep and is flooded to the top, on one side only, with water of density
10 1 6kg/m3 .

Calculate EACH of the following:

(a) the hydrostatic pressure at the base of the bulkhead;

(b) the width of the bulkhead if the hydrostatic force under these conditions is 1.844MN.

10. A mass of 28 tonne, already on board, is moved 3.9m across the deck of a vessel having an
underwater volume of 39 L4m3 in water of density l022kg/m3.

Calculate the angle of heel produced given that KG = 5.4m, KM = 6.3m,

and GM - mxd

A,tan 0

11. A vessel has a displacement of 5300 tonne with a KG of 4.6m. Cargo is now loaded on the
centreline with the centre of gravity Kg 3.05m above the keel.

Calculate the mass of the loaded cargo if the KG of the system is now 4.53m.

12. A mass M tonne is to be lifted using two chains and a ring as shown in Fig Ql2.

(3)

(5)

(8)

(8)

Fig Q12

Determine, by any suitable method, the value of the mass M
lower chain is to be a maximum 11200N when the angle Q is

in tonne if the tension in each
r20". (8)
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l. Solve for x in EACH of the following:

(a )  2 (x  +  +) -z (x  -  4 )=2x  - l

3x (zx + g)
r u t  - = J

520

(4)

(4)

2. A right angled triangle ABC has a hypotenuse AB of I4.25cm which mdkes an angle of
1.08 radians to the base BC.

Calculate EACH of the following:

(a) the length of the base BC;

(b) the area of the triangle ABC.

3. Table Q3 gives the load carrying capacity of roller bearing journals running at constant
speed.

(a) Plot and draw the graph from the tabular values. (6)

(b) Estimate from the graph obtained in Q3(a) the safe load in kg for a roller bearing
having a bore of 40mm. (2)

Bore mm 27.5 38 45 55

Load kg 700 1 150 1650 2200

Table Q3

Suggested scales: Icm = 2.5mm bore
Icm = 250kg load

(4)

(4)

IovER



4. The formula stated relates to a simple machine.

11 r(n - r)

2R

(a) Transpose the formula to make R the subject.

(b) Calculate the value of R given E = 70N, L= 500N andr = 60mm.

5. Calculate the curved surface area of a hollow cone having a perpendicular height of 26cm

and a volume of 0.09m3.

6. A tank measurin g7.Smlong x 5.8rn wide x3Jm deep is completely tilled with oil having

a relative densitv of 0.86.

Calculate EACH of the following:

(a) the hydrostatic pressure on the bottom of the tank;

(b) the mass of oil to be discharged to reduce the hydrostatic pressure determined in

Q6(a) to 20kN/m2.

A flywheel is uniformly retarded from l4}}tpmto 980rpm in 16 seconds.

Calculate EACH of the following:

(a) the angular retardation in rad/s2;

(b) the number of revolutions turned during the retardation period.

8. Calculate the sife working load of a collared eyebolt having a safety coefficient (factor of

safety) of 14 and the specifications shown in Table Q8.

Size Major Diameter Minor Diameter

l/424 24mm 20.15mm

Table Q8

Note: Material UTS = 850N/mm2

(s)

(3)

(10)

(3)

(s)

7 .

(s)

(3)

(8)



g. A simple wall crane, supporting a load of 1 tonne at the jib head, consists of a jib 2'25m

long being of hollow tubular seition, OD 150mm, ID 138mm, and making an angle of 35"

to rhe wall. The tie is 1.4m long and makes a right angle with the jib.

(a) Produce a simple dimensioned sketch of the crane.

(b) Calculate EACH of the following:

(i) the load in the jib;

(ii) the load in the tie;

(iii) the stress in the jib.

10. A vessel has an underwater volume of 3902rnt in water of density 1025kg/m', and has the

following particulars KB =2.9m, BM = 3m and KG = 5.1m.

Calculate the angle of heel generated when a mass of 5.5 tonne, already on board, is moved

7.38m across the deck. (8)

Given GM = * 'd 
.

A,tan 0

11. A worm and wheel lifting device has a single start worm which is operated by a belt driven

pulley 220mmin diameter. The wheel has 50 teeth and is directly connected to the load

drum which is 160mm in diameter.

Calculate EACH of the following:

(a) the movement ratio of the machine; (3)

(b) the effective pull in the belt if the efficiency of the machine is 3I7o at a load of 289kg' (5)

IZ. A ship has an underwater volume of 2927m'in seawater of density I025kglm .

Calculate the load to be landed on the centreline to cause a change of 0.15m in the position

of ship c. 
(8)

Given KG = 3.85m and the load is to be positioned 4.9m above the keel.

( 1 )

(3)

(3)

(3)
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Attempt ALL questions

Marks for each question are shown in brackets.

l. Simplifu the following:

a r a ' r a t
( a ) 3 ,

a -  xa

x2x2x(b )  -+ -
235

L)/ bzo\

is in the shape of an inverted cone having

,J LA

2. The abrasive tank in a pressure cleaning machine
a diameter of 1.4m and an apex angle of 60o.

Determine the volume of the abrasive tank-

(4)

(4)

(8)

(8 )

3 . Two sides of a triangle measure 5.3cm and 7.3cm
between them is 44"27'.

Calculate the area of the triangle in square metres.

respectively, and the included angle

Given thatnzr + I : NR, rearrange the terms to make nthe subject.

Calculate the value of R when r :0.725, N : 16 and n:7 ' I92'

4. (a)

(b)

(4)

(4)

-)

5. (a) Plotthe graph of y: * 
-3x between the l imits of x:0 and x:6.

L

(b) Using the graph obtained in Q5(a) state the value of x when y : -3 -

(8)

(2)

IovER



6. The thread of a screwjack has a pitch of 12mm and the machine is operated by a lever

having an effective length of 350mm. When an effort of 80N is applied a load of 455kg

can just be lifted.

Calculate EACH of the following:

(a) the force ratio of the machine;

(b) the movement ratio of the machine;

(c) the efficiency of the machine under these load conditions.

7. A body is travelling at 2.27m/s when it uniformly accelerates to 5m/s in 6.3 seconds.

(a) Define EACH of the following:

(i) acceleration, stating units;

(ii) distance travelled, in terms of velocity and time.

(b) Calculate EACH of the following:

(i) the acceleration of the bodY;

(ii) the distance the body travelled in 6.3 seconds.

(3)

(3)

(2)

( 1 )

( 1 )

(3)

(3)

8. Determine the value of the uniformly distributed load (UDL) in kl'{/m for the loaded beam

shown in Fig Q8, given that the value of R3 is to be 85ld\r. (10)

Fig Q8

Determine the factor of safety for a rod 10 i .6mm in diameter if the maximum static tensile

load is 327kN and the ultimate tensile stress of the material is 460MN/m2.
9.

(8)



10. (a) A ship has a displacement of 6495 tonne and when amass of 28 tonne, already on

board, is moved transversely across the upper deck by a distance of 8.3m, an angle of

heel of 2o is generated.

Determine the position of the centre of gravity KG above the keel given that

m x d : A. GM tanT and KM : 4.02m. (6)

(b) State the effect the removal of the 28 tonne mass witrl have on the position of G and

the stabiliw of the vessel. Q)

1 . A rectangular bulkhead, 18m wide, is flooded on one side only with water of density

l020kg/m'.

Calculate EACH of the following:

(a) the depth of flooding if the hydrostatic pressure at the bottom of the bulkhead is
(3)

63kN/m2t 
,

(b) the hydrostatic load on the bulkh ead atthe depth of flooding determined in Q1 1(a)- (5)

lZ. A vessel has an underwater volume of 3415m3 when in water of density l025kg/m'.

A double bottom tank 15m long x 12m wide x 2.3m deep, on the centreline, is now

completely filled with oil havingarelative density of 0.86.

Determine the position of the cenke of gravity above the keel, KG, given that the original

KG was 6.1m. (8)
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1. Given thaty varies directly asx, inversely as z, and ! =2 when x=3 andz = 5.

Determine the value of v when x = 4 and z = 6.

2. A triangular field has a perimeter of 649m. The sides are in the ratio 9:13:15.

Calculate the length of EACH side.

3. A wooden pattern is in the shape of a sphere with a diameter of l5cm and is oversize by

l.67%o on the linear dimension, to allow for manufacture.

Calculate the mass of a metal sphere cast in material having a density 8.7 times that of

fresh water.

(8)

(8)

(8)

4. Solve for x in the following equation:

3x -  (x+r2)  =3.2s
5 \ .20)

(8)

5. A sotid right cone has a volume of 1231.5cm3 and stands on a base of radius 7cm.

Calculate EACH of the following:

(a) the perpendicular height of the cone;

(b) the total surface area.

(4)

(6)

lovER



6. The periodic time of a pendulum is given by the formula:

tr
T -2n  l -

1s
(a) Transpose the formula to make Lthe subject.

(b) Calculate the value of g to 2 decimal places given that L = 50cm, r = 3.142 and
T - 1.418 seconds.

7. A body accelerates from rest for 8 seconds and attains a speed of 10m/s. The body
continues at this steady speed for 8 seconds and then accelerates to Z}m/s in 4 seconds.
The body continues at uniform velocity for l0 seconds and then retards to rest in a further
30 seconds.

(a) Sketch the velocity time diagram.

a(b) Calculate EACH of the following:

(i) the second stage acceleration in m/sr;

(ii) the distance travelled in metres.

8. Fig Q8 shows a simple wall crane.

AB = 4.5m
BC =6m
CA = 7.5m

Load 2 tonne

C

Fig Q8

Calculate EACH of the following:

(a) the direct force in the tie;

(b) the direct force in the jib.

(4)

(4)

(3)

(2)

(5)

(4)

(4)



g. A wire rope having an effective cross sectional area of 47 3mrrf is subjected to a tensile

test and fails at a load of 2475kg.

Calculate EACH of the following:

(a) the tensile stress at the moment of failure; @)

(b) the safe working load if a Factor of Safety of 5 is given to wire ropes of this size. (4)

10. A tank measuring 8.3m long x 6.3m wide x 4.3m deep is full of oil having a relative

density of 0.86.

Calculate EACH of the following:

(a) the hydrostatic pressure at the bottom of the tank;

(b) the mass of oil to be discharged to reduce the hydrostatic pressure calculated in

Q10(a) to 25kN/m2.

11. When a mass of 5 tonne is moved 4m across the deck of a vessel it causes a heel of 0.9" to

be generated.

Calculate the displacement of the vessel given that KM = 4.6m, KG = 3.8m and

G M  -  
m x d

A,tan 0

12. A vessel has an underwater volume of 2938rfi in water of density 1021kg/m3.

Calculate the mass to be loaded on the centreline to cause a change of 0.18m in the

position of G given that KG is 3.63m and the load is to be positioned on deck 4.77m above

the keel. 
- 

(8)

(3)

(5)

(8)
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l. (a) State the Theorem of Pythagoras.

(b) A ladder is 8.66m long and is positioned against a vertical wall such that the foot of

the ladder is 4.065m from the wall.

Calculate the perpendicular height to the top of the ladder.

2. (a) Draw the graph of y - x2 fot values of -r between r = -1 and x = +2'

(b) Using the same axes draw the graph of:

! =x +1.5 for values of x between J = -1 and x = +2'

(c) Determine the co-ordinates of the points of intersection of the graphs.

Note: suggested scales I unit x = 4cm
l u n i t ! = 4 c m

3. A right angled triangle has an area of 2.8r*. The sides are in the ratio of 5: l2:I3 and the

triangle stands on the shortest side.

Calculate EACH of the following:

(a) the perpendicular height;

(b) the hypotenuse.

4. A solid hemisphere has a diameter of 21cm.

Calculate the total surface area in m2.

(3)

(s)

(4)

(4)

(2)

(5)

(3)

(8)

IovER



5 . The following formula may be used to determine torque in shaft transmission systems.

tD3 r
T_

16

Transpose the formula to make D the subject.

Calculate the shear stress t when T = 6350Nm and D = 0.0974m.

Multiply 2x + 4 by 3x - 5

4a 5b
Simplifv - + -

3b 2a

7. An electric motor comes to rest from running speed in 1 minute 7 seconds and turns

through 1018 revolutions before coming to rest.

Calculate EACH of the following:

(a) the running speed in rev/min;

(b) the retardation in rad/s2.

8. Calculate EACH of the following:

(a) the coefficient of friction between a machine having a mass of 462kg and a horizontal

surface if it takes 2.7kN apptied parallel to the horizontal surface to just cause motion;

(b) the force applied parallel to the horizontal surface to just cause motion if rollers are

introduced under the load reducing the coefficient of frictionby 73Vo.

g. (a) produce a simple diagrammatic sketch of a double purchase (double reduction) crab

winch.

(b) Using the sketch in Q9(a) prove that the movement ratio is equal to

L ,. product of followers
r product of drivers

where L = effort arm tength and r = load shaft radius.

(a)

(b)

(s)

(3)

(a)6. (3)

(s)(b)

(4)

(4)

(4)

(4)

(4)

(6)



10. (a) Indicate on a simple transverse sketch of a box barge the position of EACH of the
following:

(i) centre of gravity G; (1)

(ii) centre of buoyancy B; (1)

(ii i) metacentre M. (1)

(b) Calculate the value of GM for a box barge floating at a draught of 4.lm given that
KG = 3.95m and BM = 2.83m. (5)

1 1. A vessel has an underwater volume of 2927rfi in water of density 1025kg/m3. A mass of
40 tonne is loaded on the centreline, then moved 2.48m to port, and in this condition
KG = 4.95m and KM = 5.88m.

Calculate EACH of the followine:

(a) the displacement in tonnes;

(b) the angle of heel generated to the nearest whole degree, given that

G M  -  
m x d

A,tan 0

12. A drydock gate rs 42m wide and has water of density 1018kg/m3 on one side only to a

depth of 14.8m.

Calculate EACH of the following:

(a) the hydrostatic gauge pressure, in bar, at a point 2m up from the bottom of the gate; (3)

(b) the hydrostatic load on the gate. (5)

(3)

(5)
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GENERAL ENGINEEzuNG SCIENCE I

Attempt ALL questions

Marks for each question are shown in brackets.

l .  Solve forx in  the fo l lowing equat ion:

2 ( x + 4 ) * 3 ( x - 5 ) : x - 7

2. Pump A can f i l l  a tank in l2 hours.
Pump B can fil l the same tank in 6 hours.
Pump C can f i l l  an identical tank in 3.5 hours.

Calculate the time, in hours and minutes, to fil l the tank if all the pumps are working
together. (8)

3. The area of an annulus is given by the following formula:

,  nD'  rd '  ,  n  .  , .A - - where D : major diameter, d: minor diameter.
44

(a) Transpose the formula to make d the subject;

(b) Find the area of an annulus having a major diameter of 7cm and a minor diameter of
5cm.

4, Calculate EACH of the fol lowing:

(a) the perpendicular height of a r ight angled tr iangle having a base length of 7.34cm and
a hypotenuse of I  l .3lcm using Pythagoras Theorem; (5)

(b) the area of the tr iangle in Q4(a) in m2. (3)

5. An open ended cyl inder, diameter 10cm and height 23cm, is half  f i l led with l iquid. A
heavy metal sphere of 9.6cm diameter is now submerged in this liquid.

Calculate the distance from the r im of the cyl inder to the l iquid level.

( 8 )

(6)

(4)

(8 )

lovER



6. Calculate the diameter of pipe that wi l l  pass six t imes as great a volume of water as a plpe

| .25m in diameter.

Note: Assume the water velocity remains constant'

7. A body starts from rest and reaches a speed of 54km/h in 32 seconds, continues at this

speed for 1.5 minutes and then retards to come to rest in 45 seconds. Assume acceleration

and retardation to be uniform.

(a) Draw the speed-time graph representing this movement. (3)

(b) Calculate EACH of the fol lowing:

( i)  the total distance travel led in km; (3)

(ii) the retardation in m/s2. Q)

8. A pump delivers 65m3 of sea water to a height of 28m in 6 minutes.

Calcutate EACH of the fotlowing:

(a) the output power of the pump in kW;

(b) the input power of the pump if the efficiency is 0.65.

Note; Density of sea water I025kg/mr

g. A screwjack has a single start thread with a pitch of 5mm and is operated by a lever having

an effective length of 285mm.

Calculate the efficiency of the machine when lifting a load of 290kg with an'effort of

29.94N.

10. A bulkhead is 7m high and is f looded to a height of 6.1m with sea water on one side only'

Calculate EACH of the fol lowing:

(a) the hydrostatic pressure at the base of the bulkhead; (4)

(b) the hydrostatic force on a circular access door 740mm in diameter having its centre

situated 5.9m down from the top of the bulkhead (6)

Note: Density of sea water I025kg/m3

(8)

(s)

(3)

(8)



11. A vessel has an underwater volume of 3918m3 in water of density l02lkg/m3 and when a
mass of 5.5 tonne, already on board, is moved 9.7m across the deck it causes the vessel to
heel  by L8" .

Calculate the distance from the keel to the transverse metacentre siven KG :3.75m and
m x d

G M =
Ltan 0

12. A vessel has a displacement of 1060 tonne. A double bottom tank on the centre line is
l .3m deep x 4.4m wide x 5.76m long and is completely f looded with water of densiry
l0 l  8kg/m3.

Calculate EACH of the fol lowing:

(a) the mass of water added to the double bottom tank;

(b) the new position of the ship's centre of gravity G when the tank is flooded, given that
the or ig inal  KC is  3.9m.

(3 )

(s)
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Attempt ALL questions

Marks for each question are shown in brackets.

I . Simplify EACH of the following:

x '  x . t r '  x  x t
( a ) ? 4

x -  x  x '

x3x5x
f t )  -+ -

324

(4)

(4)

Z. Table Q2 gives the mass W (kg) and the coffesponding effort E newton for a Simple lifting

machine.

w (kg) 3 8 .8 15.2 18

E (N) 45 72 105 118

Table Q2

(a) Plot the graph from the tabular values. (6)

(b) Determine, Aom the graph produced in Q2(a), the effort needed to just lift a mass of l
r2kc. (2) 

:
(c) The significance ofthe origin ofthe graph in Q2(a). (2) 

I

Note: suggested scales W axis lcm= 2kg
Eaxis lcm = 5N

3. Calculate the area of an equilateral triangle having sides of length'13cm.

4. A right pyramid is 78cm high and stands on a hexagonal base having sides of 2lcm.

Calculate the volume of the pyramid in m3.

(8)

(8)

IovER



5. The total surface uea of a solid cylinder is given by the formula:

S  =2m2 +Zmh

(a) Transpose the formula to make h the subject.

(b) Calculate the total surface area of a solid cylinder having the following dimensions:
diameter 18cm; height 15cm.

6. Calculate the mass of a piece of steel tube 2.85m long having an inside diameter of 25mm
and a tube wall thickness of 6mm.

Note: Steel is 7.6 times heavier than an equal volume offresh water.

7. Abodyofmass Zlkgismovingatauniformvelocityof Zgmlswhenitisretardedto 1lm/s
in 5 seconds.

Calculate EACH of the following:

(a) the retardation in m/s2;

(b) the retarding force necessary;

(c) the distance travelled during the 5 second retardation period.

8. A uniform simply supported beam AB is 5m long and has a mass of 1.8 tonne. Point loads
of 0.9 tonne and 1.3 tonne are applied at 1.3m and 4.lmfrom the left hand end A.

(a) Sketch the beam AI!, showing ALL relevant loads and dimensions.

(b) Calculate EACH of the following:

(i) the vertical reaction Re at the left hand end A;

(ii) the vertical reaction Re at the right hand end B.

(5)

(3)

(8)

(3)

(2)

(3)

(2)

(3)

(3)



9: A steel rod of diameter 2.5cmis subjected to an axial tensile load of 517kg and extends by

0.08mm. On removal of the load the rod assumes its normal length of 95cm.

Calculate EACH of the following:

(a) the direct stress in the rod when loaded;

(b) the direct strain in the rod when loaded;

(c) the value of the Modulus of Elasticity, E, for the material.

10. A rectangular bulkhead is 15m wide and is flooded on one side only with water of density

1019kg/m3.

Calculate EACH of the following:

(a) the depth of flooding if the pressure at the bottom of the bulktread is 120k1'{/m2; (4)

(b) the hydrostatic load on the bulkhead when flooded to the depth determined in Q10(a)' (4)

11. A vessel has an underwater volume of 1039m3 in water of density 1023kg/m3.

Calculate EACH of the following:

(a) the displacement of the vessel; (3)

(b) the distance a mass of 1.06 tonne, already on board, must be moved athwartships to

correct a list of 0.4' (5)

Given GM - 
mx d 

KM : 4.23m KG : 3-97m'
L,tan 0

lZ. A vessel has a displacement of 5750 tonne. A cargo mass of m tonne is now loaded on the

centreline at a posltion 4.lm above the keel causing ship's G to rise by 0.13m.

Calculate the final displacement of the vessel given that the original KG is 2.8m. (8)

(4)

(3)

(3)
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Attempt ALL questions

Marks for each question are shown in brackets.

A large drum when filled contains 273kg of heavy oil having a density of 920kglm3.

Calculate the mass of light oil of density 810kg/m3 that can be contained in an
identical drum.

The number 152 is divided in the ratio 2:3:5.

Calculate the difference between the largest number and the smallest number.

The formula shown allows the stress in thick cylinders to be calculated:

Express/in terms of the other quantities.

3. A right angled triangle ABC has a hypotenuse AB of l8.2cm which makes an angle of
L.176 radians to the base line BC.

Calculate EACH of the following:

(a) the length of side BC to the nearest whole centimetre;

(b) the area of the rriangle ABC.

4. A solid lead sphere has a diameter of 112.8mm. The sphere is melti:d down and recast into
a cube wrth 37o material wastage.

calculate the length of the largest diagonal in the cube. (8)

5. A solid right cone has a perpendicular height of Zficmand a base diameter of l2cm.

Calculate the total surface area to the nearest cm2. (8)

D

(a)1 .

(b)

(4)

(4)

D lt*
d= 1i/*

(8)

(4)

(4)

[ovER



6. A body accelerates uniformly fromrest at 1.5m/s2 for L2 seconds, then travels at constant

velociiy for 34 seconds and finally decelerates uniformly for a further 24 seconds before

coming to rest.

(a) Sketch the velocity - time diagram.

(b) Determine the total distance travelled.

(c) Determine the average velocity for the whole journey.

7. A metal component 337mm long has a diameter of 50mm and when subjected to an axial

tensile load of 285kN extends by 0.61mm.

Calculate EACH of the following:

(a) the direct stress in the component;

(b) the direct strain in the component;

(c) the modulus of elasticity E for the material.

g. A rope pulley tackle has three pulleys in the upper block and two pulleys in the lower load

carrying block. An effort of 265N is required to just lift a mass of 108kg.

Calculate EACH of the following:

(a) the force ratio of the system;

(b) the movement ratio of the system;

(c) the efticiency of the sYstem.

g. A plank of wood 2.44mlong x l44mmx 85mm deep floats in water of density 1006kg/m3.

Calculate the height of wood above the water surface given that the wood has a density of

730k/nf and floats horizontallY.

10. An empty container has a mass of 2.1 tonne and is on the centreline of a vessel of

6030 tonne displacement.

Calculate the mass that can be loaded in the container to cause the vessel to heel by 0.9"

when the container and cargo are moved across the vessel by 4.6m.

Note: m x d = L GM tan? with KG = 4.7m and KM = S'lm

(3)

(3)

(z)

(3)

(3)

(2)

(3)

(3)

(2)

(10)

(10)



11 .  Avesse lhav ingad isp lacemento f  5 l20 tonnehas i t scen t reo f  g rav i t yG loca ted  a t4 '7m

above the keel. A load of 780 tonne is now positioned on the centreline at2-9m above the

keel.

Calculate the new position of the ship's centre of gravity KG.

12. (a) Plor rhe graph using the co-ordinates in Table Q12.

(b) Using rhe graph obtained in Q12(a), determine the equation of the line.

Table Q12

Suggested scales: x axis 4cm = I unit

y axis 2cm = I unit

(8)

(4)

(4)

X I 2 2.75 3 .5

Y 2.25 5 .11 7.02 8.87
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Attempt ALL questions

Marks for each question are shown in brackets.

1. Convert EACH of the following decimal fractions to the lowest vulgar fraction showing
ALL workings:

(a) 0.375

(b) 0.44736

2. The following formula can be used to determine the wall thickness of tubes:

r y P D

2 f  +  P

Transpose the formula to make/the subject.

3. (a) Plotthe graph of the equation y =f- 1.5 between the limits of x= -1 and x=+2. (i)

(b) Indicate on the graph in Q3(a) the value of y when x = 1.8 (3)

Suggested scales: x axis 4cm = I unit
v axis 4cm = I unit

4. (a) State the Theorem of Pythagoras.

(b) The diagonal of a rectangle exceeds the length by 2.5cm

Calculate the length of the rectangle given that the width is 12cm.

5. An isosceles triangle has sides of 45cm standing on a base of 35cm. The angle between a
side and the base is 67.1'

Calculate the area of the triangle in square metres.

l

IovER

(3)

(s)

(6)

(2)

(6)

(8)
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6. A rectangular lead block measuring 75cm x 18cm x I2cm is recast into a solid sphere with
ZVo material wastage.

Calculate the diameter of the sphere.

7. A flywheel is accelerated from 980rpm to I420rpm in 16 seconds.

Calculate EACH of the following:

(a) the angular acceleration in rad/s2;

(b) the number of revolutions turned during the acceleration period.

The coefficient of friction between a body of mass 46kg and a horizontal plane is 0.72.

Calculate EACH of the following:

(a) the least horizontal force to just cause motion;

(b) the force applied given that the resulting acceleration is 2.lm/s2:

(c) the distance moved in 7 seconds from rest under the action of the accelerating force.

9. A horizontal uniform beam AB is simpty supported at each end. The beam is 4m long and
has a mass of 1250kg. A uniformly distributed load of 5kN/m is 2m long and is situated
to begin at 0.75m from the left hand end, A.

(a) Sketch the beam, indicating ALL relevant information and forces acting.

(b) Determine the values of the reactions at the supports.

10. The gauge pressure at the bottom of a lock gate is 1.78 bar when flooded to the top with
seawater of density I025kg/nf on one side only. The gate is 18m wide.

Calculate EACH of the following:

(a) the depth of the gate;

(b) the hydrostatic thrust on the gate.

(8)

(s)

(3)

8 .

(2)

(4)

(4)

(3)

(1)

(3)

(5)



11. A ship h?r an underwater volume of 2927m3 when floating in seawater of density

l025kglm'.

'Calculate the mass to be loaded on the centreline to cause a change of 0.15m to the

position of the ships G, given that KG is 3.85m and the toad is to be positioned on the deck

49m above the keel.

12. A vessel has a displacement of 4380 tonne and is listing to port by 1. 1".

Calculate the distance a container, already on board, must be moved from the centreline to

cause the vessel to become upright. The container is 6m long x 1.98m wide x 2.I3m high

and is filled with cargo having a mass of 0.71 tonne/m3. The empty container has a mass

of 2 tonne.

.  G i v e n  m x d = A ,  x  G M x t a n 9 a n d G M = 0 . 7 m

(8)

(8)
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Attempt ALL questions

Marks for each question are shown in brackets.

1. Simpliff EACH of the following, showing ALL working:

(a)

(b)

(4)

(4)

(8)

2. Solve EACH of the following:

(a) the sum of three consecutive whole numbers is 39, state the numbers;

(b) two numbers are in the ratio 1:9 and their sum is 23, state the numbers.

3. A pump rod is 520mm long and has a modulus of elasticrty of 200GN/m2.

Calculate the axial compressive stress that will cause the rod to shorten by 0.08mm when
under load conditions.

(4)

(4)

4. Calculate the area of a regular hexagon that measures 5cm across the corners.

5. A pipe 1.85m long has an outside diameter of 75mm and an inside diameter which is84%o
of the outside diameter.

Calculate the mass of the pipe given that the relative densrty of the pipe material is
7.7 times that of fresh water. (10)

Note: Density offreshwater is t000kg/m3

(8)

IovER



6. Calculate the height of a right cone having a volume of 2.7 litres and standing on a base of
8cm radius.

7 . A screwjack has a single start thread of 6mm pitch and can lift a load of 1.7 tonne with an
effort of 92N. The effon is applied to a lever having an effective length of 40cm.

Calculate EACH of the following:

(a) the movement ratio of the machine; (3)

(b) the force ratio of the machine; (2)

(c) the efficiency ofthe machine when lifting a load of 2 tonne with an effort of 97N. (3)

(8)

8. A power hoist is used to raise a mass of 312kg through a vertical height of llm in
8.6 seconds.

Calculate the efficiency of the system given that the power input is 9.lkW. (8)

9. A horizontal uniform beam AB is simply supported at each end. The beam is 4.7m long
and carries a uniformly distributed load of 14.7k1.{/m over its entire length. A mass of
235kg is applied vertically downwards at a point 1.8m from end B.

(a) Sketch the beam, indicating ALL relevant information and the forces acting.

(b) Calculate the value of the reactions at the supports.

10. The centre of a glass viewing port that is 0.406m in diameter is situated in a vertical plane
2m above the tank bottom.

Calculate the maximum height of water in the tank if the glass can withstand a hydrostatic
load no greater than 6.51d{. (8)

Note: Density of water I02Skg/m

1 1. A vessel has an underwater volume 2817m3 when floating in water of density 1013kgim3.

Calculate the angle of heel generated when a load of 4.8 tonne, already on board, is moved
3.8m athwartships.

Given: m x d : AGMtan 0 withKM : 4.9m and KG : 4.45m

(3)

(7)

(8)



12. A vessel has a displacement of 8460 tonne with KG = 5.3m. Four double bottom tanks,
on the centreline, of l5m length x 4m beam x 2.08m depth are now filled with seawater.

Calculate the change in the position of G in the vessel in both magnitude and direction. (8)

Note: Density of seawater I025kg/m3.
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Attempt ALL questions

Marks for each question are shown in brackets.

1. (a) Multiply 2r - 4 by 2x + 3

(b) Simplify 2* * 3! x z!

2. Calculate EACH of the following:

(a) the length of the vertical side of a right angled triangle having a base of 7.8cm and a
hypotenuse of 12.48cn, using Pythagoras Theorem;

(b) the area of the triangle to the nearest cm2.

3. A cylindrical vessel has an internal diameter of 1.85m and a maximum internal tengh of
4.96m measured from inside the outwardly dished hemispherical ends.

Calculate the volume of the vessel. (10)

4. A screwjack has a screw thread of 4mm pitch operated by a lever 280mm in length.

Calculate the efficiency of the screwjack when a horizontal effort of 270N applied at the
end of the lever just lifts a mass of 1.885 tonne. (g)

5. A pump delivers 68m3 of sea water to a height of 24min one houi and eight minutes.

Calculate EACH of the following:

' (a) the output power of the pump in kW;

(b) the input power of the pump if its efficiency ts 60Vo.

Note: Density of sea water is l025kg/m3

(3)

(s)

(s)

(3)

(5)

(3)

lovER



6. (a) Define the radian.

(b) State the number of degrees rn2.09 radians.

(c) Calculate the number of revolutions made by a flywheel in 25 seconds if the flywheel
has an angular velocity af 4.02 radls.

7 . A pump rod is 0.46m long and has a modulus of elasticity E = 200GN/m2.

Calculate EACH of the following:

(a) 'the strain in the rod when subjected to an axial compressive stress of 16N/rnm2; (5)

(b) the new length of the rod when loaded as in Q7(a). (3)

8. A tank has the following dimensions 12m long x 8m wide x 8m deep and is filled to the top
with liquid of density 1038kg/m3.

Calculate EACH of the following:

(a) the hydrostatic pressure at a point lm from the bottom of the tank;

(b) the hydrostatic force on the largest tank side.

9. A vessel of displacement 4460 tonne is heeled to port by 1.8" and is required to heel to
starboard by exactly 1".

Calculate the distance a mass of 19 tonne, already on board and on the centre line, must be
moved to complete the change. (8)

Note: m x d = lGM tan 0 with KG = S.Im and KM =5.7m

10. A simple crane consists of a jib that is 4.5m long attached at its lower end to a wall and a
tie rod 6.5m long connecting the jib head to the wall.
The angle between the jib and tie is 90" and the crane supports a load of 1.5 tonne at the jib

head.

Determine EACH of the following:

(a) the force in the jib;

(b) the force in the tie rod;

(c) the direct stress in the tie rod which is 55mm in diameter.

(2)

(2)

(4)

(3)

(5)

(4)

(4)

(2)



11. A vessel has a displacement of 4780 tonne with a KG of 4.7m.
An empty double bottom tank, 6m long x 5.8m wide x 2.8m deep is now filled with oil
having a density of 960kg/m3.

Calculate the new position of the centre of gravity KG given that the tank is symmetrical
about the centre line of the vessel. (8)

12. The law of a straight line is given by the following expression:

Y = a X + b

(a) Pl6t and join the pairs of points shown in Table Q12 using the given scales.

(b) Determine the values of a and b fromyour graph.

(c) State the law of the plotted straight line.

Scales: X axis 4cm = 1 unit
Y axis 4cm = 1 unit

X -1.5 0 2 3

Y 0 2 4.65 6
Table Q12

(4)

(2)

(2)
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t. Solve for r in the follor,ving eqllatlon:

2 ( x + 4 ) - 2 ( x + 5 ) : x - 7

Z. A sphere has a surface area i.6 times the culed srirface area of a right cone.

Calculate the diameter of the sphere given that the cone has a base diameter of lOcm and a

perpendicular height of 12cm.

3. The periodic time of a pendulum is given by the fonnula:

I r
l l J

T  :2n  J -
1 l  s
!l 6

(a) Transpose the formula to make g the subject.

(b) Calcrilate the value of g to one decimai place given that

L : 50cm - TE:3.142 and T = 1.4i8 seconds.

A bod,v is at rest and is then uniforml5'accelerated for 75 seconds during lvhich it covers a

distance of 1406m.

Calculate EACH of the follor,ving:

(a) the value of the uniforrn acceleration in */.t,

(b) the velocit-v of the body after 75 seconds.

5. Ify ya6*s inrrersel), as the square of r, and.r, : 12 when r = 3.1, calculate the value of-t'

when r :  0.93.

('€r'' /.-7

(8)

(10 )

(5)

(3)

4 .

(4)

(1i

(8)

IovER



6. (a)

(b)

Define the moment of a force about a point.

Detennine the value of P, the force necessary to maintain equilibrittm of the moments

of force about point O shorvn in Fig Q6.

(3)

(s)

(4)

(4)

Fig Q6

7 . A simple wheel and axle lifting machine has an efficiency of 68%.

Calculate the effort required to .just lift a rnass of 330kg given that the diarneters of the

pulley rvheei and axle are 450mm and 75mm respectively.

g. A box barge is 42m long and 18m beam and floats in water of densiti' 102lkg/m'.

Calculate EACH of the follor.ving:

(a) the draught of the barge if the displacement is1540 tonne;

(b) the pressure on the outer bottom plating r,vhen the barge is floating at the draught

calculated in Q8(a).

g. A vessel has an underwater volume of ?805m3 l,vhen floating in water density I025kgim'

A mass of 45 tonne is now loaded on the centre line and is then moved 5m to starboard.

KG = 5.5m and KM - 7 .3m.

Calculate the angle of heel generated to the nearest degree.

N o t e :  m . x d = h G M t a n ?

(8)

(8)



10. A ship has a displacemelt of 7000 tonne u,hen floating in rvater of densrtS' ftZ3kglm3. rvith

KG:  3 .8m.

Trvo double bottoin tanks measuring i5m long x 3.5m wide r 2.3m cleep are equaliy

spaced either side of the centre line. These tanks are now completel-v filled n'ith slurry

having a densitv of 1800kg/m''

Calculate the change in the position of G in the ship in rnillirnetres. (10)

II. A rectangular bulkhead is i6.5m r,vide and lvhen flooded to the top on one side onlv urith

rvater of density 1020kg/mi supports a hydrostatic load of 32MN.

Calculate the heieht of the bulkhead to the nearest metre.

i2. A uniform beam sirnplr, supported at each end is 4.6m long and has a mass of 2 tonne.

Point loads of 30kN are applied at 1.5m and 2.5m from the left hand end.

(a) Sketch a labelled diagram of the loaded beam.

(b) Caiculate the values of the reactions at the supports.

(8)

{2)

(6)
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l. A bearing metal contains 19 parts tin, 1.2 parts antimony, I part copper and I part

cadmium.

Calculate the masses of tin, antimony, copper and cadmium to produce 35kg of the bearing

metal. (8)

2. Calculate the sum ofi

(rL*21)*sl-11 +z!"31
\  4  s )  3  4  5  3

(8)

3. A weather balloon is released vertically from a position on a declg point D.

After some time interval the angle of elevation from a point P on the same deck is 240 and

the distance between D and P is measured at 150m.

Calculate EACH of the following:

(a) the height of the balloon;

O) the angle of elevation when the balloon is tluee times as high.

4. The following formula relates to a simple machine having pulleys of radii R and r and with

Load and Effort L andE respectively.

E_

(a) Transpose the formula to make rR the subject.

(b) Using the equation from Q4(a), calculate the value of R when E = 70, L - 500,and
r :  60.

(4)

(4)

z(n - r)
2R

(6)

(4)

lovER



5. A hexagonal nut is 16mm across the corners and has a plain hole 6mm diameter at its
centre.

Calculate the number of nuts that can be cast from a block of metal 6cm x 2.5cmx I .2cm if
the nuts are 8mm thick. Assume that 1 .86% of the metal is lost in the casting process. (10)

6. A body has a mass of l6.4kg and lies on a horizontal plane.

(a) Calculate the least force applied parallel to the plane to just cause motion if the
coefficient of friction between the body and the plane is 0.49.

(b) The coefficient is now reduced by 0.13 by the addition of a suitable lubricant.
Express the reduction in effort needed to just move the body as a percentage of the
original value obtained in Q6(a).

Table Q7 shows the results from an experiment on a spiral spring.

Load (ke) 0 4 7 t2

Ext. (nun) 0 0.5 0.875 1 .5

Table Q7

(a) Construct aload/extension gaph.

(b) Determine from the graph in Q7(a) the probable law connecting load and extension.

Suggested scales: Load IkS = 2cm
Ext 0.5mm = Scm

(3)

(s)

7.

(4)

(4)

8. Fig Q8 shows a uniform simply supported beam AB, which has a mass of 2.2 tonne.

Calculate the values of reactions R1 and Rs.

Fig Q8

(8)



9. A vertical rectangular bulkhead is 5.6m deep, and is flooded to the top on one side only
with water of density 1016kg/m3.

Calculate EACH of the following:

(a) the hydrostatic pressure at the bottom of the bulkhead;

(b) the width of the bulkhead, given that the hydrostatic force on the bulklread is
2.188MN.

(4)

(4)

10. A vessel has a displacement of 5440 tonne with KG at 4.7m.
Cargg is now loaded on the centeline with its csnte of gravity 2.83m above the keel.

Calculate the mass of the loaded cargo if the KG of the system is now 4.55m. (8)

11. A mass of 13 tonne already on board is moved 6.8m across the deck of a vessel having a
displacement of 4327 tonne.

Calculate the angle of heel produced.

G i v e n  m x d - A G M t a n d  a n d KG = 5.4m and KM : 6.3m

12. A uniform beam of mass M tonne is to be lifted using three chains and a ring as shown in
Fig Ql2.

(8)

Fig Ql2

Determine by any suitable means the value of M in tonne, given that the
lower chains is 11200N when the angle iD is 1200.

tension in the
(8)
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l. The perimeter of a rectangle' is 800mm. When the length is halved and the breadth is
doubled the perimeter is increased by 300mm.

Calculate the dimensions for the original rectangle.

2. The time of swing of a pendulum is given by the following formula:

(8)

,=rof

Transpose the formula to make g the subject.

3. A plate is in the form of an equilateral triangle. The area of the plate is 1.93m2

Calculate the length of side of the triangle.

4. A fllnvheel has a diameter of 660mm and rotates at 154 rad/s.

Calculate EACH of the following

(a) the rotational speed of the flyvheel in revlmin;

(b) the linear velocity of a point on the flyvheel rim;

(c) the angular retardation if the flyvheel slows uniformly from running speed to rest in
25 seconds.

(8) .
i

:
//o\ l
\o, l

(4)

(3)

(3)

Io'



5. Table e5 grve the load carrying capacity of roller bearing journals running at speed.

Bore (rrun) 25 35 55 65

Safe load (kg) 626 103 1 2182 3r43

Table Q5

(a) Plot the graph from the tabular values.

(b) Estimate, using the graph in Q5(a), the safe load in kg for a roller bearing having a

bore of 45mm.

Suggested scale: Icm = 2.5mm bore
Icm: 250kg load

Fig e6 shows a section of a vertical support column having a wall thickness of 9mm.

A vertical load of 3.6 tonne is applied at the top of the column.

Calculate EACH of the following:

(a) ,the stressin the column in N/mm2

(b) the sfiain ̂ in the column given that the modulus of elasticity E for the material is

20lGN/m'"

A bulktread is 27m wide and 18m deep and is flooded to the top on one side only wit}t

water of density 1023kg/m3.

Calculate EACH of the following:

(a) the pressrre at a point 16m below the water sr:rface;

(b) the length of a rectangular plate, lm high, positioned with its lower edge 15.5m below

the surface if the hydrostatic force is not to exceed 0.3MN.

(6)

(2)

6.

(6)

(4)

7 .

(3)

(5)

Fig Q6



8. Calculate the distance a mass of cast iron, 1.25m long x 0.88rn x 0.8m, already on board,

must be moved across the deck to cause a vessel of 844tonne to heel by 0.70.

Note: KG = 4.7m l{fuf = 5.9m density of CI = 7.2 x tdkg/mr

(8)

g. A box barge 18m logg and 6m beam has a displacement of 550 tonnes and floats in water

of density 1018kg/m'.

Calculate the height of the fiansverse metacente above the keel. (8)

Given BM=L and
V

L : lengfh (m)

B = beam (m)
V = underwater volume (m3)

, LB'
I  = -

1,2

10. The coefficient of friction between a mass of 25kg and a horizontal plane is 0.18.

Calculate EACH of the following:

(a) the least horizontal force to just cause motion;

(b) the acceleration if the force is now increased to 320N;

(c) the time taken to fravel 8.5m from rest under the action of the accelerating force.

11. Fig Ql 1 shows a simply supported beam AB.

Calculate the distance x mefies such that the reaction Rs is 10k${ less than reaction Ra.

Rn: 204

(2)

(3)

(3)

(8)

ld{

U.D.L. 16lcNl/m

Fig Ql1

lovER



t2. Fig Q12 shows two forces acting at a point P.

Calculate the resultant force in both magnitude and direction.

Fig Q12

(8)
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1. A flyvheel has a diameter of 0.68m and turns at 1400 rev/min.

Calculate EACH of the following:

(a) the angular velocity in radls;

(b) the linear velocity in m/s of a point on the flyrfteel rim.

2. Fig Q2 shows the tapered end of a pump rod.

Calculate the angle of the taper.

(4)

(4)

, " {

] 

o37mr^

Fig Q2

3. A solid sphere has a diameter of 186mm.

Calculate EACH of the following:

(a) the surface area in m2'

(b) the volume in m3.

4. A rorpe pulley system oonsists ofthree sheaves in one block and two sheaves in the other.
The rope pulley system is applied horizontally to move a mass of650kg along a horizonal plane.
The coefficient of friction equals 0.52 bet'nreen the mass and the plane.

Calculate the effort required when the tbree sheave pulley is nearest the loa4 given tlnt the
efficiency ofthe system is 0.55. (10)

(8)

(4)

(4)

lovER



5. One side ofa tiangle is 46.8mm long.
One adjacent side is 38% longer and the angle between these sides is 59o.

Calculate the area ofthe triangle. (8)

6. A punp rod is 590mm long and has a modulus of elasticity E = 202GN/#.

Calculate the final loaded length when subjeoted to a direct cornpressive stess of 18N/mm2. (10)

7. A ship has a displacemurt of 1060 tonne. A double bottom tank on the centeline is 1.3m deep
by 42m wide by 5.76m long and is conpletely filled with water of dansity 1018kg/#.

Calculate EACH of the following:

(a) the mass ofwater added to the double bottom tank; (3)

(b) the new position of the ship's ce,nte of gravity G when the tank is filled, given that the
original KG is 3.9m. (5)

8. (a) Define EACH of the following terms as applied to a box shaped vessel:

(i) cente ofbuoyancy; Q)

(ii) metacente. Q)

ft) A vessel has a displacement of 1313 tonne. When a mass of 4 tonne, already on board is
moved 5m across the deck it causes the vessel to heel by 1.3o.

Caloulate the value ofGM given mxd=AGMtane. (4)

9. The following formula allows torque to be determined in a shaft.

T=
nd3t

r6
Where I: Torque, z = shear stess, d = shaft diameter.

(a) Transpose the formula to make dthe subject.

O) Calculate the value of d when T= 575klim, r= 3.14 and r: 78MN/m2.

(3)

(5)



10. A bullfiea! is 17m high and 13m wide and is flooded on one side only with water of density
t023kg/m3.

Calculate EACH of the following:

(a) the pressure, in bar, at the base of the bulkfiead;

O) the hydrostatic force on an access door, 1.5m x 1.5m, the lower edge of which is situated
2m above the bottom of the bull*read.

I 1. Fig Ql l shows a simply supported beam AB.

Calculate the value ofreactions Ra and Re

A pump delivers 50m3 of sea water, havittg a density of 1025kg/m3, to a height of 23m in 25
minutes.

Calculate EACH of the following:

(a) the output power of the pump in kW;

O) the input power of the pump if the effrciency of the pump is 0.73"

(3)

(5)

(8)

t2.

(s)

(3)

U.D.L.5 ktl/m

Fig Ql l

2m |  3rn
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1. An equilateral triangle has an area of 2.68m2.

Calculate the length of the sides of the tiangle. (8)

2. A rectangular sheet of metal, .rcm by ycm, has squares of zcm cut from EACH corner.
The sheet is then bent to form a tray of depth zcm.

(a) Derive an expression for the contained volume of this tay. (4)

O) Calculate the volume of the tay using the expression derived from Q2(a) and the
following values, x : 6cm, y = 8cm and z: lcm. (4)

3. The following formula relates to acceleration, time and distance.

^ - 1 $  
- u t )

t a -  z  

t ,

(a) Transpose the formula to make a the subject.

O) Find the value of z in lsr/h when s : 90m, a:9.8lrnisz and r :2.75s.

4. Calculate the mass of a piece of steel tube 1.85m long having an outside diameter of 38mm
and a tube wall thickness of 5.5mm. (10)

Note: Steel is 7.7 times heavier than an equal volume offreshwater.

5. A uniform beam AB supported at each end is 7m long and has a mass of 2.15 tonne. A
uniformly distributed load of 4kl.I/m run is applied from the A or left hand end over a
length of 3m.

Calculate the value of the reaction forces at points A and B. (8)

(4)

(4)

lovER



6. A box barge is 18m long x 6m bearn and floats at a draught of 5m in water of density
l024kglm3. When a mass of 3 tonne, already on board, is rnoved 4m across the deck the

barge heels by 1.3o.

Calculate the height of the transverse metacentre M above the keel given that KG :2m. (8)

Note: mx d = L,GM tan0

7 . fui observation tank is 4m long x 4m wide x 5m deep and contains liquid of density
1006kg/m3 to a depth of 4.3m.

A square glass viewing port, 0.5m x 0.5m, is fitted in the cenfre of one side.

Calculate EACH of the following:

(a) the hydrostatic pressure on the bottom edge of the glass viewing port;

(b) the hydrostatic force on the glass.

8. A vessel has an underwater volume of 2439m' in water of density 1025kg/m3 with
KG: 3.95m.

Two cylindrical tanks 5m diameter and 12m long are located symmetrically about the
centre line and are now filled with liquid having a density of l018kg/m3.
KG of tanks = 2.7m.

Calculate the shift in the centre of gravity G in the vessel in BOTH magnitude and
direction.

9. A flywheel has a diameter of 120mm and rotates at 98 rad/s.

Calculate EACH of the following:

(a) the angular velocify of the flywheel in revolutions per minute;'

(b) the linear velocity of a point on the rim in kn/h.

10. A worm and wheel lifting device has a single start worm which is operated by a belt driven
pulley 150mm in diameter. The wheel has 50 teeth and the load drum diameter is 100mm.

Calculate EACH of the following:

(a) the movement ratio;

(b) the effective pull in the belt if the efficiency is 35o/o andthe load is 265kg.

(4)

(4)

(8)

(2)

(6)

(3)

(5)



11. The coefficient of friction between a body of mass 40kg and a horizontal plane is 0.4.

Calculate EACH of the following:

(a) the least horizontal force to just cause rnotion; (2)

(b) the acceleration of the body if the force is increased to 300N; (4)

(c) the distance the body moves in 5 seconds from rest under the action of the
accelerating force. (4)

12. A hole 22mm in diarneter is to be punched through a piece of plate 25.4mm thick.

Calculate the load in the punch given that the shear strength of the plate material is
400N/mm2. (8)
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fif Pt L- Lot's

l. A pump discharges 95m3 of sea water to an upper deck situated 14.8m vertically above the
pump in t hour 7 minutes.

Calculate the power supplied to the pump motor if the systemefficiency isTl%.

Note: Sea water density is l025kg/m3. (8)

2. The area of a circle is 1.06m2.

Calculate the volume of a sphere having the same radius as the circle. (8)

3. A right angled triangle is standing on its base which is 6cm long.
The vertical height is 2.3 times the length of the base.

Calculate EACH of the following:

(a) the other base angle;

(b) the difference in length between the vertical height and the hypotenuse.

4. A piece of steel has a mass of 23.7kg and sits on an air lubricated horizontal surface.

Calculate EACH of the following:

(a) the value of the coeffrcient of friction if it takes a force. of 4.65N applied parallel to
the surface to just cause motion;

O) the acceleration of the mass, if the applied force is now increased to 34N.

5. An electric motor comes to rest from running speed in 1 minute 47 seconds and turns
tlnough I 193 revolutions.

Calculate EACH of the following:

(a) the running speed in revlmin;

O) the retardation in radlsz.

(3)

(5)

(3)

(s)

(4)

(4)

lovER



6. (a) PIot the graph of the equationy : xt + 2 between the limits of x = -1 and x: 3.

(b) Indicate on the graph in Q6(a) the value of y when x = r.5.

Suggested scale: x acis: 4cm = I unit
y axis: 2cm = I unit

7 . Calculate EACH of the following:

(a) the movement ratio of the crab winch shown in Fig e7.

(b) the effort required to lift a mass of 480kg, given that the efficiency of the crab winch
in Q7(a) is 0.392.

Fig Q7

8. Fig Q8 shows a simply supported beam AB.

An additional l00kII force acting vertically downwards is to be applied to the beam.

Calculate the position of the additional 1001d{ force, so that reaction Rn = reaction Rs .

(6)

(2)

(6)

(4)

t<
0)
c)

cg

€

(8)

20OkN

Fig Q8



9. A vessel has an underwater volurne of 3918m3 in water of density 1021kg/m3, and when a
mass of 5.5 tonne already on board is moved 9Jm across the deck it causes the vessel to
heel by 1.80.

Calculate the distance from the keel to the metacentre given that KG = 3.75m and that
m x d  =  A G M t a n O .  ( g )

10. A vertical bulkhead is 7m high and 5m wide and is flooded with sea water to a height of
6.3m on one side only.

Calculate EACH of the following:

-(a) 
the hydrostatic pressure at the base of the bulkhead; (4)

O) the hydrostatic force on a circular access door 760rnrn diameter with its centre
situated S.7mdown from the top of the bulkfread. (6)

Note: Density of sea water = I025kg/m3

11. A vessel has a displacement of 6200 tonne and a KG of 5m.
Cargo of average density 1140kg/m3 is now loaded to fill a centreline hold
20rn wide x 20m long x 8m deep and the centre of gravify of this cargo is 4.7m above the
keel.

Calculate the movement of the ship's G when loaded, in both magnitude and direction. (8)

12. Calculate the thread core diameter of an eyebolt to lift a maximum load of 2000kg if the
U.T.S. of the material is 490MN/m2 and the Safety Coefficient (Factor of Safery) is 8. (8)
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I . Solve for x in the following equation:

3x (x + 12) =3.25
520

Z. Calculate the perpendicular height of a triangle whose base is 60mnr in length and whose
(8)areais3xl0 '3m2.

3. A solid lead cone having a base diameter of 144mm and perpendicular height of 232mm is

melted down and recast into FI\IE ide'ntical spheres-

Calculate the diameter of these spheres assuming 7Yo of ttre cone volume is lost in the

process. (8)

4. The thread of a ssrew jack has a pitch of lOmrn and the machine is operated by a lever

having an effective length of 318mm. The screw jack lifu a mass of 530kg with an

applied effort of 58N.

(a) Define force ratio (mechanical advantage), sating the value for this machine" (4)

(b) Define movement ratio (velocity ratio), stating the value for this machine. (4)

5. (a) Draw the graph of y = ;7 for even values of x betrnreen 0 and 10.

(b) Determine from the graph drawn in Q5(a) the value of the s$ure root of 75-

Suggested scales: X axis I cm = 0.5
Yaxis lcm = 5

(8)

t.. ..

(7)

(3)

lovER



6. The area of a fiapezium is givar by the formula n=ry

(a) Transpose the formula to make b the subject'

(b) Calculatethevalueof b giventhat A=48m2,Q= 5mand h= 4m'

7. A box barge has a l€ngth to b€am ratio of2.8:1 aod u underwater rolumc of484m3 when

floating in water of a*sity 1018kg/m3. The beam of the barge is 6rn

Calculate EACII of the followiog:

(a) the hydrosatic pressrrc on the botton ptrating; (4)

(b) tbe hydrosatic force on the bottom plating. (4)

g. A vessel has a centre of gravity of 4.93m while the position of the metacentre is 5.95m

above the keel. A rnass of 6.i tonne already loaded on the vessel is now moved 3-25m

across the deck causing the vessel to heel by 0'8o'

Calculate the displacement of this vessel given that m x d = A GM tan0-

g. A vessel has a displacement of 4324 tonne with a KG = 4.7m'

A sentretine double bottom tank 18.2m long x 9.8m beam x 1.9m deep is now filled wittl

fuel oil, relative density(specific graviry) 0.878.

Calculate the new position of the centre of gravity above the keel-

10. The velocity of a 45kg rrass is insreased from 1.75mls to 2.15m/s in 2 seconds-

(a) Calculate the accelerating force required'

O) The mass is now retarded with uniforrn retardation of 0.3m/s2 until the mass just

comes to rest.

Calculate EACH of the following for the retardation period:

(i) the time taken to come to rest;

(ii) the distance Eavelled-

(4)

(4)

(8)

(8)

(s)

(2)

(3)



11. A steel pipe in a fresh water system has an external diameter of 38mrn, an internal

diameter oigZ** and is 10.3m long. Relative density of steel is 7.8.

Calculate EACH of the following:

(a) the mass of the PiPe;

(b) the volurne of fresh water in the pipe.

12. Fig Q12 shows a sinple wall crane.

Calculate EACH of the following:

(a) the force in the jib;

(b) the direct stress in the jib grven that ttre jib is of hollow section 190rnm x 190mrn

with 7.5mm wall thickness

5.8 m

Fig Q12

(5)

(3)

(3)

(s)
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1. Giveir tbat y = 16 wbcn x = 2, and tbat yis directty popctimal to x'z'

Calculare tbe value ofy wbcn x = 5 (E)

Z. A sphe,re of dianeter 9cn is recast into a solid right cone having a base radius of 4c'm-

Calculate the perpendicula heigbt of the cone Lf 15% of the sphere volume is lost in the

casting process.
(8)

3. The following formula can be used to determine ffos minirnum wall thickness in t$es.

Transpose the forrrula to make P the zubject:

T= 
PD

2f+P (8)

(8)4. Calculate the area of an equilaterat triangle having sides oflelrgth 1lcn-

5. The law of a staight line is give,n by Y = aX+ b-

(a) Define the teirr a in the expression. A)

(b) Defme the term b in the expression. Q)

(c) (i) Plot and join the pairs of points in Table Q.5 (4)

(ii) Determine the values of a and b Aom the graph plotted in Q.s(cXi) Q)

x -1 0 I 2
Y 0.5 1.0 1.5 2.0

Table Q.5

lovER



6. A st€el rod 2.lcm diameter is zubjected to an a:rial load of 495kg and extends by 0'07 qm'

on re,ooval of the load the rod assumes its normal length of 94crn.

Calculate EACH of the following:

(a) the stress in the rod when loaded;

(b) the stain in the rod whe'lr loaded;

(c) the value of the modulus of elasticity (E) for the aaterid'

7. A unk is z metres dee,p with sides of 3.1 metres and is 96% full of water baving a density

of 1015 Wd

Calculate EACTI of the following:

(a) the pressrne on the botom of the nlq I

(b)thehydrostaticforceonthesidesofthetank.

8. hry A can fill a taok in 12 hours'

hry B can fill the strme tank in 8 hours'

Prry C can fiIl an identical tank in t hous'

calculate tbe time in hours and minutes to filltbe ark if alt Puqs are working together' (8)

(4)

(3)

(3)

(4)

(4)

9. A vessel bas a displace,me,nt of 4900 tonne. Four double bottom tanl$ are now filled to

73% capacity with water of density lO22 Vdd :oh tank having the following

dinensions: lengtb 8 metres; width 4.6 metres; de'pth 3'15 metes'

calculate the position of G in tbe vessel if the ds''ul KG was 3'9 metres'

10. A siryle wheel and axle lifting machine has the following dimensions:

diameter of a:rle 75 mm
diameter of wheel 300 mm

Calculate EACH of the following:

(a) the movement ratio (velocity ratio) of the machine;

O) the effici€ncy of the machine if it requires an effort of 240 N to just lift a rnass of

54kg.

(8)

(3)

(5)



11. A vessel has a displaceme,nt of 4860 tonne and when a uuss of 5 tonne, already on boar4

is moved 7 metres asross the deckthe vessel heels by 1o'

calcutate tbe value ofKG gven that KM = 4.75 metes and

m x d  =  /GMtot?

Fig Q.12 shows two forces acting at a pobt P'

Determine the resulant force in EACH of the followbg:

(a) magsitude;

(b) direstion.

Fie Ql2

(8)

t2.

(4)

(4)

6lt'rl
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Marks for each gestion are shown in brackets
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I t )r>

toor-y

1. Sinphfy EACII of the following:

-1  -3 ,9( a )  13+22 - t -\ - '  3 -  4  16

(b) 6a-$a-Iq"-A -zo)I

A right anglgd triangle has an aea of 2d. The sides are in the ratio of 5:12:13 and the

triangle stands with tbe shortest side as the base.

calculate EACII of the following:

(a) the perpendicular heieb!

(b) . the length of the hlpotenuse.

Gl Define the radian.

O) Calculate the nrmber of degrees in 1.75 radian.

(c) Calcutate the angular velocity of a fllmheel if a poitrt on the rim passes a cotmter

16 times m25 seconds.

4. Calculate the mass of a piece of steel tube 2.85m long having an inside dianeter of 25rl'rt

and a hrbe wall tbicloess of 6mna- (8)

Note: Steel is 7.6 times heavier tlwn an qual voltmte offresh watq.

(3)

(5)

3 .

(o
Q)

a)
(2)

(4)

lovER



5. In a test on a lifting macFiae tbe followbg resuls wele obtahed: i

gI: Load=10.193kg ?: Etrst=10N

Load=20.38kg Efrct= t5N I t. g.ie

Movemeotratio(velocityratio)=4g -E- 
4c y &l ttBpa€'

calculateEAclloftbefollowing: 
' 

L' !
. .  1 \  t

(a) thelinearlawoftcmachine; P= 4 +[(W) (O

@) the fcce ratio (nccbmical a&ataep) and efficiercy wbor tbe load is S1'55k' (4)

6. (a) Drawthe grapb of y = * for values ofr betrveco -l alrd +2 (4)

@) Usiag tbe sane arcs draw lhe graph ofy = x + 15 (4) '

(c)Degminetbcoo<rrdinaresoftiepoisofiffiegti@oftbegrapbsrhawnbQ6(a)
and(b)' 

@

Suggested scale: zlcm = I uit X

. 4co= l uitY

7. A box barge 22 metes rong and 12 metres beam, has a mass of 960 tonne and floats in

water of aJrsitY 1017 kg/*''

calculate the absolute pressure on the botom plating if the atmospheric pressne is

1.013bo.*" 
a'Soruut PrsDDurs vrr r'rv "vwv.* 

[ t.i+ EeeJ 
(8)

g. A bulkhead 2g metes wide and 1g metres deep is flooded to ttre torp, on one side only, witlt

water of densitY 1025kg/m3'

calculate the hydrostatic force on tbe bulltread in MN' (8)

g. whe,n a mass of l2tonne is moved 5.2 metres across the deck it causes a vessel to heel by

0.d.

calculate the displacement of the vessel grven that KM = 5.grr, KG = 4-9m and that

mx d = LGM tzs,0 (8)



10. A body layrng on a borizontal srrface has a mass of 11.8kg and requires a horizontal force

of 661'I to just cause motion.
: ' l

Calculate EACTI of the following:

.z:;rf.? ': 
d i

t t

itr:\r:Lr, :.rr(? Ihfrvalue $F: coefficient of friction;

Ci rF g"itffi ?frarwoutd resutt if a horizontal force of 122N was aprplied.

. T . t t

.u . i  i , , . t r  tJ

I 1 . A gniform siryly supported beam AB, having 
" 

-^, of 1.07 tonne, is shown in Fig. Q'l 1

Calculate EACII of tbe following:

(a) the value ofthe reaction Rd

O) tbe value of the reaction Rs.

Fie. Ql1

> a r

I ' iA  I  l "
l - r + 3 a

L2. A pile is to be sunk 4 metres into the seabed'

Calculate tbe length of the pile if 33% of tbe pile lengfh !s to be immersed in the water and

one quarter of the pile length is to be above the water srrface.

uu

(3)

(5)

(s)

(3)

(8)



GENERAL ENGINEERING SCIENCE I

Attempt ALL questions

Marks for each question are shown in brackets.

O(T- '/ ttt, I

l. Calculatethe value ofywhanr= 1 .g57,grven t\atyvaries asthe cube ofa andthaty: l8

when x = 3.

2. Fig. Q2 shows a triangular plate ABC.

Calculate EACH of the following:

(a) The length of side BC;

O) The areaof the Plate in m2-

Table e3 gives the mass lifted W(kg) and the coresponding effort E(Newtons) for a lifting

rnachine.

W (kg) 3 9 15 18
E 0.I) 45 73 105 118

Table Q3

(a) Draw a graph for load values between 0 and 20 kg from the data grven in Table Q3.

(b) Determine, using the gaph drawn in Q3(a) the effort needed to lift a mass of l3kg.

(c) State the significance of the point where the graph in Q3(a) cuts the 0 kg load axis.

Note. Suggested scale W axis I cttt = 2kg
E axis lcm = 5N

(8)

(4)

(4)

(6)

(2)

(2)

@

lo\rER



4. A hollow shaft has the following dimensions:

Lengttr 3.36rn, outside diameter 45mm and inside diameter 83% of the outside diameter.

Calculate the mass ofthe shaft given that the material has a relative density of 7.3.

5. An accelerating force of 35ill is applied to a body of rnass 18kg in a horizontal plane.

Calculate EACH of the following:

(a) ttre acceleration of the bodY

(b) ttre distance the body will travel from rest in 12 seconds.

6. Calculate the drauglrt of a loaded box barge floating in water of density 1018kg/m3 grven

that the external pritt-" on the bottom plating is 51.Zd'fim2 .

( 10)

(3)

(s)

(8)

7. A solid sphere has a diameter of 15cm and is melted down and recast into a rectangular

bloclc

Calculate the length of the block to the nearest cm given that ttre wi&h is to be 95mm and

the height is to be 124mrn

Define the radian and express its value in degrees-

Calculate EACH of the following:

(i) the angular velocity in radians/second for the how hand of a clock

(ii) the angular velocity in radians/second for the minute hand of a clock

(a) Indicate on a simple transverse sketch of a box barge the position of EACII of tbe

following:

(i) centre of gravity;

(ii) centre of buoyancY;

(iii) metacentre.

(b) Calculate the value of GM for a box barge floating at a draft of 5nrU given that

KG = 3.83m and BM = 2-79m-

(8)

8. (a)

(b)

(4)

a)
Q)

9.

(1)

(1)

(1 )

(s)



10. Calculate the distance a russ of 15 tonne, already loaded on the vessel, must be moved

across the deck to cause the vessel to heel by 1.3o.

Displacemant =5333 tonne KlvI = 4.8m KG =3.9m.

Giventhatmxd=AGMtm0'

I 1. Fig Ql1 shows a siryly support'ed beam AB'

The rnlue of the rmiformly distributed load is 1'5kg/m.

calculate the values of reaction forces Re and Rs

Fig Ql1

(8)

(8)

12. Fig Ql2 shows a circle with two tangents at right angles'
(

is x, prove that the shaded area is equal to * ' 
| 1 -
\

Fig Q12

Given that the radius of the circle

7 T l

4)
(8)
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