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This paper consists of TWO sections A and B.
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Answers should be written in the answer sheets provided.

Maximum marks for each part of a question are indicated.

Candidates should answer the questions in English.

Take Acceleration due to gravity, g=9.81m/s2
[image: image2.png]u=4n X 107'F /m



  and[image: image4.png]£, = 8.85 X 107F /m




This paper consists of 4 printed pages.
Candidates should check the question paper to ensure that
all the pages are printed as indicated and no questions are missing.
Candidates caught cheating will be disciplined.

SECTION A: ENGINEERING MATHEMATICS I 

Answer any THREE questions from this section.

1. (a)  
Prove the identity 
[image: image5.wmf]22
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(2 marks)

(b) 
Solve the equation
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qq

=

 ,for values of  
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   from 
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  inclusive.  










(4 marks)

(c)  
Derive the term containing 
[image: image9.wmf]12
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 in the expansion of 
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(4 marks)

(d)  
Find the stationary points of the surface
[image: image11.wmf]32
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 and determine their

 nature.     








(10 marks)

2. (a)  
Solve the equation
[image: image12.wmf]3cos2sin1

qq

+=

 for values of
[image: image13.wmf]q

 from
[image: image14.wmf]0360

to

°°

 inclusive. 











(4 marks)

(b)  
Express 
[image: image15.wmf]7

sin
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 in terms of 
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(8 marks)

(c)  
Determine the values of the gradients of the tangents drawn to the circle 
[image: image17.wmf]22
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 at  x=1, correct to four significant figures.
(6 marks)                                    

(d)  
Determine the volume of a barrel which has a height of 2.0m and its cross-sectional areas at intervals of 0.50m are:

	Area m2
	1.80
	2.25
	3.15
	2.55
	1.80

	Position m
	0
	0.50
	1.00
	1.50
	2.00





      (2 marks)

3 .  
(a)  
In how many ways can five beads, chosen from eight different beads be threaded


on to a ring.







(4 marks)

      
(b)  
Show that    
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(4 marks)

      
(c)  
Differentiate from first principles  
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(6 marks)

      
(d)  
The pressure p and volume V of a gas are related by the equation 
[image: image20.wmf]1.4
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. Find

the approximate percentage change in C when the pressure is increased by 2.3 per

cent and the volume is decreased by 0.84 percent.     


(6 marks)

4.  
(a)  
Solve the equation     [image: image22.png]log(x —3) +log(x +3) = 2log(x + 2)



    
(6 marks)


(b) 
Differentiate the function   
[image: image23.wmf]22
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(5 marks)


(d)  
Calculate the five roots of
[image: image24.wmf]2
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 in the  a+jb  form, correct to four decimal


places.  







(9 marks)

5.  
(a)  
Write the identities connecting hyperbolic functions corresponding to:

(i)

[image: image25.wmf]22
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(ii)

[image: image26.wmf]22
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(1 mark)

(b)  
Express 
[image: image27.wmf]cos3

q

 in terms of powers of 
[image: image28.wmf]cos
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 .       


(4 marks)


(c)  
Find the polar co-ordinates equivalent to Cartesian co-ordinates of (-12,-5)












(4 marks)


(d)  
The resonant frequency of a vibrating shaft is given by
[image: image29.wmf]1
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, where k is


the stiffness and I is the inertia of the shaft. Using binomial expansion, determine


the approximate percentage error in determining the frequency using the



measured values of k and I, when the measured value of k is 3% too large and the


measured value of I is 1.5%  too small.      



(5 marks)

(e)  
Determine the values of 
[image: image30.wmf]dy
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 and 
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(6 marks)
SECTION B: MECHANICAL SCIENCE

Answer any TWO questions from this section.

6. (a)
Define the following terms:

(i) Mechanical Advantage


(ii) Velocity Ratio

(iii) Ideal Machine 






(3 marks)

(b)
An ore crusher is driven through a compound belt drive by an electric motor

running at 1000rev/min. The pulley on the motor shaft is 16cm diameter. The

driven pulley on the intermediate shaft is 72cm in diameter and the driving pulley

24cm in diameter. The pulley on the ore crusher line shaft is 84cm in diameter. If

the power required at the crusher is 400kWand the efficiency of the drive is 90%,

calculate:


(i)
The power at the motor;


(ii)
The motor torque;

(iv) The speed of the line shaft at the crusher.


(10 marks)

(c)
(i)
Derive Bernoulli’s equation.






(ii) Dry steam is passed into a well lagged copper can of 750g containing

400g of water and 80g of ice at 00C. The mixture is stirred well and the

steam supply cut off when the temperature of the can and its contents

reaches 100C. If the specific heat capacities of water and copper are 4.2

J/g0C and 0.4 J/g0C while the specific latent heats of steam and ice are

2260 J/g and 336 J/g respectively, neglecting heat losses, calculate the

mass of steam condensed.




(7 marks)
7.
(a)
(i)
Define each of the following terms:

(I)
Specific heat capacity

(II)
Isothermal change

(ii) 
Distinguish between isobaric process and isochoric process.

(iii)
A solid metal mass of [image: image35.png]12 kg



 at [image: image37.png]100 °C



 is dropped into [image: image39.png]0.12 kg



 of water at

[image: image41.png]20°C



 contained in a calorimeter of mass [image: image43.png]0.2 kg



 and specific heat capacity

[image: image45.png]400 jkg 'k~*



. The final temperature reached is [image: image47.png]40 °C



. Ignoring heat

losses, calculate the specific heat capacity of the metal. (Specific heat

capacity of water is [image: image49.png]4200 jkg k1



).


(10 marks)

(b)
The waves travelling in opposite directions produce a standing wave. The



individual wave functions are 



[image: image51.png]y; = 3.0sin(3x — 4t)






[image: image53.png]y, = 3.0sin(3x + 4t)




Where [image: image55.png]


 and [image: image57.png]


 and [image: image59.png]


 are in metres.

(i)
Find the maximum displacement of the motion at [image: image61.png]20m



.              

(ii)
Find the position of the nodes and antinodes.


(10 marks)

8. (a)  
(i)
What is the relationship between angle of friction and coefficient of


friction. 









(ii)
When a body lies on an inclined plane, show that the minimum force P


required to move the body up the plane is given by



[image: image63.png]P=W(sinf + ucosh)








(10 marks)

(b)
(i)
Ethanoic acid (CH3COOH) is a weak acid whereas hydrochloric acid

(HCl) is a strong acid. Explain the terms in bold as applied to acids.


(ii)
A hydrocarbon X has empirical formula C2H5 and its relative molecular

mass (weight) is 58. 








(I)
Give the molecular formula of X
(II)
Give the structural formula of three isomers of X.




(iii)
Calculate the quantity of electricity in faraday required to deposit 1 mol

lead if a current 2.0 A, passed for 15 minutes through molten lead


bromide, deposits 1.95g of lead. (RMM of lead = 207) and (1 faraday =

96 500C).






(10 marks)
© May 2015, The Defence Forces Technical College




Turn Over
PAGE  
4
Turn Over

_1493467704.unknown

_1493467712.unknown

_1493467716.unknown

_1493467718.unknown

_1493467720.unknown

_1493467722.unknown

_1493467723.unknown

_1493467721.unknown

_1493467719.unknown

_1493467717.unknown

_1493467714.unknown

_1493467715.unknown

_1493467713.unknown

_1493467708.unknown

_1493467710.unknown

_1493467711.unknown

_1493467709.unknown

_1493467706.unknown

_1493467707.unknown

_1493467705.unknown

_1493467700.unknown

_1493467702.unknown

_1493467703.unknown

_1493467701.unknown

_1493467698.unknown

_1493467699.unknown

_1493467697.unknown

