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THE UNIVERSITY OF ZAMBIA
SCHOOL OF ENGINEERING

2009 ACADEMIC YEAR FIRST SEMESTER
FINAL EXAMINATIONS

CE219: STATICS AND INTRODUCTION TO STRENGTH OF MATERIALS

TIME: THREE HOURS

INSTRUCTIONS: 1. ANSWER ANY FIVE (5) QUESTIONS
2. EACH QUESTION CARRIES 20 MARKS
3. USEFUL FORMULAE ARE PROVIDED AT THE END PAGE

Question 1
a) State and briefly define Three (3) branches of mechanics. [3 marks]

b) The crane in Fig. Q1 is used to lift pre-cast concrete panels as indicated. The cable
ABC passes through frictionless pulley systems at A and B. Given that the height of
the crane DA is 25m and the maximum lifting height (position of B from the ground)
is 30m, determine the following at this position:

i) The vector of the tension in the cable AB, given that the density of concrete is
24kN/m’>. , [5 marks]

ii) The unit vector T as [3 marks]

iii) The angles the tension make, with the coordinate axes &, 6,, and €, [3 marks]

iv) The moments the tension makes with the x —axis and the y- axis. [6 marks]
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Question 2

a) Define the following terms as applied in mechanics:
i) Vector quantity [ 2 mark]

ii) Moment of force about a point [ 2 mark]

b) The 4m x 4m rectangular flat plate in Fig. Q2 has a system of forces acting on its flat
surface OABC. The forces act on the mid positions of the edges and the couple (moment)

acts from point O to B, as shown

Z

Fig. Q2

1) Replace the couple-force system and force by an equivalent, single force acting

on the plate. [12 marks]

ii) Determine the distance from O to the point of application of this force. [4 marks]



Question 3

a) Fig. Q3 below shows a simply supported truss.

10kN LN

, 2m | 2m L 2m
T I ! A
i) Determine the reaction forces R4 and Rp.
i1) Using the method of joints, find the internal force in member DC.

iii)  Using the method of section, find the internal force in member CE.

b) Define the following terms as used in mechanics.
1) Truss

i1) Coplanar forces

[6 marks]
[S marks]
[5 marks]

[2 marks]
[2 mark]



Question 4
a) Name two types of friction “ [4 marks]
b) Fig. Q4 shows a hand driven wood drilling machine. The drilling screw has a double square
thread of mean diameter 10mm and with a pitch of 2.5mm. The coefficient of friction
between the threads is ps = 0.25. If a maximum force of 150N is applied on the spindle at

point A to drive the screw, determine:

i) The force exerted on the wood [8 marks]
i) The torque required to loosen the drill. [8 marks]
| — _
k 250mm
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Fig. Q4



Question 5

a) Fig. Q5 below shows a mechanism used to lift a load A, using a flat belt ABC passing
through a cylindrical drum at point B. By applying a pulling force of 80N at point C, a man
can just keep the load A equalling 1500N, from slipping.

i) Determine the angle of contact between the belt and the cylindrical drum B, if the
coefficient of friction between the two 18 Hs= 0.30. [6 marks]

it) Determine the load that could be resisted by 2 120N force if the belt were wrapped
one-third (1/3) times itis in (i) above around the drum. [6 marks]

B

73

Fig. Q

b) What is kinetic friction? How does it compare coefficient of kinetic friction with
coefficient of static friction? [4 marks]

c) If the coefficient of static friction between any two surfaces is ps, Show that the angle of

static friction @ s, is given by ¢, =tan” 4 [4 marks]



Question 6

aluminium

Fig. Q6

A load sensitive mechanism, shown on Fig. Q6 below, consists of 2 relatively rigid
bar AD, supported by an aluminium and steel rods at A and B, respectively. Before
any load is applied, the bar AD 18 horizontal. When point D closes the gap DD’ whick
is 2.5mm, an electrical circuit is completed and the alarm gOes- Show that the load P

required to trigger the alarmis P 2 9.8kN . 20 marks!

(Aluminium par - La =250mm, E4= 66. 7I(N/mm2 and steel bar - Ls =150mm, Es=
200kN/mm)



Question 7

a) The beam shown in Fig. Q7 below supports a systerﬁ of loads as indicated.

y
100kN
/g 1.5m 45° :
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Fig. Q7
i) Find the normal and shearing stresses at point A in the xy plane, 1.5m from the
fixed support. [6 marks]
ii) Find the stresses at a plane x " inclined at 30° to the Xy axis. [6 marks]
1i1) Find the inclination of the principal plane and the principal stresses. [6 marks]
1v) Sketch the orientation of the principal plane on the xy plane. [2 marks]
END OF PAPER
USEFUL EQUATIONS
c,+0, O -0
o, =— 5 Ly 5 *~Cos26 - 7,,Sin20

; o, ~0 _ o, o, +to
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THE UNIVERSITY OF ZAMBIA.

UNIVERSITY FIRST SEMESTER EXAMINATION — OCTOBER/NOVEMBER 2010.
CE 219 : STATICS AND INTRODUCTION TO STRENGTH OF MATERIALS.

TIME: Three Hours. ANSWER: Any THREE from Section A, and Any TWO from
Section B. All questions carry equal marks (20 marks)

Section — A.

Question 1

Determine the magnitude and coordinate direction angles of the resultant of the

three forces acting on the mast.
}“
§F3=40N

o S T
7o F2= 60N

80"
20°

F,=100N

1/5



Question 2

Determine the force in each member of the truss and state whether the force is
tension or compression.

4 kN
rl 1

1=

Question 3

The frame is pin-connected at D and at the supports A and B
reactions at A and B.

M

10KN

T

77

I

. Determine the

2/5



Question 4

The C-clamp provides a compressive force of 900N to the two blocks that are
being glued together. Determine the minimum force P necessary to loosen the
clamp. The clamp has a square-threaded screw with lead L=7mm and mean
radius r=8mm. The coefficient of static friction between the screw and the
supporting threads in the frame is p=0.25.

“»

et

DR

100 mm

3/5




Section — B.

Question 5

Given that for the quarter circle shown below I,=I,~ —1-1-6.'ftr4, use the Mohr Circle

to determine the value of 6 for which the product of inertia of the crosshatched
area with respect to the u and v axes is zero. Calculate I, and I, for this value of 6
and compare I, and [, to I;,.x and I,

y

\ x* +y? = 1007

7

Question 6

Two bars are joined together and attached at supports as shown. The left bar
(L=500mm) is brass for which E=90 GPa, a=20x10°C"! and the right bar
(L=250mm) is aluminium for whlch E=70GPa, 0=25x10. The cross sectlonal
area of the brass bar is 500 mm” and that of the aluminium bar is 750mm?. The
system is initially stress free and the temperature then drops by 20°C. The bars
have negligible weight.

(a) If the supports are unyielding, find the normal stress in each bar.

(b) If the right support yields 0.1mm, find the normal stress in each bar.

Question 7

Draw the S.F. and B.M. diagrams for the beam loaded as shown in the figure
below, and determine the position and magnitude of the maximum B.M.

4/5



i
RN ¥ 2kN
4kN/m L“"Y”"“'

(+] Y 1:}

3m wim}-«Rakm

END OF EXAMINATION
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF ENGINEERING
FIRST SEMESTER FINAL EXAMINATIONS
OCTOBER 2010
EA 3 11 (FARM POWER AN.D MACHINERY)
TIME ALLOWED: THREE HOURS.

INSTRUCTIONS: THIS EXAMINATION PAPER CONSISTS OF TWO SECTIONS, SECTION A
AND SECTION B. ATTEMPT ALL QUESTIONS IN SECTION A AND ANY FOUR QUESTIONS
FROM SECTION B.

SECTION A (20 MARKS): ATTEMPT ALL QUESTIONS IN THIS SECTION

For each of the following questions, choose the BEST answer and then in the answer
sheet write the letter corresponding to your answer in capital letters.

1. The energy needed for muscle contraction so that the body can produce the motion
necessary to carry out manual work is provided by:
a) ATP
b) creatine phosphate
c) glycogen
d) All of the above

2. When pyruvic acid is produced by anaerobic metabolism faster than it can be utilized, the
surplus is converted to:
a) carboxylic acid.
b) lacticacid
c) creatine phosphate
d) adenosine triphosphate

3. The energy released from the breakdown of the high-energy phosphates, ATP and
creatine phosphate combined, can sustain maximum manual power output for:

a) 1-2seconds
b) 5-10 seconds
c)  30-40 seconds
d) 50-60 seconds

4. Aspark ignition engine is running at 2000 rpm. If the petrol fuel takes 0.0025 seconds to
completely burn in the combustion chamber. How much spark advance is needed if the
fuel has to be completely consumed by the time the crankshaft reaches 10° after top dead

centre (TDC).
a) 15°
b) 20°
c) 25°

d) 30°



10.

———

Which one of the following is not a function of a piston in an engine?

a)  Drawin air / air fuel mixture into the cylinder during induction stroke
b)  Transmit power produced during power stroke to the crankshaft

c)  Keep the engine running during the idle strokes

d)  Push out exhaust gases during exhaust stroke
[

240 hectares of row crop is to be planted in a period estimated to have 10 available
workdays, each with 12 hours of possible field time. Planting speed is 5.4 km/h and the
required row spacing is 90 cm. Assuming a field efficiency of 75%, what should be the
minimum size of the planter (i.e. in terms of number of rows) to carry out the task on
time?

a) 4 Row Planter

b) 5 Row Planter

c) 6 RowPlanter

d) 7 Row Planter

Increasing the operating pressure of a tractor mounted boom sprayer four times
combined with doubling the tractor forward speed during spraying operation will:
a)  have no effect on pesticide application rate

b)  reduce pesticide application rate by half

c) double pesticide application rate

d) increase pesticide application rate four times

Which one of the following measures is not a cultural pest control method?
a)  crop rotation

b) flood irrigation

c) phyto-sanitation

d) planting pests resistant crop varieties.

During calibration of a fertilizer broadcaster, 1.25 g of fertilizer was collected on a square
tray measuring 25cm x 25cm. The equivalent fertilizer application rate (in kg/ha) is

a) 20kg/ha

b)  50kg/ha

c) 200kg/ha

d) 500kg/ha

The presence of threshed grains in the straw ejected at the back of a combine harvester
during harvesting of the grain is an example of:

a) cutter bar loss

b)  threshingloss

c)  separation loss

d) cleaningloss
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SECTION B: ATTEMPT ANY FOUR QUESTIONS FROM THIS SECTION (80 MARKS)
QUESTION 11

A farmer has a pair of oxen, each weighing about 500 kg that he uses for ploughing his field.

The soil is predominantly clay loam. The plough cuts a furrow slice 20 cm wide by 25cm deep.
The specific soil resistance of clay loam soil is about 28 kN /m2. The oxen work for 5 hours per
day at an average speed of 3.6 km/h. The oxen are fed on guinea grass. Given the following

additional information:

Guinea grass gross energy content: =14.0 M]/kg
Groundnut cake gross energy content =20.7
Guinea grass DE : GE Ratio (DE/GE): =0.5

Groundnut cake DE : GE Ratio (DE/GE): =0.85

Maintenance Energy: = 8.3 + (0.091W) M]/day

Appetite Limit: = 0.025W kg of dry matter where W is the weight of
the draft animal

Metabolisable Energy (ME) = 0.8 of Digestible Energy (DE)

Oxen sustainable pull =12.5% of the animal weight

Energy conversion efficiency of draft animals: = 20%

a) Determine whether the oxen can pull the plough?
[2 Marks]

b) Show that the oxen will need supplementary feed to meet their total daily energy
requirement during the ploughing period.

[8 Marks]

c) Calculate the total amount of groundnut cake supplement required per ox per day if the
oxen have to meet the total daily energy requirement under existing conditions.
[6 Marks]

d) Suggest two measures that the farmer can take to enable the oxen meet the total daily
energy requirement without having to provide supplementary feed.
[4 Marks]



QUESTION 12

a)

b)

State the condition(s) under which human beings need rest when performing physical
tasks? Briefly explain why the rest periods are necessary under the circumstances.

[4 Marks]
Ten farm workers were tasked to weed a soya beans field using hand hoes. On average
each worker is able to sustain the task without rest for 7 minutes and 51 seconds only.
During that time, each worker is able to weed 12.5 m2 of the field. The workers are
however expected to be in the field from 07:00 to 12:00 each day. Continuous physical
power output of a normal healthy human being varies with time according to the
following equation.

P = (68 +932¢*7"")

where: P =power output [W]
t =time [s]

Assume energy conversion efficiency of a normal healthy human being is 25%.

i)  Calculate the power output that can be sustained in 7 minutes and 51 seconds.

[4 Marks]
ii) ~ What's the ratio of work period to rest period?

[4 Marks]
iii) Determine the total time (in hours) that each worker spends resting during the 5

hour work session.

[4 Marks]
iv) Calculate the total area weeded per workday?

[4 Marks]

QUESTION 13

a)

Figure Q 13 below shows the valve train for a four cylinder four stroke cycle petrol
engine. Name the parts A-E
[5 Marks]

Figure Q13: Valve train



b)

For the engine to run, the opening and closing of the valves have to be timed with the
movement of the piston in the cylinder through the crankshaft. List three types of
transmission mechanisms commonly used to synchronise the movements of the piston
and the opening and closing of the valves.

[3 Marks]
c) What is the gear ratio of the crankshaft to the camshatft for the engine.
- [2 Marks]
d) Given the following specifications for the valve events: IVO at 12° before TDC, IVC at 40°
after BDC, EVO at 45° before BDC, EVC at 10° after TDC. Calculate:
i)  valve overlap )
[2 Marks]
ii)  the number of crankshaft degrees during which each intake valve is openina cycle
[2 Marks]
iii) the number of crankshaft degrees during which each exhaust valve is open in a
cycle.
[2 Marks]
e) If the engine is running at 2000 rpm, calculate the total number of power strokes per
minute.
[4 Marks]
QUESTION 14
a) A bag of agricultural lime has a label "Neutralising Value (NV) = 55". What does this
mean?
_ [2 Marks]
b) Given two agricultural liming materials, Ndola Agro-lime with NV = 66% being sold for
ZMK125,000 per tonne and Turtle Agro-lime with NV = 85% going for ZMK 150,000 per
tonne. Which one of the two limes is more cost effective? Briefly explain your answer.
[5 Marks]
c) State two objectives for calibrating a full width agricultural lime spreader.
[5 Marks]
d) List three types of nozzle spray patterns.
[3 marks]
e) A farmer would like to apply 121 1/ha of a certain herbicide using a tractor mounted
sprayer. Only one set of nozzles is available and each nozzle is rated at 2.27
litres/minute when operating at a pressure of 4 bars. If the sprayer has 40 nozzles
spaced 75 cm apart, what tractor speed is required to apply the correct amount of the
herbicide.
[5 marks}
Question 15

A farmer has 2,500 hectares of arable land. He grows 1,000 hectares of soya beans under rain
fed condition and 2,000 hectares of irrigated winter wheat. The New Holland TC5050 combine
harvester used to harvest both crops has a rated width of 3.75m, an average operating speed of
6.5 km/h and field efficiency of 65%. Given that the harvester is only used for the above
mentioned tasks per year.



Calculate:
a)  the combine harvester effective field capacity

[2 Marks]
b)  the combine harvester total annual use (in hours)
[2 Marks]
c)  Given the following additional information: o
Combine Harvester Purchase price, P K 850,000,000
Trade-in value, S 10% of Purchase Price
Shelter/Insurance/Tax . 1% of Purchase Price
Economic life 8 years
Repair & Maintenance Cost (per hour) 0.0005% of Purchase Price
Fuel Consumption 151/hr
Pump Price of Diesel Fuel K 7,000/1
Cost of lubricants 15% of Fuel Cost

Labour cost is K 15,000 per hour and the bank interest rate on the money borrowed for
the purchase of the combine harvester is 20%.
i) Calculate the total cost for harvesting the crop per hour.

[6 Marks]
if)  Calculate the total cost for harvesting the crop per hectare.

[2 Marks]

iii)  Asan alternative to buying a combine harvester, the farmer has an option of hiring a
contractor to harvest the crop. If the contractor's charge comprise a fixed cost of
K250,000 (for machinery mobilisation) and K 160,000 per hectare, calculate the
breakeven hectarage. :

[4 Marks]

iv)  Sketch the breakeven chart to show the behaviour of total cost of harvesting the
crop using a contractor and own combine harvester over hectarage range 0 - 5000
hectares and advise the farmer the most cost effective option for his farm.

[4 Marks]

END OF EXAMINATION

By thought, the things you want are brought to you. By action, you receive them.
Unknown

"The highest reward for a person'’s toil is not what they get for it, but what they become by it."
John Ruskin



THE UNIVERSITY OF ZAMBIA
SCHOOL OF ENGINEERING
FIRST SEMESTER FINAL EXAMINATIONS
OCTOBER 2Q10
EA 401 (FARM POWER)

TIME ALLOWED: THREE HOURS. “

INSTRUCTIONS: THIS QUESTION PAPER HAS SEVEN QUESTIONS. ATTEMPT ANY
FIVE QUESTIONS. ALL QUESTIONS CARRY EQUAL MARKS (20 MARKS EACH).

ESTION 1

A farmer has a pair of oxen, each weighing about 500 kg that he uses for ploughing his field.

The soil is predominantly clay loam. The plough cuts a furrow slice 20 cm wide by 25cm
deep. The specific soil resistance of clay loam soil is about 20 kN /m2, The oxen work for 5
hours per day at an average speed of 3.6 km/h. The oxen are fed on guinea grass. Given

the following additional information:

Guinea grass gross energy content: =14.0 M] /kg

Groundnut cake gross energy content =20.7

Guinea grass DE : GE Ratio (DE/GE): =0.5

Groundnut cake DE: GE Ratio (DE/GE): =0.85

Maintenance Energy: =8.3 + (0.091W) M]j/day

Appetite Limit: = 0.025W kg of dry matter where W is the

weight of the draft animal
Oxen sustainable pull = 12.5% of the animal weight
Energy conversion efficiency of draft animals: = 20%

a) Determine whether the oxen can pull the plough?
[2 Marks]

b) Show that the oxen will need supplementary feed to meet their total dally energy
requirement during the ploughing period.
[8 Marks]

) Calculate the total amount of groundnut cake supplement required per ox per day if
the oxen have to meet the total daily energy requirement under existing conditions.
[6 Marks]

d) Suggest two measures that the farmer can take to enable the oxen meet the total
daily energy requirement without having to provide supplementary feed.
[4 Marks]



QUESTION 2

a)

b)

State the condition(s) under which human beings need rest when performing
physical tasks? Briefly explain why the rest periods are necessary under the
circumstances.

. [4 Marks]
Five farm workers were tasked to weed a maize field using hand hoes. On average
each worker is able to sustain the task without rest for 7 minutes and 51 seconds
only. During that time, each worker is able to weed 12.5 m?2 of the field. The
workers are however expected to be in the field from 07:00 to 12:00 each day.
Continuous physical power output of a normal healthy human being varies with
time according to the following equation.

P =(68 +932¢ %"
where: P = power output [W]

t =time [s]
Assume energy conversion efficiency of a normal healthy human being is 25%.

i)  Calculate the power output that can be sustained in 7 minutes and 51 seconds.

[4 Marks]
ii)  What's the ratio of work period to rest period?

[4 Marks]
iii) Determine the total time (in hours) that each worker spends resting during the

5 hour work session.

[4 Marks]
iv) Calculate the total area weeded per workday?

[4 Marks]

QUESTION 3

a)
b)

List five major components of cam-in-block valve train.
[5 Marks]
A three-cylinder Perkins engine has a 127.0 mm stroke and a 107.9 mm bore.

According to the engine specifications, the compression ratio for the engine is 15.5:1.
While overhauling the engine, a mechanic unintentionally installed a cylinder head
gasket that is 1.25 mm thicker than the recommended gasket.
i) What is the function of the cylinder head gasket on an engine?
[2 Marks]
ii) Calculate the cylinder displacement, Vq, the clearance volume, V., and the
maximum volume, V1 of each cylinder.
[6 Marks]
iii) Calculate the compression ratio of the engine with the thicker cylinder head
gasket installed.
[4 Marks]
Would the mistake made by the mechanic likely to affect the operation of the
engine? Briefly explain your answer.
[3 Marks]



QUESTION 4

A Two Wheel Drive Massey-Ferguson, M-F 390, tractor has the following engine and power
train specifications:

Engine
Rated engine power: 64.1 kW at 2200 rpm -
Maximum engine torque: 283 Nm at 1400 rpm

Power Train

Clutch Type: Dry disc clutch: outside diameter:  d, = 305 mm

inside diameter: di=203 mm
Transmission: 8 speed sliding spur:8 forward
2 reverse
Differential: Bevel pinion gear: 8 teeth
Ring gear: 39 teeth
Final Drive: Planetary gear set: Sun gear: 33 teeth

Ring gear: 70 teeth
Power comes in through the sun gear and out through the planet carrier.
The ring gear is held stationary.
Wheels: Front wheel rolling radius: 560 mm
Rear wheel rolling radius: 1100 mm
Efficiency of the transmission, nr=0.95
Efficiency of the differential, mp=0.96
Efficiency of final drive, Nrp = 0.98

Table Q4 Road Speeds at rated engine speed of 2200 rpm

Forward gear 1 2 3 4 5 6 7 8

Road speed (km/h) 2.5 3.7 5.1 6.8 10.4 15.2 20.8 27.9

a) i) State two advantages of using a planetary gear set at the final drive.
[4 Marks]
ii) Show that the gear ratio for a planetary gear set when power comes in
through the sun gear and out through the planet carrier while the ring gear

is held stationary is given by. j =14 Zr, where Z: is number of gear teeth on
Zs

the ring gear and Zs is number of gear teeth on the sun gear.

[4 Marks]
b) Calculate the transmission (gearbox) gear ratios and torque at the drive wheel in
the following gears: gear 1, gear 3 gear 5, and gear 8.
[8 Marks]
c) State two advantages of engaging a differential lock when carrying out some field
operations with a tractor.
[4 Marks]



QUESTION 5

a) State two advantages and two disadvantages of using hydraulic systems for power

transmission.
[4 Marks]

b) Figure Q5 below shows a hydraulic circult diagram drawn using standard ]IC
hydraulic symbols. Identify hydraulic components 1 - 5 in the diagram and state
their respective function(s).

[10 Marks]
o W=
® MII-IXM
@ A P P
L == O
° ()

Figure Q5 Schematic diagram for a hydraulic system using JIC symbols

c) Explain why hydraulic systems generally use positive displacement pumps?

[2 Marks]
d) State two differences between by-pass filtration and full-flow filtration systems.

[4 Marks]

H



QUESTION 6

a)

b)

d)

d)

If air consists of 20.8% oxygen and 79.2% of nitrogen by volume, show that it
contains 23.1% oxygen and 76.9% nitrogen by weight.

Element | Atomic Symbol | Atomic Weight | Molecular Formula | Weight
Carbon C 12 C 12
Hydrogen H 1 . Hz 2
Oxygen 0 16 02 32
Nitrogen N 14 N2 28

[3 Marks]

Calculate stoichiometric air to fuel ratio of the following fuels:
i) Petrol (CsH1s)

ii) Ethanol (C2HsOH)
[8 Marks]

Briefly explain in general terms the adjustment needed for an engine that currently
uses petrol fuel, if it has to switch to ethanol for fuel.

[3 Marks]

Name the reference fuels used in determining the Octane Number and Cetane Number of
petrol and diesel fuels respectively and state the associated Octane and Cetane Numbers
for each reference fuel. ’

[6 Marks]

ION 7

How is a generator different from an alternator as a means for electric power
generation?

[2 Marks]
Give three reasons for the popularity of an alternator for commercial power
generation.

[6 Marks]
Why is the voltage for power generated at a power station stepped up before being
transmitted over a long distance?

[4 Marks]
A 230 volts, single phase, 50 Hz induction motor draws a current of 10.6 Amperes
with a power factor of 0.60. What size of parallel connected capacitor bank would
be required to improve the power factor to 0.97

[8 Marks]

END OF EXAMINATION

By thought, the things you want are brought to you. By action, you receive them.
Unknown

"The highest reward for a person’s toil is not what they get for it, but what they become by it."

John Ruskin
5



UNIVERSITY OF ZAMBIA
SCHOOL OF ENGINEERING

UNIVERSITY SEMESTER I EXAMINATIONS —
OCTOBER/NOVEMBER 2010

EE209 .
Principles of Electricity I

Time: Three Hours
All Questions carry equal marks

INSTRUCTIONS:
1. This paper is divided into Section A and Section B.
2. Attempt Five QUESTIONS. Answer at least ONE Question from Section B.
3. Questions from the two Sections should be answered using different answer booklets and

submitted separately.

EE209, November 2010
Page 1 of §



§Jo 7 a%eq

(SHeWT) .
‘1amod ndino Buipuodsaliod sy} suiwLIRlRq "Xog Aayieg ay3 Jo s|eulw.s) Indino
ayj SS0I0B paauuU0d ale sdwe| usbojey A ZT ‘M 09 X € JI JuU4nd peo|l ay3 aq pjnom jeym (2

010 12qUdAON ‘60THH

(s)1en ZT1) :
3IN241 JuaeAINba Bulpuodsallod ayy melp pue xog Alsneg siyl Jo Uy pue WA pud (q
(sienw ) ‘P|lesed Ul pe3PaUU0d SaKENe] JNoJ U3 JO UNDJID JusleAinbs ayy melq (e

BCTOBAPTI PUR'GTORAVZI USOBATII ‘USOBATTT =L
S9OUR)SISaI [RUISIUI pue SaBE3j0A 3NJD uado JisyL® Jay1ebo) paosuu0d sjeulw.s) sAiebau Jisy)
pue Jay3ab0] pa1dsuu0d sjeulwla) aAsod JIBUl YIm SaLIS1eq Jed noy suiejuod xog Alsneg v

2O
q10 814
—_— —
A0S l - -} Ao
AOT
>
Bol < B 0§ B09
oot Q BoE
60
— 1
Cr—
210 814
wiT G716
B LS
G501 o Ird o) (A
(s)ien 91)
*qT0 Bid Ul UMOYS 3IN2JID B} JO SI03SISY ¢ OF PUB 5 0E 3Y3 Ul sjuaLnd sy puld (q
(s)1en v) ‘210 614 Ul UMOYS Y10MIBU 3U) JO 8%y aoue)sisal ayy puld (e
‘10

V¥ NOILD3S



Q3.
a) Use the Y-A or A-Y transformation to find Rr of the network shown in Fig Q3a.

(10 Marks)
b) Find output voltage V,, of the circuit shown in Fig Q3b (4 Marks)
c) Briefly state any three of the following:-
i) The maximum power transfer theorem,
ii) Millman’s theorem,
iii) The superposition theorem
iv) Norton's theorem
(6 Marks)

800

1 kO

Fig Q3a

2k0 3
150 2mA 6k Yo
o

Fig Q3b

EE209, November 2010
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Q4.

a) An inductor coil is connected in series with a pure resistor of 10 Q across a 230 V, 50 Hz
supply. The voltage measured across the coil is 180 V, and that across the resistor is 130
'

V.
i) Draw the circuit diagram showing the various components. (2 Marks)
ii) Draw a phasor diagram of the voltages across the resistor and the inductor cail.
' (3 Marks)

ili) Calculate the current drawn from the power supply, the total active power dissipated in
the resistive components, and hence or otherwise, the overall power factor.

(1+6+1 Marks)

b) A 60 kW load operates from an 11 kV, 50 Hz, single phase supply, with 0.6 power factor
lagging. Draw the power triangle showing the magnitudes of the various components.
Hence or other wise, calculate the capacitor which must be connected in parallel with the
load to achieve 0.9 power factor lagging. (2+5 Marks)

Q5.

a) Explain why it is possible to have a much higher voltage across a capacitor than the
supply voltage in a series R, L and C circuit. What is this condition called? (9 Marks)

b) A coil, of resistance R and inductance L, is connected in series with a capacitor C across a
variable-frequency source. The voltage is maintained constant at 300 mV and the
frequency is varied until a maximum current of 5 mA flows through the circuit at 6 kHz. If,
under these conditions, the Q factor of the circuit is 105, calculate:

i) the voltage across the capacitor; (6 Marks)
if) the values of R, L and C. (5 Marks) o
L
Q =z &\& 7&

EE209, November 2010
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SECTION B

Q6.
a) With the aid of a diagram, explain full wave rectification. (6 Marks).

b) Consider the circuit shown below;

7o RI
L o Wi |

20 6 kQ

24V
Ré Vol®)

|

Assuming that the switch has been in position 1 for a long time, calculate the following;
given that at time t = 0, the switch is moved to position 2.
i) The voltage vq(t) for t > 0; (8 Marks)]

i) The current i(t) fort > 0; (6 Marks)
Q7.

Consider the circuit shown below; the switch has been in the off position for a long time.
At time t = 0, an exponentially decaying source is applied.

t=0 10mH

30002 i(t)
iy g8
R1
=
—2  RZ 30 R3 < 300Q volt
Determine;

i) i(t)fort >0 (15 Marks)
i) vo(t) fort> 0 (5 Marks)

END OF EE209 EXAMINATION
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1. This paper is divided into Section A and Section B.

2. Attempt Five QUESTIONS. Answer at least TWO Questions from each Section.

3. Questions from the two Sections should be answered using different answer booklets and
submitted separately.




SECTION A: Answer at least two questions

1.
a)
b)
2.
a)
b)
c)
3.

Question -
1) State ampere’s current law; [4]
i1) Calculate the magnetizing force and flux density at a distance of 6cm from a long
straight circular conductor carrying a current of 110A and placed in air.  [9]

Explain in detail the formation of a PN Junction. [7]
List the steps necessary for small signal transistor models analysis. [5]
Explain the reasons as to why the AND gate is sometimes called a coincidence gate. Give
an explanation of the meaning of simultaneity in relation to the AND gate. [7]
Given that Iz = 3.5mA, hg=140, h,e=80uS, ho,=0.6uS. Determine;

1) The common-emitter hybrid circuit (4]

ii) The common-base r. model (4]

Given the circuit shown below;

18V

620 kQ 6 kQ

Vi H

Zi———p

Determine the short circuit input impedance he; (4]
Find input impedance Z;, given that r, = 600kQ [3]
Calculate output impedance Z, given that r, = 580kQ; [3]
Determine the voltage gain Ay given that r, = 880kQ; [5]
Find the current gain A; given that r,= 150kQ [5]



a)
b)

c)

Explain the differences between a donor atom and an acceptor atom. [5]
Explain what is meant by the AND gate being associative and commutative. [6]
Derive and explain the hybrid parameters for a‘bipolar transistor in detail. 9]

SECTION B: Answer at least two questions

5.

a)
b)

d)

What is the basic application of the d’ Arsonal moving coil mechanism or meter

movement. 2]

The d’ Arsonal moving coil mechanism may be represented by an internal resistance in

series with a deflecting meter as shown in Fig Q5.

1) Draw two schematic diagrams to show how this can be connected for an Ammeter
and a Voltmeter. [2]

ii) Draw a schematic diagram to show how current greater than the full scale deflection
may be measured. Briefly explain how this is possible. [3]

iii) Draw a circuit for a four-range Voltmeter including the range corresponding to full
scale deflection of the meter movement [4]

Sketch a circuit diagram to show how the D’ Arsonal meter movement could be used to

measure sinusoidal alternating currents. What other modifications would you make to the

scale. [4]
Explain how the moving iron meter movement responds to the root mean square (rms)
value. [5]

Fig Q5



.a)

b)

b)

A generator rated at 480V, 60 Hz is connected to a transmission line with an impedance
of 0.18+j0.24 Q. At the end of the transmission line there is a load of 4+j3 Q.-

i) Draw the power system equivalent circuit. [2]

1) Use the generated voltage as reference; calculate the load current, the load voltage
and the output power. ) [7]

1i1) Calculate the transmission losses [2]

Suppose a 1:10 step-up transformer is placed at the generator end of the transmission line
and a 10:1 step-down transformer is placed at the load end of the line. Assume ideal
transformers i.e no voltage drops in the windings.

1) Draw the new power system equivalent circuit. [3]
1) What will the load voltage be? [4]
ii1) What will the transmission line losses be? [2]

A 100-kVA 400/2000 V single-phase transformer has the following parameters:
R;=0.01 R;=0.25Q
X1 =0.03Q X>=0.75Q
G.=2.2mS B, =6.7mS

Note that G and B, are given in terms of primary reference. The transformer supplies a
load of 90 kVA at 2000 V and 0.8 PF leading.

1) Draw the approximate equivalent circuit. [2]

ii) Calculate the primary voltage and current using the approximate equivalent circuit.
Use the secondary voltage as reference. [8]
What type of motor which is widely used in industry where there is three-phase power
supply is available? What is the special feature of this motor? [2]
Explain, by one statement, the necessity for using a starter with a d.c. motor. [2]

A 240 V shunt d.c. motor has an armature resistance of 0.2 Q. Calculate:
1) the resistance which must be introduced into the armature circuit to limit the starting

current to 40 A; [3]
ii) the e.m.f. generated when the motor is running at a constant speed with the additional
resistance in circuit and with an armature current of 30 A. (3]

END OF EE309 EXAMINATION
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QUESTION 1 .

(a) Point charges in air are located as follows; +5x 10 C at (0, 0) metres, +4x10® C at (3, 0)
metres and -6x10® C at (0, 4) metres. Given thate, = 8.854x10™">F / m;

1) Find the electric field intensity at (3, 4) metres [12 Marks]
(i)  The resultant electric field intensity direction [2 Marks]
(b) A current of 15A is passing along a straight wire. Calculate the magnetizing force on a unit
magnetic pole placed 0.15 meters from a wire. [6 Marks]
QUESTION 2

(a) The pipe shaft at Konkola mine winding room is powered by a 20-hp (14.92kW) 230V, 1150
rp.m, 4 pole d.c shunt motor which has a total of 620 conductors arranged in two parallel
paths and yielding an armature circuit resistance of 0.2Q2. When it delivers rated power at rated
speed, it draws a line current of 74.8A and a field current of 3A. Calculate:

(i) The flux per pole, [2 Marks]
(i)  The torque developed, [2 Marks]
(iii)  The rotational( friction) losses, [3 Marks]
(iv)  Calculate the motor efficiency. [3 Marks]
(b) (1) Briefly describe the principle of operation of an induction machine [S Marks]
(iii)  Sketch the equivalent circuit of an induction machine [S Marks]
QUESTION 3

A 50 Hz, 3 phase 100km long line delivers a load of 20MVA at 220kV and 0.7 power factor lag. The
line constants (line to neutral) are: resistance of 0.09Q/km, inductive reactance of 0.39Q/km and
capacitive susceptance of 3x10 Siemens. Find:

(i) Sending-end voltage, [S Marks]
(i1) Sending current, [5 Marks]
(1i1) Sending power factor, [S Marks]
(iv) Efficiency of power transmission. [S Marks]

Use nominal © method.



QUESTION 4

A magnetic circuit made of mild steel is arranged as shown ip the figure below. The central limb is wound
with 500 turns and has a cross-sectional area of 800mm?®. Each of the outer limbs has a cross-sectional area
500mm’. The air-gap has a length of Imm. Assuming no magnetic leakage and fringing. Mild steel
required 3800AT/m to produce flux density of 1.625T and 850 AT/m to produce flux density of 1.3T. given

that g, =47x107 H/m
8

P
UP—-—“
\ 300 mm .

E ¢

(1) Calculate the mmf required to set up a flux of 1.3mWhb in the central limb. [S Marks]
(i) Calculate the mmf in the air-gap [S Marks]

(iii) Calculate the total required mmf for the given magnetic circuit [5 Marks]

[5S Marks]

(iv) Calculate the current required to setup a flux of 1.3mWhb in the central limb.

QUESTION 5

There has been a complaint on the aluminous level in the Sports Hall tennis court. The standard required
luminance level for indoor tennis is 1301x. The tennis hall is 27m x 17m.Assuming that the maintenance
factor in each case is 0.8 and that the coefficient of utilization is 0.6. Only two types of lightings are

available as indicated below. Calculate the total number of lamps required for each case below:
[10 marks]

(1) 150W tungsten-filament lamps at 13 Im/W.
(11) 80W fluorescent lamps at 35 Im/W. [10 marks]

QUESTION 6

(a) The School of Engineering Substation supplied by a three phase transformer 11000/550V
delta/star, 300kVA core type transformer operates with a flux of 0.05Wb. Determine:

(1) number of H.V and L.V turns per phase, [6marks]
(ii) e.m.f per turn, [2marks]
[6marks]

(iit) full load H.V and L.V phase-currents.

(b) Derive and show graphically the maximum flux and e.m.f equation of the transformer [6 Marks]

END
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Question One
a) Suppose that nonlinear devices are available for which the output current i,
and input voltage v; are related by
I, =ayv,+ a3v,.3

Where al and a3 are constants. Explain how these devices may be used to
provide:

i. A product modulator

ii. An amplitude modulator

[4 marks]

b) Given that x(¢f)and A4 cosw,t are inputs to the product modulator that

yields an output of x (f)=4 cosw,t+x(t)4 cosw,t. Draw the

corresponding block diagram of the product modulator, and a schematic
diagram that implements this modulator using an analog multiplier and an
op-amp summer.

[4 marks]

¢) A DSB-SC signal can be obtained by using a Balanced modulator. Using the
theory in (a); draw a block diagram of how this is implemented.
[4 marks]

d) A DSB-SC modulated signal is modulated by applying it to a coherent
detector.

1. Evaluate the effect of frequency error Af'in the local carrier
frequency of the detector, measured with respect to the
carrier frequency of the incoming DSB-SC signal.

Page 1 of 9



[3 marks]

ii. For the case of a sinusoidal modulating wave, show that
because of this frequency error, the demodulated signal
exhibits beats of the error frequency. Illustrate your answer
with a sketch of the dgmodulated signal.

[S marks]

Question Two

a)

b)

d)

€)

Verify the relationship of C,and ¢,to 4, and B, as given by the equations
below:

Cy=4,, C,=\|4; + B ,and ¢, =tan“%.

n

[2 marks]

Calculate C,, ¢,,4,and B, for the waveform v(¢f)which is symmetrical
square wave and which makes peak excursions to +-2—V01t and —% volt, and

has a period of T=1sec. A positive going transition occurs at £ =0.
[4 marks]

A certain computer becomes inoperable if two components C, and Cg both
fail. The probability that C, fails is 0.01 and the probability that Cg fails is
0.005. However, the probability that Cp fails is increased by a factor of 4 if C
has failed. Calculate the probability that the computer becomes inoperable.
Also find the probability that C, fails if Cg has failed.

[4 marks]

Twenty-four voice signals are sampled uniformly and then time-division
multiplexed. The sampling operation uses-flat top samples with 1ps duration.
The multiplexing operation includes provision for synchronization by adding
an extra pulse of sufficient amplitude and also 1ps duration. The highest
frequency component of each voice signal is 3.4kHz.

1. Assuming a sampling rate of 8kHz, calculate the spacing between
successive pulses of the multiplexed signal.

il. Repeat your calculation assuming the use of Nyquist rate sampling.
[6 marks]

Two dice are tossed.

1. Find the probability of 3 and 4 appearing.
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11. Find the probability of a 7 being rolled.
[4 marks]

Question Three
a) Describe, by aid of diagrams, the progess of Amplitude modulation for the
following cases;
i.  Percentage modulation less than 100
ii.  Percentage modulation greater than 100.
[4 marks]

b) Consider the quadrature-carrier multiplex system below. The multiplexed
signal s(t) produced at the transmitter output is applied to a communication
channel of frequency response H(f). The output of this channel is, in turn,
applied to the receiver input. Prove that the condition
H(f.~-)=H*([.-f), 0<f<W

...1s necessary for recovery of the message signals m,(¢) and m, (¢) at the

receiver outputs; £, is the carrier frequency, and W is the message bandwidth.
Hint: Evaluate the spectra of the two receiver outputs.

* i Product Low-pass
Message Product Multiplexed ow-p
signal m,() | modulator ) signal s(7) r" modulater ] filter
h + '
\ A .
+——0 A, c0s 2nf.1) +—o 2cos (2mf.1)
A
Multipiexed 90°
-90° . _
phase-shifter signal s(0) phase-shifter
v A.sin 2nf 1) \ 2sin (27f,1)
Message Product Product Low-pass
signal mgz(t) modulator =1 modulator [ filter

[6 marks]
¢) Suppose that in the receiver of the quadrature-carrier multiplex system above

(in a.) the local carrier available for demodulation has a phase error ¢ with

respect to the carrier source used in the transmitter. Assuming a distortion-less
communication channel between transmitter and receiver, show that this phase
error will cause cross-talk to arise between the two demodulated signals at the
receiver outputs. By cross-talk we mean that a portion of one message signal
appears at the receiver output belonging to the other message signal, and vice

versa.
Page 3 of 9



[4 marks]

d) One method of obtaining a practical synchronous receiver system, suitable for
demodulating DSB-SC waves, is to use the costas receiver. Draw a block

diagram of a costas receiver and briefly €kplain it’s operation. [6 marks]

Question Four
a) What is data compaction?
[2 marks]
b) The figure below shows a Huffman tree. What is the code word for each of the
symbols A, B, C, D, E, F, and G represented in this Huffman tree? What are

their individual code word lengths?

/8
A 2 _ 1
3/16
p 22 1
1 .
3/16 0
C —m——— ]
o L8 1 o
0
1116 1
E :
32
e 132 1 0
0
g 32 0

[7 marks]

¢) A discrete memoryless source has an alphabet of seven symbols whose

probabilities of occurrence are as given below:
Symbol So S7 S2 S3 Syq Ss S6

Probability  0.25 0.25 0.125  0.125 0.125 0.0625 0.0625
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Compute the Huffman code for this source, moving a “combined” symbol as
high as possible. Explain why the computed source code has an efficiency of
100 percent.

[6 marks]

S
d) Consider the following binary sequence

11101001100010110100...
Use the Lempel-Ziv algorithm to encode this sequence. Assume that the
binary 0 and 1 are already in the codebook.
[5 marks]

Question Five

a) What is the purpose of a communication system? [2 marks]

b) A PAM telemetry system involves the multiplexing of four input signals
5;(#),1=1,2,3,4. Two of the signals s,(¢)and s,(¢) have bandwidths of 80Hz

each, whereas the remaining two signals s,(¢) and s,(¢) have bandwidths of
1kHz each. The signals s,(¢) and s,(¢) are each sampled at 2400 samples per

second. The sampling rate is divided by 2" (i.e., an integer power of 2) to

derive the sampling rate for s,(f)and s,(¢) .

1.  Find the maximum value of R.

ii.  Using the value of R found in part (i), design a multiplexing system

that first multiplexes s,(f)and s,(¢) into a new sequence, s5(2), and
then multiplexes s,(¢) and s,(¢), ad s,(2).

[6 marks]
¢) A voice-grade channel of the telephone network has a bandwidth of 3.4kHz.

i.  Calculate the information capacity of the telephone channel for a

signal-to-noise ratio of 30dB. [2 marks]
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ii.  Calculate the minimum signal-to-noise required to support information
transmission through the telephone channel at the rate of 9600b/s.
[2 marks]

d) A source emits one of four possible syn.lbols during each signalling interval.

The symbols occur with the probabilities:

po=0.1
p1=0.2
p2=0.3
p3=0.4

Find the amount of information gained by observing the source emitting each

of these symbols.
[4 marks]

¢) A source emits one of four symbols s,,s,,s,, and s, with probabilities 1/3,

1/6, 4, and Y4, respectively. The successive symbols emitted by the source are

statistically independent. Calculate the entropy of the source.

[4 marks]

Question Six

a) Let p denote the probability of some event. Plot the amount of information by

the occurrence of this event for 0<p<I. [3 marks]

b) Given the data stream 1110010100, sketch the transmitted sequence of pulses
for each of the following line codes:
1. Unipolar non return-to-zero
ii.  Polar nonreturn-to-zero
iii.  Unipolar return-to-zero
iv.  Bipolar return-to-zero

v.  Manchester code
[5 marks]
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¢) Suppose the binary stream considered in (b) is differentially encoded and then
transmitted using one of the five line codes considered therein. Sketch each of
the transmitted data streams, assuming the use of symbol 1 for the reference

bit. How is the result affected if symbol 0 is used for the reference it?
[6 marks]

d) Consider a discrete memoryless source whose alphabet consists of K

equiprobable symbols.

1. Explain why the use of a fixed-length code for the representation of

such a source is about as efficient as any code can be.

ii.  What conditions have to be satisfied by K and the code-word length
for the coding efficiency to be 100 percent?

[6 marks]
Question Seven
a) Consider the (31, 15) Reed-Solomon code.
i.  How many bits are there in a symbol of the code?

ii.  What is the block length in bits?

iii. ~ What is the minimum distance of the code?

iv.  How many symbols in error can the code correct?
[8 marks]

b) The figure below shows the encoder for a rate r=1/2, constraint length K=4
convolutional code. Determine the encoder output produced by the message

sequence 10111.
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d)

Modulo-2
adder

e

input o— > > > ‘ Output

Y

Flip-flop

[4 marks]
Construct the code tree for the encoder above (in b). Trace the path through
the tree that corresponds to the message sequence 10111. Compare the

resulting encoder output with that found in (b) above. [4 marks]

Construct the trellis diagram for the encoder in (b), assuming a message

sequence of length 5. Trace the path through the trellis corresponding to the

message 10111. Compare the resulting encoder output with that found in (b).
[4 marks]
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Question Eight
a) For the channel of message probabilities given in the figure below, determine

the best decision about the transmitted message for each possible received

response. [6 marks]
a
m r,|m)=06
P(m)=03 - . h
S03 01
} . _v\‘N’ B ‘A/ /“/\\S\»
0.1
"5 ) 4/,««‘ \\‘ R ) .
P(m)=05 e @5 S5
0.1 ,
PP | X 4
m 1 04 |
P(my)=0.2 08
b) With decisions made in (a), Calculate the probability of error.
[6 marks]

c) Suppose the decision-making apparatus at the receiver were inoperative so
that at the receiver nothing could be determined except that a message had
been received. What would be the best strategy for determining what message

had been transmitted and what would be the corresponding probability?
[6 marks]

d) What are the virtues, and limitations, of Amplitude modulation?
[2 marks]

End of Exam. All the best!!!
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SECTION A

QUESTION 1
@ O State one of the goals of engineering in agriculture.
(i) Use a diagram to show the three classes of soil water in
reference to its availability to plants.
(i) Why is hygroscopic water not available for plant growth?

[4 Marks]
(b) A soil sample from the irrigated zone of UNZA farm was collected with
a cylindrical core-ring having the following dimensions:

* Diameter = 50 mm
= Height = 100 mm
* Mass of wet soil sample = 331.8¢g
* Mass of an oven dried sample at 105 °C = 3024 ¢
Use the above soil parameters to calculate:
(i) the bulk density of the soil
(11) the volumetric moisture content of the soil.
[6 Marks]

(¢)  Given the following data for the soil profile of an irrigated farm which
consists of two horizons:

Horizon A B
Thickness of horizon, cm 30 90
Bulk density, g/cm3 1.15 1.35
Mass basis moisture content (%)
Wilting point 10 25
Field capacity 28 38
Saturation 40 47
Initial volumetric moisture content, (%) 15 35
(1) Calculate the amounts of hygroscopic water, plant available water
and gravitational water for each horizon.
[3 Marks]
(1) Plot the resultant moisture content of the soil profile after 16.57

cm of water is added by irrigation. Assume that the A-B horizon
interface does not impede the flow of water from the A horizon to
B horizon. [7 Marks]




SECTION B

QUESTION 2

1.

(a)

(b)

(c).

(d).

Briefly define the following terms:
@) Beam
(i) Column

(i)  Slab
[3 Marks]

Name and briefly explain three (3) good practice standards that need
to be followed when selecting aggregates for good concrete.

[6 Marks]
State and briefly explain three types of roof based on span sizes.

[3 Marks]
State in correct order, the stages followed to produce a house from
architectural stage to the end product. Explain briefly the
responsibilities of every stage.

[8 Marks]



SECTION C

QUESTION 3

(1)

State the factor affecting resistance of the material.
[1 Marks]

(i) An 8 mm?2 house wiring conductor of length 10 metres was found to be

16 Ohms, what would be the resistance of the same conductor if the

Cross section area was reduced to 3mm?2?

[3 Marks]

(i1i)) State three recommendations in selecting of switches and outlets in
residential wiring. [3 Mark]

(iv)  State the principle of operation of a miniature circuit breaker.
[2 Marks]

(v)  Briefly state the types of classification of cables and name the cable
structure. [3 Marks]

(vi)  Describe what is meant by electrical shock and its treatment
[3 Marks]

(vi) State any three general rules of electrical safety
[3 Marks]

(vii) State the sources of electrical hazards
[2 Marks]



SECTION D

QUESTION 4
0] List any four Disciplines of Geomatic Engineering
[4 Marks]
(i) Define any two other disciplines of G€omatics other than the ones
listed in (i) above
[4 Marks]
(iii) Enumerate (spell out) the overlaps that exist between Engineering and
Hydrographic classifications of surveys
[6 Marks]
(iv) Two corners A and B of a proposed building ABCD are to be set out
from two control points P and Q.
[6 Marks]
Table 1.
Coordinates
Point méE mN
A 591.370 606.220
B 621.370 606.220
P 637.830 621.180
Q 583.150 619.230

Compute the bearing PA and distance QG



SECTION E

QUESTION 5.

@

(ii)

(iii)

(iv)

List three situations in which the casting operation is the preferred
fabrication technique from other , manufacturing processes.
[3 Marks]

Fig. S1 shows a schematic illustration of a sand mold showing various
features. Fill in the parts. What are the functions of parts (C) and (L).
[9 Marks]

Define milling and with the aid of a well labelled diagram, describe two
basic types of milling. [4 Marks]

What is turning? With the aid of a well labelled diagram describe the
primary and secondary motions in the turning operation.
[4 Marks]
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[1] (a) Given4x*+2Y*+8X+8Y—-8=0
(1) Reduce the conic into canonical form
(ii)  Find the vertices
(iii) Find the eccentricity
(iv) Find the foci
- (v) Find the directrices

(b) GivenY=X*+AX+B andY=CX-X

(i) Determine the constants A, B and C so that the two curves will have a

common tangent at (1, 3)
(ii)  Find the equation of the tangent at (1, 3)
(iii) Find the equation of the normal at (1, 3)

[21 (a) If B is the angle' between the two curves Y1 and Y2 as shown below.

¥




[3]

(4]

(b)

(b)

(a)

(b)

(i)
(ii)

GivenrI =

(i)
(ii)
(iii )
(iv)
(i)
(ii)
(i )
(iv)

(1)
(ii)

(i )

. . . . X z-1
Given the two intersecting lines > = = N and

(i)

(i)
(iii)

(i)

(i)
(iii )

dYz2 dvi

__dx _ dx
Show that Tanf = ~ avi_avi
dx  dx

Hence, find the angle betwgen the curves represented by
X2+XY+Y*=a and Y=2X.

12
2+Sin6
Describe the conic.

if X = rCosB and Y = rSin@ express the conic in standard form in terms of X
andY

Find the center.

Find the foci.

1
n(n+1)
1

1 n(n+1)

Find the partial sum of 3,77,

Find the sum of the series Y 5=

State the comparison test.

1

Show that Y7, Suyg Converges.

State Leibnitz’s theorem. .

Use Leibnitz’s theorem to determine the general expression of D"Y in

terms of X, where Y = 2" and D" is the nth derivative.

Hence, or otherwise write down the Taylor series for Y = 2% about X = 0.
y-2

y—2 z-1
-1 1

R ko

3
Find the point of intersection
Find the equation of the plane containing the two lines.
Find the equation of a line perpendicular to the plane passing through

the point of intersection.

If aX + bY + cZ + d = 0 is an equation of a plane and (xo, Yo, 2o} is a point,
prove that the distance of this point to the plane is given by.

lax, + by, + czg + d|
va? + b2 + ¢2

Find the distance of the point (1, 1, 1) to the plane 2X-Y+Z-8 =0
Find the distance of the point (1, 1, 1) to the line through ( -1, 1, 0) and
(1,2,-1).




[5]

(a)

(b)

(a)

A curve is given by the parametric equations; X= §t2 +t and Y= %tz -t
(i) Expresstinterms of Xand Y

(ii) Expresst®intermsof Xand Y
(iii) Using (i) and (i) show that the curve is X* -2XY + Y2 - 4X — 4Y = 0.

(i) By a rotational of axes express the second degree equation in (a)(iii) in
standard form “

(ii)  Identify the conic in b(i).

(iii) Sketch the conic in b(i) showing the new and old axes.

Given R(t) = a(Cos t+tSin t)i + a(Sint- t Cos t)j
(i) Find a normal vector in the direction of R(t)

.. ., dR(t)
(ii) Find ST
(iii)  Find the length of the arc fromt=0t0t=7—3r-

Givenr = 2(1 + cos0)
(i) Mention one line of symmetry and verify
(ii)  Sketch the graph of r(8), i.e., the curve .

2
(iii}  Given that the length of an arc for r(0) is given by [ (Z—; + r2dég,

determine the length of r.

END OF EXAMINATION
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Instructions: e There are six (6) questions in this paper. Attempt any five (5) questions.
All questions carry equal marks.
e Full credit will only be given when detailed is shown.
e Indicate your computer number on all answer booklets.

e Calculators are not allowed.

1. a) Find
1) L{e* cosh 9t};
i) L7145 + 342

b) i) Rewrite the following function in terms of the Heaviside step function

3t—t2, if0<t<3
o .

0, elsewhere
ii) Find its Laplace transform.

c) Solve the initial value problem using Laplace transforms
T
y' + 4y = —26(t - 7); y(0) = 2,4'(0) = 0.

2. a) 1) Find L:“l{zg—_s%ﬁ}.

i1) Selve the Euler equation

t'a® + 4t°2® 4 123" 4 ta' — z = 0 [fort > 0].



b) Express

3t2, if0<t<2n
F@) =9, . .
3t? +sint, ift>2rm
'

in terms of the Heaviside step function.
c¢) 1) Solve the following system by Laplace Transform method
+2+y = €
y—z = 0
with initial conditions z(0) = y(0) = 0.
11) Solve the convolution equation f; cos(t — 7)z(r)dT =t — t2.
. a) Find

D) L{5=)
i) -1 {a50

b) Show that

oo -3t _ ,—6t
/ e o (53,
0 t S

c¢) Given that y; = ct® is a solution to the equation 1y" — (t+2)y' +3y = 0; t > 0. Show,
by reduction of order, that the general solution to this equation is y = ctd + bt [ f—;dt.



4. (a)(i) If g(z) is any function, defined for all , prove that the function

p(z) = 5lo(2) + g(~2)

S
1S even.

(ii) Sketch the graph of f(z) = 1 + e¥! for z € (—m,7) and determine whether the
function is even, odd, or neither even nor odd.
(b)(i) Sketch the graph of

sinz, 0<z<m
f(m)_{O, T <z<2m.

(i) Given that a, = %f;“ f(z) cosnzdz, b, = ;lr-fozw f(z)sinnzdz for n > 1, first find
a, and b;, and consequently find the Fourier series expansion of the function f(z) defined
in part (i).

(iii) Using the Fourier series expansion in

part (ii), deduce that

NP T SOV S
2 TT3) 3(s)  s(r)y 19 T
(¢) Find the Fourier integral representation of

1, O0<xz<l
0, 1<z<oo

0, —oo<z<0
o |

5. (a) Show that the Fourier transform of

et —l<z<l
@ =4

otherwise.

is given by '
Fu) — 2sin(2 ——w)‘

2 —w

(b)  Let f(w)=[H(w+m)— H(w — m)]e™.
(1) Sketch the graph of f(w).
(i)  Find F{f(w)}.
(c) Verify that ‘

u(z,y) = tan™} (1)

is a solution of Laplace’s equation uzy, + uyy = 0.



6. (a)(i)

(i)

Verify that u(z;t) = e~ ¢t gin wz is a solution of the heat equation u; = Cuge

Verify that the partial differential equation

ug + uy = 2(z + y)u

is variable separable.

Use the Laplace transform method to solve the partial differential equation

up + 27U = 2%

given that u(z,0) =1 and u(0,t) = 1.
Given that
JF

=W
18

flw) = Fle = 5e7

find f(w) = Flze '},

END OF EXAMINATION!
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Instructions: e Attempt any five (5) questions. All questions carry equal marks.
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This paper consists of 3 pages of questions.

1. a) Write an algorithm to find a solution to f(z) = 0 by the Bisection Method, where
the function f is continuous on the interval [a,b] and f cuts the z-axis.
b) Use the algorithm in part (a) to find an approximation to z —sinz —1 =0, to
within 103, Show graphically that a solution exists in the interval {3, 7]. Find

a bound for the number of iterations needed to achieve the required accuracy

for this interval.

2. The following data has been experimentally collected:-

x 0.2 0.4 0.6 0.8 1.0
f(z) 0.9798652 0.9177710 ~ 0.8080348  0.6386093 0.3843735

~a) Approximate f(0.25) using the Newton Forward Divided-Difference formula.

b) Use the 3-point formulae to approximate f'(0.2), f (0.4) and f'(0.6).

3. a) Derive the Newton-Raphson formula for finding a root of the equation f(z) = 0.
b) Use the Newton-Raphson method to approximate, to within 10™%, the value of z that

produces the point on the graph of y = z? that is closest to (1,0).

1



4. a) Determine the values of n and h required to approximate foﬁ sin x dz with an absolute

b)

5. Consider the following Runge-Kutta method for the differential equation y = f(z,y) -

a)

b)

6. a)

error less than 2 x 107° using the Composite Simpson rule. Error is given by
b - a 4 (4)

(i) Given the function f at the following values

z 1.8 2.0 99 24 2.6
() 3.12014 4.42569 6.04241 8.03014 10.46675

use the Composite Simpson rule to approximate the area bounded by the curve,

the z-axis and the end points.

(ii) The arc length of the graph of a function g on [a, ] is given by the integral

L= /ab (1+(g'(a:))2)%d:c.

Compute the arc length of the graph g(z) = tanz on [0, §] using the Trapezoidal

rule over 5 intervals.

1
Untl = Yn+ 5 (k1 + 4ks + k3)

kl = hf (xm yn)
h kq
ko = hf (5% + ‘z'ayn + 5)

ks = Af(Zn+hyyn — ki + 2ks)

Compute y(0.4) when

and h = 0.2. Round to five decimal places.
Using the given RK formula, what is the result after one step of length A when
y = —y, y(0) = 1.

Let

211
A=11 2 1
11 2

(i) Determine the region containing the eigenvalues of A.

(i) Find the spectral radius of A.

3




b) Use the Jacobi Method to solve the linear system

10.’1)1 — T2 = 9
—~x + 10:132 - 2333 = 7
—2x5+ 1023 = 6

with tol = 1072 in the lo, norm. The initial approximation is x(© = 0.

7. a) The table below gives the temperatures (°C) and resistance R (ohms) obtained from
an experiment to determine the effects of temperature on resistance. If R = aT + b,

find the values of a and b that best fit the data.
T,°C R, ohms

20.5 765
32.7 826
51.0 873
73.2 942
95.7 1032

b) Apply Taylor’s method of order four (4) to approximate the value of y at ¢ = 0.6,

where y is the solution of the initial value problem

using stepsize h = 0.2.

END!
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This paper consists of 3 pages of questions.

1. a) Write an algorithm to find a solution to f(z) = 0 by the Bisection Method, where
the function f is continuous on the interval [a, ] and f cuts the z-axis.
b) Use the algorithm in part (a) to find an approximation to z —sinz — 1 =0, to
within 1072, Show graphically that a solution exists in the interval {,7]. Find
a bound for the number of iterations needed to achieve the required accuracy

for this interval.

2. The following data has been experimentally collected:-

x 0.2 0.4 0.6 - 0.8 1.0
flz) 0.9798652 0.9177710 =~ 0.8080348 0.6386093 0.3843735

a) Approximate f(0.25) using the Newton Forward Divided-Difference formula.

b) Use the 3-point formulae to approximate f'(0.2), f'(0.4) and f'(0.6).

3. a) Derive the Newton-Raphson formula for finding a root of the equation f(z) = 0.
b) Use the Newton-Raphson method to approximate, to within 10™%, the value of z that

produces the point on the graph of y = z? that is closest to (1,0).

1



4. a) Determine the values of n and h required to approximate fOTr sin x dz with an absolute

b)

error less than 2 X 1075 using the Composite Simpson rule. Error is given by

(i)

b=a 4.

Given the function f at the following values

z 1.8 2.0 9.2 24 2.6
f(z) 3.12014 4.42569 6.04241 8.03014 10.46675 |

use the Composite Simpson rule to approximate the area bounded by the curve,

the z-axis and the end points.

(ii) The arc length of the graph of a function g on [a,b] is given by the integral

b ) 1
L= / (1 + (g (3:))2) dz .
Compute the arc length of the graph g(z) = tanz on [0, §] using the Trapezoidal

rule over 5 intervals.

5. Consider the following Runge-Kutta method for the differential equation y = f(z,y) -

a)

b)

6. a)

1
Yntl = Ynt+ 6 (kl -+ 4k2 -+ kg)

k'l = hf(wnyyn)
h k1

k;2 = hf (:Un‘}"é‘;'yn"'E)

ks = hf(Tn+hyn — k1 + 2ks)

Compute y(0.4) when

y ==——, y(0)=1,

and A = 0.2. Round to five decimal places.

1

y

Let

(i)

Using the given RK formula, what is the result after one step of length h when

=—y, y(0) =L

21
A=1{ 1 2
11

Determine the region containing the eigenvalues of A.

DN = e

(ii) Find the spectral radius of A.



b)

Use the Jacobi Method to solve the linear system

10.’51 - X9 = 9
—~zy + 102y — 228 = 7
—2x+ 1023 = 6

with ol = 1073 in the [, norm. The initial approximation is x(® = 0.

7. a) The table below gives the temperatures (°C) and resistance R (ohms) obtained from

b)

an experiment to determine the effects of temperature on resistance. If R = aT + b,

find the values of a and b that best fit the data.
T°C R, ohms

20.5 765
32.7 826
51.0 873
73.2 942
95.7 1032

Apply Taylor's method of order four (4) to approximate the value of y at ¢ = 0.6,

where y is the solution of the initial value problem
y' =y-t2+1, 0<t<1l, y(0)=05,

using stepsize h = 0.2.

END!
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Section A: Answer any three (3) questions from this section
Question 1 (5 + 4 +5 + 8 + 3)

Driving pegs at 30 m intervals with the tops of the pegs on the required gradient, a
gradient of 1 in 120 was set out falling from elevation 1195.700 m. After a period of
time it was suspected that some of the pegs had been disturbed and the following
observations were taken in checking their levels.

LEVELLING
READINGS
HEIGHT OF | REDUCED
oNT INSTRUMENT LEVEL REMARKS
BS IS Fs
1.760 BM1
2.645 0.725
1.965 1.420
0.935 Peg 1
1.180 Peg 2
1.455 Peg 3
1.685 Peg 4
1.930 Peg5
2.175 Peg 6
0.690 2.440 Peg 7
0.925 Pe