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THE UNIVERSITY OF ZAMBIA
UNIVERSITY FIRST SEMESTER EXAMINATION — APRIL
CE 219: STATICS AND INTRODUCTION TO STRENGTH OF MATERIALS

CLOSED BOOK Examination
TIME: THREE HOURS

INSTRUCTION TO CANDIDATES

- 1. . Candidates must ensure that their computer numbers are clearly written on each
answer sheet used. L

2. Answer any THREE (03) questions from Section A and any TWO f}om Section
B.

Section A

Question 1

A force P=(1951+325j+130Kk)N is applied at point A and a force-couple 1s applied
vertically at points E and F as shown in the figure. Determine

(a) The magnitude of the force acting at A.
(b) The total moment of the force and couple about line CD.

Question 2

The lever AB is pinned at C and attached to a control cable at A. If the lever is subjected
to a 178 N horizontal force at B, determine the tension in the cable AD and the reaction at

pin C acting on the lever. Report both the magnitude and direction of the pin reaction at
C.

Be sure to illustrate the reference axis from which the angle is measured.

Question 3

The 100N weight disk is in equilibrium as shown, where it is loaded by the 20N force as
well as a pure couple C. It is in contact with a rough surface in the form of a plane
inclined at 60° to the horizontal. Show an accurate and complete free body diagram of
the disk, and then determine the values of C as well as the reaction forces from the plane
necessary for equilibrium.



Question 4

For the plane area shown in the figure, determine

(a) The first moments with respect to the X and Y axes.
(b) The location of the centroid.

Section B ;

Question 5

Using the Mohr Circle, transform the stresses shown in the figure into stresses actingona
plane at an angle of 22'/,° with the vertical axis.

Question 6

A compound bar 90cm long is made of a rod of steel 30cm long 3cm diameter securely
fastened to a rod of copper 60cm long. Under a pull of SOkN the extension in each
portion are found to be equal. Answer the following questions:

(@  What is the diameter of the copper rod?

(b) . What are the stresses in steel and copper?

(©)  What s the work done in extending the compound bar?
~+ (Es=205,000 N/mm?, E¢=110,000 N/mm?)

Question 7

For the frame element shown, determine the internal reactions (Shear force V, Axial
force P, and Bending moment M) at sections (1) and (2). Assume smooth support at B.



Question 1.

500 mm

Question 2



60°

Question 3
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Question 4
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STRUCTURAL CONCRETE DESIGN

PART ONE
ANSWER ALL QUESTIONS

esign the longitudinal steel reinforcement for an interior Simply suppoiwed beam O
etres long and spaced at 2 metre centres. The width of the beam is 200mm and
> depth is 300 mm. The depth of the slab is150mm as shown in figure 7 The
nerete cover to links is 25mm while the diameter of the links is10mm. Use the
8110 /1 Struct. E Manual design procedure. Take f ¢ u =Z5N/ mmz, fy =4G0N /
mz and unit weight of Concrete =24KN /m3. Take the weight of firisnies as 0 2

N /M2 and the live foac as 2.5 KN/ m?

2s1gn the longitiuinal reinforcement for @ braced coiumn ¢ clear Neigni o ooeties

ith the following fixity conditions, about the x — x-axis pinned at the top and

tom, about the Y ~ Y-axis pinned at the top and fixed at the bottor. The

1cing and moments are as follows, load N = 200KN,

Tx = 150KN, M2X = 200KNM, M1Y= 75KNM and M2Y= 100KNM. b= 400mm

o h = 500mm. Take h'= 0. Sh and o'= 0.875b and the optional reduction factor k
unity. Use the design chart in figure 2. F ¢ u= 30N /mm2 and Fy= 460N /mmz.

=312 the reinforcement for a short praced axially loaded square coiurn
juired carry an ultimate axial load of 2000KN assuming a steel ration 7 05 %

d assurmning durability and architectural requirements are satisfied. Take Feu=
N/mm2 and Fy = 460N / mm2

= design ultimate moment Mo a rectangular Deam of wicn: r == o e
SUlive deplii d = o oUmimas 350 KNM T fou = 40N 7/ rmm2 e Py =
Gin/mmi2 design the longitudinai reinforcement from first principals.

FART B
ANSWER TWO QUESTIONS ONLY

Determine the ultimate moment of resistance M and x/d ratic
section in figure 3 using

¥

GUIE Dy



(a) The design chart in figure 4
(b) The BS 8110 simplified stress

ndfy= 460N /mm2

block

Givenfcu= 40N/mm?2 a
Design the longitudinal reinforcement for the 450 mm by A50mm short column
section given the following:- axial load N= 2362.5 kN.
ces from the top, bottom

460 N/mm 2 and fcu=

ndmy =100 kNm. Assuming the distan
ction chart in figure 2.

s of the bars is 50 mm. Take fy=

Mx =250 kNm a
/h =0.9. Use the column intera

and sides to the centre
30N /mm 2 and assume

ntinuous beam of spans 5
fications - web width b = 300 mm and €

After calculation of moments, the moment at the suppo
237knm while the maximum mid — span moment is foun
the reinforcement at the support and mid — span assuming fcu =

= 460n/mm2 and effective length = 0.7L

(a) Atwo span co
following speci

(b) Check the deflection of the beam designed in question 6 (a) above
metres each are as shown

uous beam of 5
e shear force envelope.

n a two span contin
shown. Draw th

(a) The reactions i
load cases

in figure 6 for the three
(b) Design the shear reinforcement for the beam in question 7a where reinforcement
details are as in figure 7b.
Take fy = 460n/mm and fcu = 40N/mm,
b= 300mm and effective depth = 400mm?2
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THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS — APRIL 2002

CE 582 - CONSTRUCTION TECHNIQUES AND MANAGEMENT

INSTRUCTIONS

TIME: THREE (3) HOURS

ATTEMPT: FIVE (5) QUESTIONS FROM THE GIVEN SEVEN @)

Q1  The network shown in Fig. Q1 represents a section of work being undertaken by a
subcontractor. The subcontractor’s labour requirements are shown in Table Q1.
Because this work has to phase in with the work of the main contractor, this
section must be completed within 27 weeks. Nevertheless, the subcontractor
wishes to carry out some resource smoothing in order that there are no excessive
‘peaks’ or ‘troughs’ in his labour aggregation chart. -

Prepare two labour charts, one based on all activities starting as early as possible
and the other based on all activities starting as late as possible.
' (10 + 10 Marks)

Table Q1: Subcontractor’s labour requirements

Labour required in
Activity numbers of men
1-2
2-3
2-5
2-4
3-4
3-7
5-6
6-7
2-7

—_ NN A WA R WN




10

13

Durations alongside each arrow are in wezks

Fig.Q1: Network for subcontractor’s operations

10

27127

Q2 Identify the various tasks which can be performed by the following pieces of

equipment and their limitations, if any:

(a)  the bulldozer; "
(b) the tower crane;
(c) the grader; and
(d)  the smooth wheel roller.

Q3

(5 marks)
(5 marks)
(5 marks)
(5 marks)

(a) Identify the documents that constitute bidding requirements and briefly

(15 marks)

(b)  Explain the difference between contract documents and those documents
that constitute bidding requirements

explain the purposes each serve

(5 marks)

Q4  Table Q4.1 shows the contract budget for a small factory building. All items of
work are being carried out by the main contractor except items H and I, which

have been placed as fixed price contracts with subcontractors.

At the end of month 3, the progress report showed the following percentage
completions: A, 80%; B, 40%; C, 15%; and items D to I not yet started. The
analysis of the recorded site costs at this time revealed the variances shown in

Table Q4.2
Table Q4.2
Labour categiries Plant Materials | Subcont | Site O/H | Total
1 2 3 4 ractors
-K140,000 | -K220,000 - -K100,000 | -K20,000 - +K40,000 -K440,000




Total variance = 3.9% of contract value to date (negative sign indicates an adverse
variance).

The decision of site management at this time was to increase the amount of
supervision on site by employing another engineer with the specific tasks of
looking after progress and materials reconciliation.

At the end of month 6, the progress report showed the following percentage
completions: A, 100%; B, 100%; C, 90%; D, 75%; E, 20%; F, 10%; and G, H and
I not yet started.

The recorded costs at the end of month 6 are shown in Table Q4.3.

Table Q4.3
Labour Categories Plant Materials | Subcont | Site O/H Total
(K’000) (K’m) (K’m) ractors (K’m) (K’m)
1 2 3 4 5 (K’m)
K3 600 K4 700 K250 K200 - K11 200 K3 680 - K3 105 K26 795

(a) Draw up a table of variances for the site costs at month 6 and calculate the
total variance as percentage of the value completed.

b) Comment on the effect of the management’s decision at month 3 and
suggest what future policy should now be adopted.

() Comment on the distribution of profit throughout the items indicating why
the contractor may have may have distributed his profit in this manner,
and suggest why no profit is allocated to items H and 1.

(10 + 5 + 5 marks)



Table Q4.1

Cost Headings
Item Labour Labour Plant Materials Subcontractors | Site O/H Head Office Profit Total
Category (K’000) (K°000) (K*000) (K’000) (K’000) O/H (K’000) (K’000)
(K’000)
A Excav. 1 3500 5 000 - - 400 300 1 800 11 000
B omosn.a 2 2300 3000 1500 . - 800 400 1400 9400
ounds.
c m_awa 2 1 800 2 500 1200 - 800 400 1200 7 900
al
D Columns 2 800 1000 800 - 700 300 900 4500
C Roof 3 1200 1 000 2 600 - 600 300 500 6200
Structures
F w%wm:m__ 4 1 800 600 1500 - 300 200 400 4 800
anels
G Roof 5 900 600 1 800 - 300 200 100 3900
Cladding
H Glazing - - - - 2500 300 200 - 3000
IH& V& - - - - 11 000 800 500 - 12 300
Electrical
Services
Totals 12 300 13700 9 400 13 500 5 000 2 800 6 300 63 300




Q6

Q7

Identify the various groups of people who use construction specifications and

for what purpose. (20 marks)
Table Q6.1 shows the activities for the construction of a garage building. Draw
an activity-on-arrow network diagram for the project. Calculate the critical path
of the network, clearly showing the i-j values, durations, early start, late start,
early finish and late dates. w
Table Q6.1
Activities Activity Numbers  Duration
Tail Head (days)
A Set out site & excavate | 2 2
B Place shuttering 2 5 1
C Hardcore 5 6 2
D Dig cable trench 2 3 1
E Lay conduit in trench 3 4 1
F Order & deliver ready-mixed concrete 1 6 7
G Pour base &harden 6 7 1
H Order & deliver bricks & mortar 1 8 7
I Lay bricks to window 8 9 8
J Order & deliver windows 1 9 3
K Fit windows 9 11 1
L Order & deliver roofing & doorposts 1 12 12
M Finish bricklaying 11 12 12
N Glaze & paint windows 11 15 2
O Fit roof beams 12 13 2
P Secure roof 13 15 4
Q order & deliver doors 1 14 10
R Fit doors 14 15 2
S Strip shuttering 7 15 1
-7 pull cableﬁconnect mains 4 10 1
U Backfill trench clear of base 10 15 1
V Clean up 15 16 1
(10 + 2+ 2 + 2 +2 +2 marks)
(a) With respect to construction equipment, differentiate between

ownership and operating costs. omarks) (i /DMS
(b) State and explain the different costs into which ownership and operating
costs can be classified. (10 marks)

ENDS



THE UNIVERSITY OF ZAMBIA
SCHOOL OF ENGINEERING
AGRICULTURAL ENGINEERING
FIRST SEMESTER EXAMINATIONS APRIL 2002
EA 311 (FARM POWER AND MACHINERY)

INSTRUCTIONS
TIME ALLOWED: THREE HOURS
ATTEMPT: FIVE QUESTIONS ONLY; TWO FROM SECTION A, ONE FROM

SECTION B AND THE LAST TWO FROM SECTION C.

ANSWER SECTION A, SECTION B AND SECTION C IN SEPARATE ANSWER
BOOKLETS.

ALL QUESTIONS CARRY EQUAL MARKS, (20 MARKS EACH).
THIS QUESTION PAPER COMPRISES EIGHT QUESTIONS.

SECTION A: ANSWER TWOQO (2) QUESTION FROM THIS SECTION.
Question 1

d) With reference to Figure Q1 list the parts A to G.

] [7 marks]
e) What type of engine is this? Give reasons for your answer

. [3 marks]

f) Describe how ignition is achieved in this engine.
[5 marks]
g) Make a sketch of the gasoline fuel system and label the 3 basic component of this system

and describe the primary function of these parts.
[S marks]

Figure Q1



Question 2

a) List the functions of a governor.
[2 marks]
b) What does a mechanical governor control in:
1) a petrol engine?
[1 mark]
ii) a diese] engine?
[2 marks]
c) Describe the operations of the mechanism in injector pumps used to meter the amount of
fuel delivered to injectors on a diesel engine
[8 marks]
d) Describe the oil mist lubrication system.
[4 marks]
e) Briefly explain why an electric powered tractor would be preferred to a diesel-powered
tractor for use in a green house.
[3 marks]
Question 3
a) A four cylinder four stroke cycle engine with a firing order 1-3-4-2 is given in Table
- Q3a. Make a similar table for a six cylinder two stroke cycle engine with a firing order
1-4-2-6-3-5 by first determining the angle between any two power strokes that
immediately follow each other. Use Table Q3b on the last page of this examination
paper to answer this question. ‘
[10 marks]
b) For this engine what is the ratio of the crankshaft gear to the camshaft gear.
[2 marks]
c) True or False? "For an engine operated at variable speeds a lighter flywheel is needed."
[2 marks]
d) Name three functions of a lubrication system,
[6 marks]
Table Q3a
Crank travel Cylinder number
1 2 3 4
180° Power
360° Power
540° Power
720° Power




SECTION B: ANSWER ONE (1) QUESTION FROM THIS SECTION.
Question 4

a) What is the purpose of a harness and what factors influence its choice?
[5 marks]
b) List three species of animals most widely used for animal draught power and state at least
three advantages and three disadvantages of each specie.
(10 marks]
c) State five characteristics of good animal housing?
[S marks]
Question 5
a) Define both dynamic and static work and give an example of each.
[4 marks]
b) Why should lactic acid not be allowed to accumulate in the body and how is it removed
[3 marks]
c) What three functions does the food a human being eat used for?
[3 marks]
d) - Explain the concept and the necessity for a human being to rest when carrying out certain
jobs
[10 marks]
SECTION C: ANSWER TWO (2) QUESTIONS FROM THIS SECTION.
Question 6
a) State two differences between a disc plough and a disc harrow?
[S marks]
b) With the help of a sketch of a tandem disc harrow, briefly explain its action and effects
on the soil.
[5 marks]
c) For each of the following tillage objectives on fields located within Lusaka Province,

state one implement that would best accomplish each task:
i)  Clean tillage around mid J anuary in a field that has a lot of crop residue and weeds.

1i)  Conservation tillage in the month of May of a field that is prone to wind erosion
and has developed a medium strength hard pan due to repeated use of a disk
plough.

iii) Seedbed preparation of a field in one pass following harvesting of the previous
crop.

iv)  Covering barley seeds after broadcasting operation in early December.

v)  Primary tillage of a field with extremely dry soils and outcrops of stones and roots
just before the on-set of rains in October.

[S marks]
d) State two adjustments that have to be carried out on almost all soil engaging implements
to ensure that the implement works the soil to a uniform depth.
[5 marks]



Question 7

a)

State the key difference between the procedure of workshop calibration and that of field
calibration of a seed drill.

[4 marks]
b) Outline two sources of discrepancy in the results of workshop calibration and those of
field calibration of a seed drill.
[4 marks]
c) State the functions performed by the following components of a tractor mounted sprayer
i) Nozzle
ii) Pump
1ii) Pressure relief valve
1v) Filter
[4 marks]
d) A farmer would like to apply 121 1/ha of a certain pesticide using a tractor-mounted
sprayer. Only one set of nozzles is available and each nozzle has a capacity of 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 pesticide?
[4 marks
e) If the operating speed of the tractor had to be limited to 10 km/hr due to poor field
conditions, calculate the pressure at which the sprayer should be operated in order to
maintain the pesticide application rate of 121 1/ha. )
[4 marks]
Question 8
a) Briefly discuss crop rotation as a mechanism for weed control.
[5 marks]
b) Describe the harvesting process of a crop of wheat using a combine harvester, clearly
outlining the tasks involved in their correct order of execution and state the components
that perform each task indicated.
[10 marks]
c) List the possible causes of the following situations during combine harvesting of a crop:
1) excessive shatter of a crop
ii) excessive amount of unthreshed heads
iii)  broken kernels of grain
iv)  excessive amount of chaff in the grain tank.
V) excessive clean seed loss.
[S marks]



COMPUTER No.:

Table Q 3b

Crank angle

Cylinder Number




UNIVERSITY OF ZAMBIA
SCHOOL OF ENGINEERING
DEPARTMENT OF ELECTRICAL AND ELECTRONIC ENGINEERING
APRIL 2002 SEMESTER I FINAL EXAMINATION
EE 209 PRINCIPLES OF ELECTRICITY I
TIME: 3 Hours Total Marks : 100

PART I: ANSWER ALL QUESTIONS TOTAL : (50 marks)

1. The output of a certam mdependent current source is a function of temperature.
T(°K), i = 1x10° T2~ 6x107T + 0.1 [A]

(a) At what temperature in the range 250 < T < 320°K is is a minimum? (2 marks)

(b) At the minimum temperature, how much charge can the source deliver in 10
minutes? (2 marks)

2. The switch has been in position | for a long time. At t =0" the switch is moved to
position 2 in Fig Q2. V, = 12v, R;=200Q, R, =1000Q, C =2 uF, Ry= 5000

(a) Determine the transient voltage v(t) fort >0 (5 marks)
(b) Determine the transient current i(t) fort > 0. - (5 marks)
3. Each part has 3 marks. Total (36 marks)
(a) The alloy transistor is sliced into wafers while the mesa transistor is diced into
thin squares. [True or False]
(b) The transistor saturated mode operation most nearly duplicates the functions
of a mechanical switch. [True or False]
(c) o is greater than 1.0 for a transistor. [True or False]
(d) An optical Isolator combines an LED and a Photodlode [True or False]

(¢) InaZener diode regulator: Rg(max) = (Vz - Vin(min))/ I(max).

[True or False]
(f) The positive clipper is a circuit that removes negatlve parts of an input signal.

[True or False]
(g) For proper transistor operation the B-E and C-B are reverse biased.

[True or False]
(h) An AND-Gate is a logic circuit. [True or False]
(i) Diodes become resistors in small signal ac equivalent circuits. [True or False]
() In transistor the collector current is a base current controlled source.

[True or False]
(k) Transducers provide the link between the physical world and electronics.

[True or False]
(I) Indigital and analogue telecommunications MODEMS allow multi-way

communications. [True or False]



PART I1: ANSWER ANY TWO TOTAL (20 marks)

4 In the circuit shown in Fig. Q4 find:

(a) V4, (b) voltage V across both sources if I; is given as 12A. (10 marks)
5 Find Gaq for the network of Fig. Q5
(a) As it is shown. (7 marks)
(b) If every component is disconnected and the six elements reconnected in
parallel. (1mark)
(c) If every component is disconnected and the'six elements reconnected in
series. (2marks)

6. A linear time-invariant resistor of 4Q) has a current through it given by
i(t)=1Sin (n t). If E(0) = 0 ( energy at t =0), find the energy dissipated in the
resistor at t = ls, (b) t=2s, (c) t =0s. (10 marks)

PART III : ANSWER ALL QUESTIONS TOTAL (30 marks)

7. A series loop contains the following circuit elements in order: a 6V source, a 2kQ
resistor, a 3 kQ resistor, a 18 V source, a 7kQ resistor. The voltage sources add.

(a) Draw the circuit diagram. (5 marks)
(b) Find the magnitude of the voltage across each resistor. (5 marks)
(c) Determine the power absorbed by each element. (5 marks)

8 Find the current that will flow in a series circuit containing a 5k resistors, a
470pF capacitor, a 150mH inductor, and a 0.001pF capacitor if the exciting
voltage is 65v at 25kHz. Assume: Vs = 65 £ 0°[V]. (15 marks)

END EE 209 EXAMINATION




V=12V, R; =200 Q, R, = 1000 Q,
C=2uF, Ry = 500 O
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF ENGINEERING
DEPARTMENT OF ELECTRIC & ELECTRONIC ENGINEERING

UNIVERSITY EXAMINATION — APRIL 2002

EE 311 ELECTRIC CIRCUITS

TIME : THREE (3) HOURS
ANSWER FIVE (5) QUESTIONS

Laplace transform table will be distributed by the Lecturer

QUESTION 1.
Consider the s-plane in figure 1.
a) Find the laplace equation, F(s) of the pole-zero plot.

b) Find the inverse laplace transform of F(s) i.e find f{(t).

c) Use the initial and/or final value theorem to verify that your answer in (b) is
correct. -
i o‘“‘}
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B
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Figure 1



QUESTION 2.

Consider the network in figure 2.

a)

b)

Vo(s)

Find the transfer function H(s) =
"(s)

Find the step response from the network in the time domain

Find the impulse response of the network in the time domain.

oo
fos

Figure 2



QUESTION 3.
For the RC networks given below. Figure 3.
a) Obtain the transfer function of the systems

b) Make assumption to prove and identify integrator and differentiar circuits.

c) Draw bode plots.

Q
&

1_.

'CD"&'(‘) R vo(t) d)vg(t) C== wolt)

(a) Figure 3 (b)

QUESTION 4.

) 2
The fourier transform is defined as S(f) = f s(t)e™ 7y
0

Find the Fourier transform for:

a) The function
s(t) = %[5({ =5)+o(t+9)].
b) The function
T T
s()=u(t+—)—u(t ——
(1) =u( 2) ( 2)
c) The function

S() = 4¢P where B > 0.



QUESTION 5.

a) Sketch the function defined by
sy =u(t)—ult - +e.(u(t - —u(t-2))+3u(t-2)

b) Sketch neatly s'(t) i.e. sketch ;ld?s(t) )

c) Find and sketch the integral of the function s(t), i.e find Ls(r)dr.
QUESTION 6.

Consider the differential equation

x"(t)-6x'(t)+9x(t) = 3¢ cos 2t

Which is defined only for t > 0.

a) Find the complementary solution, x.(t) to the equation.

b) Find the particular integral, x, (t) to the equation.
o - Jx(0+) = |
C) Assume that the initial conditions are { |
1,\‘ 0+)=0

Find all constants and give the complete solution.

Hint: guess x,(t) = e (A cos 2t + B sin 2t)
g P

QUESTION 7.

a) Given s(t) = Ad(t-t,)
Find S(f) and plot the amplitude and phase frequency responses.

a2+,6’2

(s +a" jB)s +a~ jp)
express the system in vector form and draw the diagram, also using graphical
methods draw the geometrical diagram to determine the cutoff frequenéy W, the
half power frequency @wmax and natural frequency ,.

b) For a given system function H(s) =

c) For a system with one singularity
Po = -, * JW,, determine the delay due to the pole, the maximum delay and the
frequency at which the delay is half the maximum



QUESTION 8.

In this problem you shall answer “true” or “false”. You should attach the reasoning
behind your answers. Wrong answers will be penalised.

True False

a The voltage over an ideal inductor cannot
change instantaneously unless the driving
function is an impulse

b For a system to be stable the laplace equation
has to have its zeros in the left part of the s-
plane

c The simplest form to express

%[u(t).sint]isé(t) +u(t)cost

d The integral of the &-function is the step
function
e At a pole on the jo axis the phase response is

discontinuous by - 180°
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SCHOOL OF ENGINEERING
DEPARTMENT OF ELECTRICAL & ELECTRONIC ENGINEERING
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EE321
ELECTROMECHANICS & ELECTRICAL MACHINES

Time: Three hours.
Answer five questions.

Permeability of free space, up=4xx 10-7 H/m
Permittivity of free space, y=8.85x 10-12 F/m

(1) Describe the construction and principle of operation of a gas-filled incandescent
filament lamp.

[6 marks]
(ii) Deduce the relation to find the illumination at any point on a plane surface due to
a light source of luminous intensity 7, suspended at a height / from the plane surface.

[6 marks]
(ii1) Two street lamps of 1000 cd and 800 cd are mounted 12.5 m above road level
and are spaced 25 m apart. Find the illumination at a point on the ground midway
between the lamp posts and just below the lamp post, assuming the lamps emit light
uniformly in all directions.

[8 marks]

Show that, for a given voltage V and maximum electric field Epax in the dielectric of

a single-core cable, the sheath radius R, is minimum when & = ¢, where R; is the
1
conductor radius.
[10 marks]
A 10-kV a.c. voltage is applied between the conductor and sheath of a single-core
cable. The insulation can withstand an electric stress of 23 kV/cm. Find the most
economical dimensions of the cable.

[10 marks]

Derive the expression of the reluctance S of a uniform magnetic circuit of constant
cross-sectional area 4, relative permeability s, length / and excited by a coil of N
turns. :

[6 marks]
A ring of cast steel of relative permeability 1000 has an external diameter of 24 cm
and a square cross-section of side 3 cm. Inside and across the ring an ordinary steel
bar measuring 18 cm by 3 cm by 0.4 cm and of relative permeability of 2000 is fitted.
Neglecting complications at joints and corners, calculate the current required in a
2000-turn coil wound on one half of the ring to produce a flux density of 1 T in the
other half. [14 marks]
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Derive an expression for the maximum efficiency of a transformer, indicating the
conditions under which it is reached.

[10 marks]
An 11000/415-V, 50-kVA, single-phase transformer, works at 0.8 lagging power
factor. At full-load, the iron loss is 400 W and copper loss is 500 W. Calculate the
efficiency at half load and the total losses at maximum efficiency. ’

[10 marks]

Show, by suitable derivations, how the power factor of a 3-phase load can be
determined from the readings of two wattmeters. X

[8 marks]
A star-connected balanced load is supplied from a 3-phase source with a line voltage
of 416 V at 50 Hz. Each phase of the load consists of a resistance and a capacitance
connected in series. The readings of the two wattmeters connected to measure the load
power are 782 W and 1980 W, both positive, respectively. Calculate

(a) the power factor of the circuit

[4 marks]
(b) the line current
’ [4 marks]
(c) the capacitance.

[4 marks]

With the help of equivalent circuits, predict the torque-speed characteristics of the
DC Shunt motor and the DC series motor.

[10 marks]
The no-load armature current of a 230-V d.c. shunt motoris 2 A at a speed of 1200
rpm. If the full-load armature current is is 40 A, find the full-load speed and the
torque developed. Assume that the armature resistance is 0.25 Q and the field flux
remains unchanged.

[10 marks]

(a) Use phasor diagrams of magnetomotive forces, voltages and currents to describe
the modes of operation of the synchronous machine as a generator, motor and
compensator. In all cases, distinguish between leading and lagging reactive power
handling.

[10 marks]
(b) Three phase ac machines operate on the principle of a « rotating” magnetic flux.
Describe the principal features which establish the ac machine as a induction
machine and as a synchronous machine.

[4 marks]

(c) A 3-phase, 4-pole induction motor operates on a 50-Hz supply. The frequency
of the rotor induced current is 2 Hz.

(1) What is the slip?

[2 marks]
(i1) What is the speed of the rotor?

[2 marks]
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(ii1) What is the speed of the rotor mmf with respect to the rotor and with respect to
the stator?

[2 marks]

Answer any three.

(a) Knowing the expression for the stored energy in electromagnetic fields, derive
from basic principles, the expressions for the mechanical forces exerted in an

electric field of strength £ and relative permittivity & .

[6% marks]

(b) Describe the experimental methods used to determine the parameters of the
equivalent circuit of a transformer.

[6% marks]
J

(c) Explain how the a.c. voltage generated is converted to d.c. voltage in a
generator.

[6% marks|

(d) Describe the problem of starting d.c. machines and explain, with a suitable
sketch, how it is overcome in practice.

[6 % marks]

END OF EE321 EXAMINATION
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF ENGINEERING

UNIVERSITY EXAMINATIONS (FIRST SEMESTER)

FRIDAY (PM) - 19"™ APRIL 2002

ELECTRONICS (EE 431) & ELECTRONIC ENGINEERING II (EE441) PAPER

TIME ALLOWED:

ANSWER:

Q1.

THREE (03) HOURS TOTAL MARKS: 100

THIS PAPER HAS EIGHT QUESTIONS. YOU MUST ANSWER ANY FIVE
(05) QUESTIONS. EACH QUESTION CARRIES 20 MARKS AND MARKS
BREAKDOWN ARE INDICTED IN ITALICS. USEFUL CONSTANTS &
VARIABLES ARE GIVEN AT THE END THE QUESTION PAPER.

Silicon is the most widely used raw material for manufacture of present

day electronic devices and this eptomised by so many 'Silicon Valleys and

Parks' worldwide.

(i)

(ii)

(iii)

(iv)

Briefly discuss quantum numbers that completely describe the
electronic structure of a silicon atom and state the limiting
principle. (2}, marks)
Determine the electronic configuration of a silicon atom.

(1Y marks)
Using the electronic configuration obtained in (ii) above, explain
the formation of energy bands in a silicon crystal composed of N
number of atoms where N is a very large number. (4Y marks)
Using the concept developed in (iii), describe a metallic conductor,

semiconductor and insulator. (1Y marks)

For a pure silicon crystal specimen:

(V)

(ii)
(iii)

Distinguish between electrons obeying Fermi-Dirac and Maxwell-
Boltzmann statistics. (5 marks)

Which electrons take part in the conduction process? (I mark)
Determine chances of a Fermi-Dirac electron and Maxwell-
Boltzmann electron appearing in the conduction band at room

temperature. (4 marks)
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(i)

(iii)

(iv)

Briefly discuss quantum numbers that completely describe the
electronic structure of a silicon atom and state the limiting
principle. (2}, marks)
Determine the electronic configuration of a silicon atom.

(1Y, marks)
Using the electronic configuration obtained in (ii) above, explain
the formation of energy bands in a silicon crystal composed of N
number of atoms where N is a very large number. (4 marks)
Using the concept developed in (iii), describe a metallic conductor,

semiconductor and insulator. (1Y% marks)

For a pure silicon crystal specimen:

(1)

(i)
(iii)

Distinguish between electrons obeying Fermi-Dirac and Maxwell-
Boltzmann statistics. (5 marks)

Which electrons take part in the conduction process? (I mark)
Determine chances of a Fermi-Dirac electron and Maxwell-
Boltzmann electron appearing in the conduction band at room

temperature. (4 marks)



Q2.

The Ebers-Moll model is an aid for describing modes of operation of

transistor.
(i) Design an appropriate Ebers-Moll model circuit. (4 marks)

(i) Using the model obtained in (i), derive the following Ebers-Mo

general equations for emitter (I ) and collector (Ic) currents:

qVgep qVcs
I; =1 exp| — 1 apl e 1
E FO,i p( kT ) :' R RO,: Xp( kT ) j'

and
qVggp qQVep
I-=agl exp| —> |—-1]-1 ex -1
C FFO[XP( kT) } RO[ P( kT) :, f

where IE is emitter terminal current, IC is collector terminal current

Iro is saturation current of .a normally forward biased diode, Igo i
saturation current of a normally reverse biased diode, O g is forwarc
common-base gain, Oli is reverse common-base gain, VEB is emitter

base voltage and V- is collector-base voltage. (6 marks)

Figure 02. Below shows the basic arrangement of a bipolar junction

transistor (BJT) in a functional circuit. In the diagram, Ve is a fixed
direct voltage, Ry and Ry, are resistors, I and I are conventional

currents and Vg is an applied direct voltage that controls Ig. By use of

appropriate device output characteristics explain how the circuit can be:

(i) Used as an amplifier (hint: show how you obtain your operating
point). (5 Y, mark)

(ii) Used as a switch when a signal is superimposed on Vy. (1Y mark)



Q3.

Ve

Rg Ig N

ov

Figure 02. Basic arrangement of a BJT in a functional circuit

()

(ii)

(iii)

Identify two main sources of noise in electronic devices and discuss
their origins. (4 marks)

Write brief notes on Recombination, Partition, Intermodulation
and Flicker noise in electronic devices. (4 marks)

Define noise factor? Sketch a general graph showing variation of
noise factor with frequency in an electronic amplifier (clearly
explain how noise factor varies with amplifier operating
frequency). In which region must an amplifier be operated and

why? (4 marks)

An amplifier of effective resistance 4kQ) operates at a current of 2mA over

a bandwidth of 10 MHz. If the amplifier is operating at room

temperature, determine the square mean:

(1)
(ii)

Shot noise current. (4 marks)

Thermal noise current. (4 marks)






