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THE UNIVERSITY OF ZAMBIA.

UNIVERSITY SECOND SEMESTER EXAMINATION — AUGUST 2003.

CE 219 : STATICS AND INTRODUCTION TO STRENGTH OF MATERIALS.

TIME: Three Hours. ANSWER: Any THREE from Section A, and Any TWO from
Section B.

Section — A.

1. For the force system shown in the figure:
(a) Find the moment produced by the force of 70kN about the origin O.
(b) Find the moment produced by the force of 70kN about the point P.
(c) Find the moment produced by the force of 70kN about the axis OP.

2. The threaded shaft shown has a ball and socket support at B. The 1800N load can be raised or
lowered by rotating the threaded shaft, causing the threaded collar at C to move relative to the shaft.
Neglect the weights of all members. The pitch of the single threaded shaft is 6mm, the mean radius
of the thread is 25mm, and the coefficient of friction between the thread and the mating groove in the
collar is 0.24. If the system is stationary in the position shown, what couple is necessary to start the
shaft rotating to raise the load?

(Hint: Determine the component of reaction at C along the axis of the screw first. The shaft is a two-
force member, and the direction of the force is known).

3. The vertical member is rigid and it is connected to two links as shown. The links both have the
modulus of 200 GPa. The cross sectional areas and lengths of the links are shown in the figure.
Determine the maximum allowable force F o, if the maximum allowable stress (tensile or
compressive) in either link is 50 MPa. Neglect forces due to gravity.

4. A Nallimore truss with a total span of 22m is suppuiied by a pin at A aud * roller ai I The roadway
is transimitting downward forces of 4kN, 6kN, and 4kN to lower joints C, D, and E respectively.
Assume that the lower joints A through I are equally spaced at 4m intervals.

(a) Ideniify all members with member force of OkN (Zero-force members), and eliminate them
from the truss.

(b) Find the force in LK
(c) Find the force in OE

Section — B.
5. Determine the I, , Iy, and Ixy of the composite area about the centroidal axes indicated as X and Y.

6. Draw the Mohr Circle of stress for the state of stress at a point shown in the ficure  Use
trigonometrical culeulations on the ichi Circle to accomplish the following:

(@) Determine and show on a sketch the magnitude and orientation of the principle stresses.
(b) Determine and show the stress components on the plane inclined at 60 deg from the vertical as

shown.

7. Draw the Shear Force and the Bending Moment Diagrams for the beam and loading shown.

END OF EXAMINATION
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UNIVERSITY OF ZAMBIA
SCHOOL OF ENGINEERING
UNIVERSITY SEMESTER | EXAMINATIONS 2003
(AUGUST 2003)

CE 365 — SOIL SCIENCE, ROADS AND HYDROLOGY

INSTRUCTIONS

1.

There are separate instructions for the two sections.

2. All questions carry equal marks (20 %). Marks for sub- questlons are indicated at the end of
each sub-question

3. Answer each section in a separate answer booklet clearly marked as Section A or B

4. Make sure the computer number is clearly indicated on all the booklets together with the
questions attempted

TIME: THREE (3) HOURS CLOSED BOOK EXAM

SECTION A: ATTEMPT ANY FOUR QUESTIONS.
Question 1

The natural bulk density of soil from a borrow pit is 1.92g/cm?, and its moisture content is 9.3
per cent. It has been found that the maximum dry density (MDD) of the soil is 1.86g/cm® at an
optimum moisture content (OMC) of 13.5 per cent. The specific gravity of the soil particles is

2.65.

a) If the embankment layer is to be compacted to the maximum dry density (MDD), at optimum
moisture content (OMC), determine the quantity of water to be added per cubic meter of
borrow soil. 4 (10 Marks)

b) Determine the quantity of borrow area needed for one kilometer of road if the embankment
has a top width of 12m, side slopes of 2:1 and a height of 2m, and the depth of the borrow
pits is to be restricted to 0.6m. (10 Marks)

Question 2

The Table below shows four different types of aggregates that will be used to produce a
blended aggregate for use in the manufacture of asphalt concrete.

Material Percentage by Weight - Bulk Specific Gravity

A 35 2.58

B } 40 : 2.65

c ' L 15 .. 2.60

D ’ 10 2.55
a) Determine the bulk specific gravity of the aggregate mix. (5 Marks)
b) Explaln why a small percentage of void is |mportant in asphalt concrete. (5 Marks)
c) Distinguish between straight-run bitumen, cutback bltumen and emu'sion bltumen

(10 Marks)



Question 3

Explain what you understand by the following traffic engineering parameters, indicating their
use and how they are measured in the field

a) Annual Average Daily Traffic (AADT). - (10 Marks)
b) Average Daily Traffic (ADT). (10 Marks)
Question 4

A two-lane two-way road is at present carrying a traffic of 1000 commercial vehicles per day
(cv/day). It is to be strengthened for the growing traffic needs. The vehicle damage factor has
been found to be 3.0. The rate of growth of traffic is 10 per cent per annum. The period of
construction is 5 years. The pavement is to be designed for 15 years after completion.

Calculate the cumulative standard axles to be used in design. (20 Marks)

Question 5

For each of the following listed soil stabilization methods, briefly describe (i) mechanisms (ii)
improvements gained in soil mechanical properties, and (iii) state your recommendation on the
type of soils suitable under each method:

a) Lime — Soil — Pozzolana stabilization. (10 Marks)
b) Lime — Soil stabilization. | | (5 Marks)
c) Cement— Soil stabilization. ' | (5 Marks)



SECTION B: ATTEMPT ANY ONE QUESTION

Question 6

The following field notes were taken at a nest of piezometers installed side by side at a single
site:

Piezometer A B C
Elevation at surface (m above sea level) 450 4590 450
pepth of piezometer (m) or depth to where head 150 100 50
is measured

Depth to water (m) 27 47 36

Let A,B, and C refer to the points of measurement of piezometers a, b, and c. Calculate:

a) The hydraulic head at A, B, and C (m). (hint: head = elevation head + pressure head, and

you need to select a datum when you calculate the head) (5 Marks)
b) The pressure head at A, B, and C (m). (5 Marks)
c) The elevation head at A, B, and C (m). (5 Marks)
d) The fluid pressure at B (N/m?). (3 Marks)
e) The hydraulic gradients between A and B and between B and C. (2 Marks)
Question 7
a) Describe the main features of a stream flow hydrograph. , (5 Marks)

b) Give detailed descriptions of the methods one would use to separate base flow and direct

runoff. (5 Marks)
c) From the isohyetal map and the table below, compute the average precipitation for the area.
(10 Marks)
lin
Isohyet Area enclosed
. ' (mi?)
5 13
. 4 ; 90 |
3 206 :
2 402 - |
1 595 i
<1 626 |t




Question 8

A constant head permeameter was used to determine the hydraulic conductivity of coarse sand
in the laboratory. The results of the test are given in Tabje 1. The fluid used for testing was
water. Figure 1 is a schematic drawing of the laboratory permeameter. The inside diameter of
the sample tubing is 4.8cm and the length of the sand sample is 15.2cm. The experiment
consisted of ten individual tests each with a different position of the constant head (the head
difference between the constant head and the head of the permeameter outlet is given in Table
1). The flow rate for each test was determined by measuring the volume of water collected at

the outlet and the corresponding time.

Calculate the Hydraulic Conductivity of the sample. (20 Marks)

Constant supply

of waler \
— —
T = l Overflow

Heao
difference
Air vent Ah

}

oa A.s-

8
e :
®
z
volumra of o ]
water collected " RN g
through time ¢ | Cross-sectional 1 gngtn 'I

Porous stong —»

Figure 1 Schematic representation of the constant head permeameter used for testing the sand

sample

Table 1 Results of the constant head permeameter test of a sand sample

Test # T |2 |3 |4 |5 |6 |7 |8 [fo |10
Head difference (cm). || 5 6 7 8 9 10 |12 {14 }16 |18
Volume (cubicom) |4 135 |5 |55 3 |6 |35 3:_”§6A 45
Timev(sec) : 125 192 | 106 112“46 92 |48 |34 B 61 || 45

END OF EXAMINATION
4




UNIVERSITY OF ZAMBIA
SCHOOL OF ENGINEERING
UNIVERSITY SEMESTER | EXAMINATIONS 2003
(AUGUST 2003)

CE 365 — SOIL SCIENCE, ROADS AND HYDROLOGY

INSTRUCTIONS

1. There are separate instructions for the two sections.

2. All questions carry equal marks (20 %). Marks for sub- questlons are indicated at the end of
each sub-question

3. Answer each section in a separate answer booklet clearly marked as Section A or B

4. Make sure the computer number is clearly indicated on all the booklets together with the
questions attempted

TIME: THREE (3) HOURS CLOSED BOOK EXAM

SECTION A: ATTEMPT ANY FOUR QUESTIONS.

Question 1

The natural bulk density of soil from a borrow pit is 1.92g/cm®, and its moisture content is 9.3
per cent. It has been found that the maximum dry density (MDD) of the soil is 1.86g/cm?® at an

optimum moisture content (OMC) of 13.5 per cent. The specific gravity of the soil particles is
2.65.

a) [f the embankment layer is to be compacted to the maximum dry density (MDD), at optimum
moisture content (OMC), determine the quantity of water to be added per cubic meter of
borrow soil. | (10 Marks)

b) Determine the quantity of borrow area needed for one kilometer of road if the embankment

has a top width of 12m, side slopes of 2:1 and a height of 2m, and the depth of the borrow
pits is to be restricted to 0.6m. - (10 Marks)

Question 2

The Table below shows four different types of aggregates that will be used to produce a
blended aggregate for use in the manufacture of asphalt concrete.

Material : Percentage by Weight Bulk Specific Gravity
A 35 ’ 2.58
B . 40 K 2.65
- C .15 I 260
D 10 2.55
a) Determine the bulk specific gravity of the aggregate mix. (5 Marks)
b) Explain why a smarll percentage of void is important in asphalt concrete. (5 Marks)

c) Distinguish between straight-run bitumen, cutback bitumen, and emulsion bitumen.
(10 Marks)



Question 3

Explain what you understand by the following traffic engineering parameters, indicating their
use and how they are measured in the field

a) Annual Average Daily Traffic (AADT). . (10 Marks)
b) Average Daily Traffic (ADT). (10 Marks)
Question 4

A two-lane two-way road is at present carrying a traffic of 1000 commercial vehicles per day
(cviday). It is to be strengthened for the growing traffic needs. The vehicle damage factor has
been found to be 3.0. The rate of growth of traffic is 10 per cent per annum. The period of
construction is 5 years. The pavement is to be designed for 15 years after completion.

Caiculate the cumulative standard axles to be used in design. (20 Marks)

Question 5

For each of the following listed soil stabilization methods, briefly describe (i) mechanisms (ii)
improvements gained in soil mechanical properties, and (iii) state your recommendation on the
type of soils suitable under each method:

a) Lime — Soil — Pozzolana stabilization. (10 Marks)
b) Lime — Soil stabilization. _ 5 Mérks)
¢) Cement — Soil stabilization. ' (5 Marks)

i



SECTION B: ATTEMPT ANY ONE QUESTION

Question 6

The following field notes were taken at a nest of piezometers installed side by side at a single
site:

Piezometer A B C
Elevation at surface (m above sea level) 450 450 i 450
pepth of piezometer (m) or depth to where head 150 100 50
is measured

Depth to water (m) 27 47 Il 36

Let A,B, and C refer to the points of measurement of piezometers a, b, and c. Calculate:

a) The hydraulic head at A, B, and C (m). (hint: head = elevation head + pressure head, and

you need to select a datum when you calculate the head) (5 Marks)
b) The pressure head at A, B, and C (m). (5 Marks)
¢) The elevation head at A, B, and C (m). (5 Marks)
d) The fluid pressure at B (N/m?). (3 Marks)
e) The hydraulic gradients between A and B and between B and C. (2 Marks)
Question 7
a) Describe the main features of a stream flow hydrograph. : (5 Marks)

b) Give detailed descriptions of the methods one would use to separate base flow band direct
runoff. (5 Marks)

c) From the isohyetal map and the table below, compute the average precipitation for the area.
’ (10 Marks)

Isohyet - Area enclosed
(mi*)

' 13
90
206
402

L 595

<1 - . 626

sl alo




Question 8

A constant head permeameter was used to determine the hydraulic conductivity of coarse sand
in the laboratory. The results of the test are given in Tabje 1. The fluid used for testing was
water. Figure 1 is a schematic drawing of the laboratory permeameter. The inside diameter of
the sample tubing is 4.8cm and the length of the sand sample is 15.2cm. The experiment
consisted of ten individual tests each with a different position of the constant head (the head
difference between the constant head and the head of the permeameter outlet is given in Table
1). The flow rate for each test was determined by measuring the volume of water collected at
the outlet and the corresponding time.

Calculate the Hydraulic Conductivity of the sample. (20 Marks)

Constant supply

ot waler \
| . s
T = I Ovarflaw

Haad

difference
Air vent Ah

=
4 g
z
Volumra of 3
wates collected PO H
through time ¢ 1

Porous stone — R

Figure 1 Schematic representation of the constant head permeameter used for testing the sand
sample

Table 1 Results of the constant head permeameter test of a sand sample

Test # 1 2 3 4 5 6 7 8 9 10

Head difference (cm). |5 |6 7 8 9 10 12 |14 |16

18
Volume (cubiccm) (4 |35 |5 |55 |3 |6 [353 |6 li4.5
=

Time (sec) 12592 J106 112146 fo2 |48 |34 f61 |4

END OF EXAMINATION
4



UNIVERSITY OF ZAMBIA
SCHOOL OF ENGINEERING
UNIVERSITY SEMESTER | EXAMINATIONS 2003
(AUGUST 2003)

CE 365 — SOIL SCIENCE, ROADS AND MYDROLOGY

INSTRUCTIONS

1. There are separate instructions for the two sections. .

2. All questions carry equal marks (20 %). Marks for sub-questions are indicated at the end of
each sub-question

3. Answer each section in a separate answer booklet clearly marked as Section A or B

4. Make sure the computer number is clearly indicated on all the booklets together with the
questions attempted

TIME: THREE (3) HOURS CLOSED BOOK EXAM

SECTION A: ATTEMPT ANY FOUR QUESTIONS.

Question 1

The natural bulk density of soil from a borrow pit is 1.92g/cm?®, and its moisture centent is 9.3
per cent. It has been found that the maximum dry density (MDD) of the soil is 1.86g/cm® at an
optimum moisture content (OMC) of 13.5 per cent. The specific gravity of the soil particles is
2.65.

a) If the embankment layer is to be compacted to the maximum dry density (MDD), at optimum
moisture content (OMC), determine the quantity of water to be added per cubic meter of
borrow soil. ‘ (10 Marks)

b) Determine the quantity of borrow area needed for one kilometer of road if the embankment

has a top width of 12m, side slopes of 2:1 and a height of 2m, and the depth of the borrow
pits is to be restricted to 0.6m. (10 Marks)

Question 2

The Table below shows four different types of aggregates that will be used to praduce a
blended aggregate for use in the manufacture of asphalt concrete.

Material Percentage by Weight Bulk Specific Gravity

A 35 ’ 2.58

B ’ 40 ; . 2.65

C : 15 2.60

D 10 2.55
é) Determine the bulk specific gravity of the aggregate mix. - (5 Marks)
b) Explain why a small percentage of void is important in asphalt concrete. (5 Marks)

c) Distinguish between straight-run bitumen, cutback bitumen, and emulsion bitumen.
(10 Marks)



Question 3

Explain what you understand by the following traffic engineering parameters, indicating their
use and how they are measured in the field

a) Annual Average Daily Traffic (AADT). . (10 Marks)
b) Average Daily Traffic (ADT). (10 Marks)
Question 4

A two-lane two-way road is at present carrying a traffic of 1000 commercial vehicles per day
(cv/day). It is to be strengthened for the growing traffic needs. The vehicle damage factor has
been found to be 3.0. The rate of growth of traffic is 10 per cent per annum. The period of
construction is 5 years. The pavement is to be designed for 15 years after completion.

Calculate the cumulative standard axles to be used in design. (20 Marks)

Question 5

For each of the following listed soil stabilization methods, briefly describe (i) mechanisms (ii)
improvements gained in soil mechanical properties, and (i) state your recommendation on the
type of soils suitable under each method:

a) Lime — Soil — Pozzolana stabilization. (10 Marks)
b) Lime — Soil stabilization. , | (5 Marks)
c) Cement — Soil stabilization. ' (5 Marks)

4




SECTION B: ATTEMPT ANY ONE QUESTION

Question 6

The following field notes were taken at a nest of piezometerg installed side by side at a single
site:

Piezometer A B C
Elevation at surface (m above sea level) 450 450 450
pepth of piezometer (m) or depth to where head 150 100 50
is measured

Depth to water (m) 27 47 36

Let A,B, and C refer to the points of measurement of piezometers a, b, and c. Calculate:

a) The hydraulic head at A, B, and C (m). (hint: head = elevation head + pressure head, and

you need to select a datum when you calculate the head) (5 Marks)
b) The pressure head at A, B, and C (m). (5 Marks)
¢) The elevation head at A, B, and C (m). (5 Marks)
d) The fluid pressure at B (N/m?). (3 Marks)
e) The hydraulic gradients between A and B and between B and C. (2 Marks)
Question 7
a) Describe the main features of a stream flow hydrograph. (5 Marks)

b) Give detailed descriptions of the methods one would use to separate base flow and direct
runoff. (5 Marks)

c) From the isohyetal map and the table below, compute the average precipitation for the area.
(10 Marks)

lin

(i)
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~ 90
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402
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<1 626
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Question 8

A constant head permeameter was used to determine the hydraulic conductivity of coarse sand
in the laboratory. The results of the test are given in Tablg 1. The fluid used for testing was
water. Figure 1 is a schematic drawing of the laboratory permeameter. The inside diameter of
the sample tubing is 4.8cm and the length of the sand sample is 15.2cm. The experiment
consisted of ten individual tests each with a different position of the constant head (the head
difference between the constant head and the head of the permeam"eter outlet is given in Table
1). The flow rate for each test was determined by measuring the volume of water collected at
the outlet and the corresponding time.

Calculate the Hydraulic Conductivity of the sample. (20 Marks)

Constant supply
of waler \'
.

T‘ = |0verﬂow

Head
difference
Air vent Ah

|

[
4
Volumra of

water collected }° &
through time { |-}

< Flow of water

Porous stone —»

Figure 1 Schematic representation of the constant head permeameter used for testing the sand
sample

Table 1 Results of the‘constant head permeameter test of a sand sample

Test # 1 2 3 4 5 6 7 8 9 10

Head difference (cm). || 5 6 7 8 9 10 12 114 |f16 |18

Volume (cubicem) |4 3505 |55 |3 |6 {353 6 [as5

Time (sec) = 125 |92 [106 | 112 |46 |92 |48 l[34 61 [|45

END OF EXAMINATION
4



CE 425

THE UNIVERSITY OF ZAMBIA
UNIVERSITY FIRST SEMESTER EXAMINATIONS

AUGUST, 2003
SOIL MECHANICS AND FOUNDATION ENGINEERING

Time aliowed: 3 hours
CLOSED BOOK

Caution: Read all questions very carefully before deciding which ones to attempt.

Instructions: Attempt any THREE questions from SECTION A and BOTH
questions from SECTION B.

All questions in each section carry equal marks (thus 25% in section A and 12% %
in section B). Marks for sub-questions are indicated at the end of each sub-section.

It is desirable to show the method of calculation and the steps taken to achieve the
results. All symbols used in equations and formulae should be clearly defined. Where
ever possible illustrate with sketches in your discussions. Make sure the computer
number is clearly indicated on all the booklets together with the numbers of questions
attempted.
SECTION A
QUESTION ONE - CONSISTENCY OF SOILS
(3) The following were obtained as results of a shrinkage limit test:-

= initial volume of soil in a saturated state is 24.6cm’ ;

» final volume of soil in a dry state is 15.9cm’;

® initial mass in a saturated state is 44g;

» final mass in a dry state is 30.1g.

Determine the shrinkage limit of the soil.
(10 marks)

(b) With the use of the Cassagrande Apparatus, a liquid and plastic limit
determination on a soil gave the following results:-



LIQUID LIMIT TEST

Test No. | Tin mass (g) Tin + wet soil (g) Tin + dry soil (g)
1 23.68 40.86 34.68
2 22.93 42.62, 35.78
3 26.27 38.02 34.27
PLASTIC LIMIT TEST
Test No. | Tin mass (g) Tin + wet soil (g) Tin + dry soil (g)
1 25.34 32.17 31.01
2 24.83 30.48 29.51
1) Determine the plasticity index of the soil.
(10 marks)

(i) ~ Which one of the two tests above would have been done by the use of
the Cassagrande apparatus?

QUESTION TWO - SOIL COMPACTION
The following results were obtained from a compaction test using the 2.5kg rammer:-

(5 marks) |
(25 marks)

Mass of mould + wet soil (g) | 2783

3057 | 3224

3281 3250 | 3196

Water content (%)

8.1

9.9 12.0

14.3 16.1 18.2

The mass of the compaction mould less its collar and base was 1130g and the soil had
a particle specific gravity of 2.7.

6)) Plot the diagram and determine the most appropriate moisture content.

(15 marks)

(i1) Plot on the same diagram, the curves that represent zero air voids, five air
voids and ten air voids.

R e

QUESTION THREE - EFFECTIVE STRESS
A soil profile was found to consist of three layers in a bore hole; as follows:-

* Dry sand with unit weight of 16.5kN /m® and six metres thick, overlies the

clay soil with saturated unit weight of 19.25 kN /m’ and thirteen metres thick.
* Animpermeable layer underlies the clay soil while the ground phreatic surface
is at the boundary of the sand and clay.
1) Calculate the
(a) total stress,
(b) effective stress,
at points A, B, C and D such that:-
* Disa point at the top surface of the impermeable layer;
= A isapoint at the ground surface;
* Cisapoint on the ground water level, while;

_ , (10 marks)
(25 marke)

 ,_."¢,:.‘1~" e



» B is a point situated half way in the sand layer depth.

(10 marks)
(ii)  Sketch the soil profile of layers showing allgoints A, B, C and D.
(10 marks)
(iii)  Draw the variations with depth of;-
(a) Total stress;
(b) Pore water pressure
(c) Effective stress.
(5 marks)
(25 marks)

QUESTION FOUR - DRAINED TRIAXIAL TEST
A consolidated drained test was conducted on a normally consolidated clay.

o.,=276kN /m’
(6o, )f =276 kN /s
Determine:-

(a) angle of friction;

(10 marks)
(b) angle of inclination that the failure plane makes with the major principal
plane; and
(5 marks)
(c) effective normal stress and shear stress on the failure plane.
(10 marks)
(25 marks)

SECTION B
QUESTION FIVE - LATERAL EARTH PRESSURE
Outline the concept of lateral earth pressure. Show how you understand the
following:-
s Earth pressure at rest;
~ = Rankine’s theorv of active pressure;
“» " Rankine < theory of passive pressure.

(12y2 marks)

QUESTION SIX - SLOPE STABILITY ANALYSIS
Explain in detail the meaning of slope stability targeting your thinking to factors of
safety in:-
= Slopes of soils that possess both cohesive and frictional characteristics;
=  Slopes wiiiy cuhesion, aad; :
= Siopes without cohesion.
You are required to indicate forces that act on a soil mass.

(12% marks)

END OF EXAMINATION
GOOD LUCK!



CE 425

THE UNIVERSITY OF ZAMBIA
UNIVERSITY FIRST SEMESTER EXAMINATIONS

AUGUST, 2003
SOIL MECHANICS AND FOUNDATION ENGINEERING

Time allowed: 3 hours
CLOSED BOOK

Caution: Read all questions very carefully before deciding which ones to attempt.

Instructions: Attempt any THREE questions from SECTION A and BOTH
questions from SECTION B.

All questions in each section carry equal marks (thus 25% in section A and 12% %
in section B). Marks for sub-questions are indicated at the end of each sub-section.

It is desirable to show the method of calculation and the steps taken to achieve the
results. All symbols used in equations and formulae should be clearly defined. Where
ever possible illustrate with sketches in your discussions. Make sure the computer
number is clearly indicated on all the booklets together with the numbers of questions
attempted.

SECTION A
QUESTION ONE — CONSISTENCY OF SOILS
fa) The following were obtained as results of a shrinkage limit test:-
» jinitial volume of soil in a saturated state is 24.6cm’ ;
* final volume of soil in a dry state is 15.9cm’ ;
» initial mass in a saturated state is 44g;
» final mass in a dry state is 30.1g.

Determine the shrinkage limit of the soil.
(10 marks)

(b) With the use of the Cassagrande Apparatus, a liquid and plastic limit
determination on a soil gave the following results:- ‘



LIQUID LIMIT TEST

Test No. | Tin mass (g) Tin + wet soil (g) Tin + dry soil (g)
1 23.68 40.86 34.68
2 22.93 42.62 35.78
3 26.27 38.02 34.27
PLASTIC LIMIT TEST :
Test No. | Tin mass (g) Tin + wet soil (g) Tin + dry soil (g)
1 25.34 32.17 31.01
2 24.83 30.48 29.51
6] Determine the plasticity index of the soil.
(10 marks)

(i) Which one of the two tests above would have been done by the use of
the Cassagrande apparatus?

QUESTION TWO

- SOIL COMPACTION

S marks)w
(25 marks)

The following results were obtained from a compaction test using the 2.5kg rammer:-

Mass of mould + wet soil (g) | 2783

3057 | 3224

3281 3250 | 3196

Water content (%)

8.1

9.9 12.0

14.3 16.1 18.2

The mass of the compaction mould less its collar and base was 1130g and the soil had
a particle specific gravity of 2.7.

Q) Plot the diagram and determine the most appropriate moisture content.

"

(15 marks)

(i1) Plot on the same diagram, the curves that represent zero air voids, five air
voids and ten air voids.

QUESTION THREE - EFFECTIVE STRESS
A soil profile was found to consist of three layers in a bore hole; as follows:-

» Dry sand with unit weight of 16.5kN /m’ and six metres thick, overlies the

clay soil with saturated unit weight of 19.25 kN /m’ and thirteen metres thick.
* An impermeable layer underlies the clay soil while the ground phreatlc surface
is at the boundary of the sand and clay.
1) Calculate the
(a) total stress,
(b) effective stress,
at points A, B, C and D such that:-
» Dis a point at the top surface of the impermeable layer;
= A isapoint at the ground surface;
= (Cisa point on the ground water level, while;

(10 marks)
(25 inarks)

e L



= B is a point situated half way in the sand layer depth.

(10 marks)
(i)  Sketch the soil profile of layers showing all ppints A, B, C and D.
(10 marks)
(ili)  Draw the variations with depth of;-
(a) Total stress;
(b) Pore water pressure
(c) Effective stress.
(5 marks)
(25 marks)

QUESTION FOUR - DRAINED TRIAXIAL TEST
A consolidated drained test was conducted on a normally consolidated clay.

o,=276kN /m’

Ao, )f =276kN im’ . .
Determine:-
(a) angle of friction;
(10 marks)
(b) angle of inclination that the failure plane makes with the major principal
plane; and
(5 marks)
(c) effective normal stress and shear stress on the failure plane.
(10 marks)
(25 marks)

SECTION B
QUESTION FIVE - LATERAL EARTH PRESSURE
Outline the concept of lateral earth pressure. Show how you understand the
following:-
= Earth pressure at rest;
» Rankine’s theory of active pressure;
-+ a-~Rankine’s theory of passive pressure.

(12 % marks)

QUESTION SIX - SLOPE STABILITY ANALYSIS
Explain in detail the meaning of slope stability targeting your thinking to factors of
safety in:-
» Slopes of soils that possess both cohesive and frictional characteristics;
«  Sjupes with cohesion, and; ‘
» Slopes without cohesion.
You are required to indicate forces that act on a soil mass.

(12% marks)

END OF EXAMINATION
GOOD LUCK!



CE 425

THE UNIVERSITY OF ZAMBIA
UNIVERSITY FIRST SEMESTER EXAMINATIONS

AUGUST, 2003
SOIL MECHANICS AND FOUNDATION ENGINEERING

Time allowed: 3 hours
CLOSED BOOK

Caution: Read all questions very carefully before deciding which ones to attempt.

Instructions: Attempt any THREE questions from SECTION A and BOTH
questions from SECTION B.

All questions in each section carry equal marks (thus 25% in section A and 12% %
in section B). Marks for sub-questions are indicated at the end of each sub-section.

It is desirable to show the method of calculation and the steps taken to achieve the
results. All symbols used in equations and formulae should be clearly defined. Where
ever possible illustrate with sketches in your discussions. Make sure the computer
number is clearly indicated on all the booklets together with the numbers of questions
attempted.

SECTION A
QUESTION ONE - CONSISTENCY OF SOILS
(a) ‘The following were obtained as results of a shrinkage limit test:-
» initial volume of soil in a saturated state is 24.6cm’ ;
» final volume of soil in a dry state is 15.9cm’;
» initial mass in a saturated state is 44g;
* final mass in a dry state is 30.1g.

Determine the shrinkage limit of the soil.
(10 marks)

(b) With the use of the Cassagrande Apparatus, a liquid and plastic limit
determination on a soil gave the following results:-



LIQUID LIMIT TEST

Test No. | Tin mass (g) Tin + wet soil (g) Tin + dry soil (g)
1 23.68 40.86 34.68
2 22.93 42.62» 35.78
3 26.27 38.02 34.27
PLASTIC LIMIT TEST .
Test No. | Tin mass (g) Tin + wet soil (g) Tin + dry soil (g)
1 25.34 32.17 31.01
2 24.83 30.48 29.51
(1) Determine the plasticity index of the soil.
(10 marks)
(i1) Which one of the two tests above would have been done by the use of
the Cassagrande apparatus? : :
6 marks)
(25 marks)
QUESTION TWO - SOIL COMPACTION
The following results were obtained from a compaction test using the 2.5kg rammer:-
Mass of mould + wet soil (g) | 2783 3057 | 3224 {3281 3250 | 3196
Water content (%) 8.1 9.9 12.0 14.3 16.1 18.2

The mass of the compaction mould less its collar and base was 1130g and the soil had
a particle specific gravity of 2.7.

1) Plot the diagram and determine the most appropriate moisture content.
(15 marks)
(i1) Plot on the same diagram, the curves that represent zero air voids, five air

voids and ten air voids.
PR (10 marks)
oS L. = (25 marks)

QUESTION THREE - EFFECTIVE STRESS
A soil profile was found to consist of three layers in a bore hole; as follows:-

* Dry sand with unit weight of 16.5kN /m’ and six metres thick, overlies the

clay soil with saturated unit weight of 19.25 kN /m*® and thirteen metres thick.
* Animpermeable layer underlies the clay soil while the ground phreatic surface
is at the boundary of the sand and clay. " o
(i)  Calculate the e T
(a) total stress,
(b) effective stress,
at points A, B, C and D such that:-
* Disa point at the top surface of the impermeable layer;
= A isapoint at the ground surface;
» (Cis a point on the ground water level, while;



» B isa point situated half way in the sand layer depth.

(10 marks)
(i1) Sketch the soil profile of layers showing all pgints A, B, C and D.
(10 marks)
(iii)  Draw the variations with depth of;-
(a) Total stress;
(b) Pore water pressure
(c) Effective stress.
(5 marks)
(25 marks)

QUESTION FOUR - DRAINED TRIAXIAL TEST
A consolidated drained test was conducted on a normally consolidated clay.

o,=276kN /m’
\Ao, )f =276 kN /m’ SREE
Determine:-

(a) angle of friction;

(10 marks)
(b) angle of inclination that the failure plane makes with the major principal
plane; and
(5 marks)
(c) effective normal stress and shear stress on the failure plane.
(10 marks)
(25 marks)

SECTION B
QUESTION FIVE - LATERAL EARTH PRESSURE
Outline the concept of lateral earth pressure. Show how you understand the
following:-
= Earth pressure at rest;
= Rankine’s theory of active pressure:
-« 7 - Rankine’s theory ot passive pressure.

(12y2 marks)

QUESTION SIX - SLOPE STABILITY ANALYSIS
Explain in detail the meaning of slope stability targeting your thinking to factors of
safety in:-
= Slopes of soils that possess both coheswe and frictional characteristics;
= Slopes with coheston -Gine, SRR
» Slopes without cohesion.
You are required to indicate forces that act on a soil mass.

(12% marks)

END OF EXAMINATION
GOOD LUCK!



CE 425

THE UNIVERSITY OF ZAMBIA
UNIVERSITY FIRST SEMESTER EXAMINATIONS

AUGUST, 2003
SOIL MECHANICS AND FOUNDATION ENGINEERING

Time allowed: 3 hours
CLOSED BOOK

Caution: Read all questions very carefully before deciding which ones to attempt.

Instructions: Attempt any THREE questions from SECTION A and BOTH
questions from SECTION B.

All questions in each section carry equal marks (thus 25% in section A and 12% %
in section B). Marks for sub-questions are indicated at the end of each sub-section.

It is desirable to show the method of calculation and the steps taken to achieve the
results. All symbols used in equations and formulae should be clearly defined. Where
ever possible illustrate with sketches in your discussions. Make sure the computer
number is clearly indicated on all the booklets together with the numbers of questions
attempted.

SECTION A
QUESTION ONE - CONSISTENCY OF SOILS
(a) The following were obtained as results of a shrinkage limit test:-
®» initial volume of soil in a saturated state is 24.6cm’ ;
» final volume of soil in a dry state is 15.9¢cm’;
= initial mass in a saturated state is 44g;
» final mass in a dry state is 30.1g.

Determine the shrinkage limit of the soil.
(10 marks)

(b) With the use of the Cassagrande Apparatus, a liquid and plastic limit
determination on a soil gave the following results:-



LIQUID LIMIT TEST

Test No. | Tin mass (g) Tin + wet soil (g) Tin + dry soil (g)
1 23.68 40.86 34.68
2 22.93 42.62= 35.78
3 26.27 38.02 34.27
PLASTIC LIMIT TEST .
Test No. | Tin mass (g) Tin + wet soil (g) Tin + dry soil (g)
1 25.34 32.17 31.01
2 24.83 30.48 29.51
(1) Determine the plasticity index of the soil.
(10 marks)

(1)  Which one of the two tests above would have been done by the use of
the Cassagrande apparatus? : '

(5 marks)
(25 marks)
QUESTION TWO - SOIL COMPACTION
The following results were obtained from a compaction test using the 2.5kg rammer:-
Mass of mould + wet soil (g) | 2783 3057 3224 3281 3250 3196
Water content (%) 8.1 9.9 12.0 14.3 16.1 18.2

The mass of the compaction mould less its collar and base was 1130g and the soil had

a particle specific gravity of 2.7.

(1) Plot the diagram and determine the most appropriate moisture content.
(15 marks)

(1)  Plot on the same diagram, the curves that represent zero air voids, five air
voids and ten air voids.

QUESTION THREE - EFFECTIVE STRESS
A soil profile was found to consist of three layers in a bore hole; as follows:-

(10 marks)

25 marks)

* Dry sand with unit weight of 16.5kN /m® and six metres thick, overlies the

clay soil with saturated unit weight of 19.25 kN /m* and thirteen metres thick.
* Animpermeable layer underlies the clay soil while the ground phreatic surface
is at the boundary of the sand and clay.

(1) Calculate the
(a) total stress,

(b) effective stress,

at points A, B, C and D such that:-

* Disapoint at the top surface of the impermeable layer;
* Aisa point at the ground surface;
= (Cis a point on the ground water level, while;



» B isa point situated half way in the sand layer depth.

(10 marks)
(i)  Sketch the soil profile of layers showing all points A, B, C and D.
(10 marks)
(iii))  Draw the variations with depth of;-
(a) Total stress;
(b) Pore water pressure
(c) Effective stress.
(5 marks)
(25 marks)

QUESTION FOUR - DRAINED TRIAXIAL TEST
A consolidated drained test was conducted on a normally consolidated clay.

o,=276kN /m’
(Ao, )f = 216 kN im’
Determine:-

(a) angle of friction;

(10 marks)
(b) angle of inclination that the failure plane makes with the major principal
plane; and
(5 marks)
(c) effective normal stress and shear stress on the failure plane.
(10 marks)
(25 marks)

SECTION B
QUESTION FIVE - LATERAL EARTH PRESSURE
Outline the concept of lateral earth pressure. Show how you understand the
following:-
» Earth pressure at rest;
» Rankine’s theory of active pressure:
»  Raukine’c thecry of passive pressure.

(12% marks)

QUESTION SIX — SLOPE STABILITY ANALYSIS
Explain in detail the meaning of slope stability targeting your thinking to factors of
safety in:-
» Slopes of soils that possess both cohesive and frictional characteristics;
s Slopes with cohesion, and;
= Slopes without cohesion.
You are required to indicate forces that act on a soil mass.

(12 y2 marks)

END OF EXAMINATION
GOOD LUCK!



THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS — AUGUST 2003

S
CE 581' — CONSTRUCTION TECHNIQUES AND MANAGEMENT

INSTRUCTIONS

TIME: THREE (3) HOURS

ATTEMPT: FIVE (5) QUESTIONS FROM THE GIVEN SEVEN (7)

Q1 The construction plan for a house is shown in Figure Q1. Table Q1 gives the
manhours required and the team size for each operation.

Prepare a line of balance schedule for a contract of 30 houses using a target rate of
build of four houses per week with each team working at their natural rate.
Assume a minimum buffer time of five days between operations and five 8-hour
days per week.

What is the overall duration of the project and when will the first team of
bricklayers (superstructure operation) leave the site?
X

w

U \% z
O, ~0O—0 O
_b Internal Y Finishes
Styerstructure Superstructure partitions

Electrician

Figure Q1: Construction plan for one house

Table Q1: Manhours and team size

Operation U \ W X Y Z
Manhours per house 120 290 250 40 30 220
Men per team 3 [9 4 3 2 5

(marks: 10+ 5+5)

Q2 (a) When choosing a contractor to execute a project, what factors are
examined whehn looking at:
(1) past performance; and
(i)  tender basis?
(b) List five items project costs can be divided into?
(marks: 10+ 10)



Q3

(a) What activities need to be performed by a planner before a construction
schedule can be prepared?
(b) Differentiate between a construction operation and a construction stage.

. (marks: 10 + 10)

Q4 A contractor has a US$47,700 contract for which the contract budget is shown in
Table Q4.1. Against each item of work is shown the value of that work
subdivided among the various cost headings such as labour, plant, etc.

Included in the cost heading ‘Site O/H’ are salaries of supervisors. At the end of
month 7, a progress check shows the following percentage completions: A, B, C,
D, E, F and G all 100%; H, 80%; I, 50%; J, 30%; K, 30%; L, 10%.
The cost allocations at the end of month 7 are shown in Table Q4.2
TableQ4.1
Cost Headings
Code Item Labour Labour | Plant Materials | Sub- Site O/H | Head Profit Total
Category contractors Office value
(USS$) O/H
(US$) | (US$) | (US$) (US$) | (USS) | (USS)
(US$)

A Stripsoil | 1 200 600 - - 200 200 400 1600

B Excavate | 1 600 | 1000 - - 400 400 500 2900

C Conc. 1 600 400 600 - 200 200 500 2500
Founds

D G.F.slabs | 1 1000 600 600 - 300 300 400 3200

E Cols.Gto | 1 400 400 400 . 200 200 300 1900
lsl

F 1 Stab 1 1200 800 800 - 300 300 400 3800

G Cols. "t0 | 1 500 600 400 - 300 300 300 2400

roof

H Roof 2 400 300 900 - 200 200 300 2300
structure

I Roof 3 300 300 500 - 200 200 300 1800
cladding

J Glazing 4 200 600 1000 1000 400 400 400 4000
and
cladding

K Services 1 200 - - 10 000 1000 [ 1000 100 | 12300

L Internal 5 3000 200 4000 - 800 800 200 9000
finishes

Totals $8600 |85 800 $9200 | $11000 | $4500 | $4500 | $4100 | $47700

TableQ4.2

Labour categories Plant Materials | Subcontractors Site Total
1 2 3 4 5 O/H site costs
$4800 | $370 | $200 $100 $600 $5000 | $4200 | $3 300 $2300 | $20870

(a) Draw up a table of variances;

(b) Calculate the percentage variance of the value completed and forecast the profit
for the complete project if present trends continue; and

(c) If you were the project manager, what advice would you give the site agent?

(marks: 10 +5 +5)
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Qs

Q6

(a) Identify and explain the different types of specifications.
(b) Give the names and explain the documents that make a complete

construction contract.

(©) What are the advantages for using Standard General Conditions of

Contract.

(marks: 8+ 8+4)

(a) Explain what direct and indirect losses arg in the context of a construction
Accident and itemise the various ourcewdirect losses that may result

from such an accident.

¢

(b) What purpose does insurance serve a contractor. State and explain the
various types insurance a construction contractor may use.

(marks: 10 +10)

Determine the direct cost per hour of owning and operating a 4 m? capacity
hydraulic backhoe excavator given the following data:

Initial cost

Resale value
Useful life

Interest on capital
Fuel consumption
Cost of fuel

Oil and grease
Repairs to machine
Operator

Insurance and tax
Average working hours per year

ENDS

$15 000
Negligible
10 years
15% p.a.
2 litres per hour
30 cents per litre
10% of fuel cost
10% of initial price p.a.
‘all in’ cost of $1.50 per hour
1.5% of initial price p.a.
2 000
(marks:20)



THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS — AUGUST 2003

L ]
CE 58] - CONSTRUCTION TECHNIQUES AND MANAGEMENT

INSTRUCTIONS

TIME: THREE (3) HOURS

ATTEMPT: FIVE (5) QUESTIONS FROM THE GIVEN SEVEN (7)

Q1 The construction plan for a house is shown in Figure Q1. Table Q1 gives the
manhours required and the team size for each operation.

Prepare a line of balance schedule for a contract of 30 houses using a target rate of
build of four houses per week with each team working at their natural rate.
Assume a minimum buffer time of five days between operations and five 8-hour
days per week.

What is the overall duration of the project and when will the first team of
bricklayers (superstructure operation) leave the site?

U v w
Plumber
OO0
b Internal Y

Sugeerstructure Superstructure partitions

Finishes

Electrician

Figure Q1: Construction plan for one house

Table Q1: Manhours and team size

Operation U \ w X Y z—
Manhours per house 120 290 250 40 30 220
Men per team 3 6 4 3 2 5

(marks: 10 + 5+ 5)

Q2 (a) When choosing a contractor to execute a project, what factors are
examined when looking at:
(1) past performance; and
(i)  tender basis?
(b) List five items project costs can be divided into?

Lqewd ladewr Qs‘.afmu (marks: 10 + 10)
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Q3

(a) What activities need to be performed by a planner before a,construction
schedule can be prepared? '

(b) Differentiate between a construction operation and a construction stage.

- (marks: 10 + 10)

Q4 A contractor has a US$47,700 contract for which the contract budget is shown in
Table Q4.1. Against each item of work is shown the value of that work
subdivided among the various cost headings such as labour, plant, etc.

Included in the cost heading ‘Site O/H’ are salaries of supervisors. At the end of
month 7, a progress check shows the following percentage completions: A, B, C,
D, E, F and G all 100%; H, 80%; I, 50%; J, 30%; K, 30%; L, 10%.
The cost allocations at the end of month 7 are shown in Table Q4.2
TableQ4.1
Cost Headings
Code Item Labour Labour | Plant Materials | Sub- Site O/H | Head Profit Total
Category contractors Office value
(USS$) O/H
USS) | (US$) | (US$) (US$) | (Uss) | (US$)
(USS$)

A Stripsoil | 1 200 600 - Z 200 200 400 1 600

B Excavate 1 600 1000 - - 400 400 500 2 900

C Cone. ] 600 400 600 - 200 200 500 2500
Founds

D G.F.slabs | 1 1000 600 600 - 300 300 400 3200

E Cols.Gto | 1 400 400 400 - 200 200 300 1900
lsl

F 1 Slab ] 1200 800 800 - 300 300 400 3800

G Cois. 1510 | 1 500 600 400 - 300 300 300 2400
roof

H Roof 2 400 300 900 - 200 200 300 2300
structure

] Roof 3 300 300 500 - 200 200 300 1800
cladding

J Glazing 4 200 600 1000 1000 400 400 400 4000
and
cladding

K Services 1 200 - - 10 000 1000 [ 1000 100 | 12300

L Internal 5 3000 200 4000 - 800 800 200 9000
finishes

Totals $8600 | 85800 $9200 | $11000 | $4500 | $4500 | $4100 | $47700

TableQ4.2

Labour categories Plant Materials { Subcontractors Site Total
1 2 3 4 S O/H site costs
$4800 | $370 | $200 $100 $600 $5000 | 84200 | $3 300 $2300 | $20870

(a) Draw up a table of variances;

(b)  Calculate the percentage variance of the value completed and forecast the profit
for the complete project if present trends continue; and

(c) If you were the project manager, what advice would you give the site agent?

(marks: 10 + 5 +5)




Q5

Q6

(a)
(b)

(©)

(2)

(b)

Identify and explain the different types of specifications.
Give the names and explain the documents that make a complete
construction contract.
What are the advantages for using Standagl General Conditions of
Contract.

(marks: 8 +8+4)

Explain what direct and indirect losses arg in the context of a construction
Accident and itemise the various sources 'bndirect losses that may result
from such an accident. N
What purpose does insurance serve a contractor. State and explain the
various types insurance a construction contractor may use.

(marks: 10 + 10)

Determine the direct cost per hour of owning and operating a 3/4 m® capacity
hydraulic backhoe excavator given the following data:

Initial cost $15 000

Resale value Negligible

Useful life 10 years

Interest on capital 15%p.a.

Fuel consumption 2 litres per hour

Cost of fuel 30 cents per litre

Oil and grease 10% of fuel cost
Repairs to machine 10% of initial price p.a.
Operator * ‘allin’ cost of $1.50 per hour
Insurance and tax 1.5% of initial price p.a.
Average working hours per year 2 000

(marks:20)

ENDS



THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS — AUGUST 2003

»
CE 58} - CONSTRUCTION TECHNIQUES AND MANAGEMENT

INSTRUCTIONS

TIME: THREE (3) HOURS

ATTEMPT: FIVE (5) QUESTIONS FROM THE GIVEN SEVEN (7)

1

Q1 The construction plan for a house is shown in Figure Q1. Table Q1 gives the
manhours required and the team size for each operation.

Prepare a line of balance schedule for a contract of 30 houses using a target rate of
build of four houses per week with each team working at their natural rate.
Assume a minimum buffer time of five days between operations and five 8-hour
days per week.

What is the overall duration of the project and when will the first team of
bricklayers (superstructure operation) leave the site?
X

U \Y% w ¥4
: : Plumber
b Internal Y

Finishes
Suﬁrstructure Superstructure partitions

Electrician

Figure Q1: Construction plan for one house

Table Q1: Manhours and team size

Operation U Vv W X Y Z
Manhours per house 120 290 250 40 30 220
Men per team 3 6 4 3 2 5

(marks: 10 +5+5)

Q2 (3 When choosing a contractor to execute a project, what factors are
examined when looking at:
(1) past performance; and
(i)  tender basis?
(b) List five items project costs can be divided into?
(marks: 10 +10)



Q3

(a) What activities need to be performed by a planner before a construction
schedule can be prepared?
(b) Differentiate between a construction operation and a construction stage.

- (marks: 10 + 10)

Q4 A contractor has a US$47,700 contract for which the contract budget is shown in
Table Q4.1. Against each item of work is shown the value of that work
subdivided among the various cost headings such as labour, plant, etc.

Included in the cost heading ‘Site O/H’ are salaries of supervisors. At the end of
month 7, a progress check shows the following percentage completions: A, B, C,
D, E, F and G all 100%; H, 80%; I, 50%,; J, 30%; K, 30%; L, 10%.
The cost allocations at the end of month 7 are shown in Table Q4.2
TableQ4.1
Cost Headings
Code Item Labour Labour | Plant Materials | Sub- Site O/H | Head Profit Total
Category contractors Office value
(USS$) OH
(US$) | (USS) | (Us$) Uss$) | uss) | (uss)
(USS$)

A Stripsoil | 1 200 600 - - 200 200 400 1600

B Excavate | | 600 | 1000 - - 400 400 500 2900

C Conc. 1 600 400 600 - 200 200 500 2500
Founds

D G.F.slabs | 1 1000 600 600 - 300 300 400 3200

E Cols.Gto | 1 400 400 400 - 200 200 300 1900
lsl

F 1% Sfab i 1200 800 800 - 300 300 400 3800

G Cols. "t | 1 500 600 400 - 300 300 300 2400
roof

H Roof 2 400 300 900 - 200 200 300 2300
structure

I Roof 3 300 300 500 - 200 200 300 1800
cladding

7 Glazing 4 200 600 1000 1000 400 400 400 4000
and
cladding

K Services 1 200 - - 10 000 1000 [ 1000 100 | 12300

L Internal 5 3000 200 4000 - 800 800 200 9000
finishes

Totals $8600 | 5800 $9200 | 11000 | $4500 | $4500 | $4100 | $47 700

TableQ4.2

Labour categories Plant Materials | Subcontractors | Site Total
1 2 3 4 5 O/H site costs
$4800 | $370 | $200 $100 $600 $5000 | $4200 | $3300 $2300 | $20870

(a) Draw up a table of variances;

(b)  Calculate the percentage variance of the value completed and forecast the profit
for the complete project if present trends continue; and

(c) If you were the project manager, what advice would you give the site agent?

(marks: 10 + 5 +5)
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Q5

Q6

(a) Identify and explain the different types of specifications.
(b) Give the names and explain the documents that make a complete

construction contract.

(c) What are the advantages for using StandardeGeneral Conditions of

Contract.

(marks: 8 +8+4)

(a) Explain what direct and indirect losses are in the context of a construction
Accident and itemise the various sourcei}'pdirect losses that may result

from such an accident.

(b) What purpose does insurance serve a contractor. State and explain the
various types insurance a construction contractor may use.

(marks: 10 + 10)

Determine the direct cost per hour of owning and operating a */;, m® capacity
hydraulic backhoe excavator given the following data:

Initial cost

Resale value
Useful life

Interest on capital
Fuel consumption
Cost of fuel

Oil and grease
Repairs to machine
Operator

Insurance and tax
Average working hours per year

ENDS

$15 000
Negligible
10 years
15%p.a,
2 litres per hour
30 cents per litre
10% of fuel cost
10% of initial price p.a.
‘all in’ cost of $1.50.per hour
1.5% of initial price p.a.
2000 -
(marks:20)
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S
CE 583 — CONSTRUCTION TECHNIQUES AND MANAGEMENT

INSTRUCTIONS

TIME: THREE (3) HOURS

ATTEMPT: FIVE (5) QUESTIONS FROM THE GIVEN SEVEN (7)

Q1 The construction plan for a house is shown in Figure Q1. Table Q1 gives the
manhours required and the team size for each operation.

Prepare a line of balance schedule for a contract of 30 houses using a target rate of
build of four houses per week with each team working at their natural rate.
Assume a minimum buffer time of five days between operations and five 8-hour
days per week.

What is the overall duration of the project and when will the first team of
bricklayers (superstructure operation) leave the site? ‘
X

0] \% w z
Plumber
b Internal Y Finishes
Slyerstructure Superstructure partitions

Electrician

Figure Q1: Construction plan for one house

Table Q1: Manhours and team size

Operation U v W X Y Z
Manhours per house 120 290 250 40 30 220
Men per team 3 6 4 3 2 S

(marks: 10+ 5+ 5)

Q2 (3 When choosing a contractor to execute a project, what factors are
examined when looking at:
(1) past performance; and
(i)  tender basis?
(b) List five items project costs can be divided into?
(marks: 10+ 10)



Q3

(a) What activities need to be performed by a planner before a construction
schedule can be prepared?
(b) Differentiate between a construction operation and a construction stage.

- (marks: 10 + 10)

Q4 A contractor has a US$47,700 contract for which the contract budget is shown in
Table Q4.1. Against each item of work is shown the value of that work
subdivided among the various cost headings such as labour, plant, etc.

Included in the cost heading ‘Site O/H’ are salaries of supervisors. At the end of
month 7, a progress check shows the following percentage completions: A, B, C,
D, E, F and G all 100%; H, 80%; I, 50%; J, 30%; K, 30%; L, 10%.
The cost allocations at the end of month 7 are shown in Table Q4.2
TableQ4.1
Cost Headings
Code Item Labour Labour | Plant Materials Sub- Site O/H | Head Profit Total
Category contractors Office value
(USS$) O/H
(US$) | (US$) | (USS$) (USS) | USS) | (USS)
(USS$)

A Stripsoil | 1 200 600 - - 200 200 400 1600

B Excavate 1 600 1000 - - 400 400 500 2900

C Conc. 1 600 400 600 - 200 200 500 2500
Founds

D G.F.slabs | 1 1000 600 600 - 300 300 400 3200

E Cols.Gto | 1 400 400 400 - 200 200 300 1900
15(

F 1% Slab 1 1200 800 800 - 300 300 400 3800

G Cols. "to | 1 500 600 400 - 300 300 300 2400
roof

H Roof 2 400 300 900 - 200 200 300 2300
structure

1 Roof 3 300 300 500 - 200 200 300 1800
cladding

J Glazing 4 200 600 1000 1000 400 400 400 4000
and
cladding

K Services 1 200 - - 10 000 1000 | 1000 100 | 12300

L Internal 5 3000 200 4000 - 800 800 200 9000
finishes

Totals $8600 | $5 800 $9200 | $11000 | $4500 | $4500 | $4100 | $47 700

TableQ4.2

Labour categories Plant Materials | Subcontractors Site Total
1 2 3 4 5 O/H site costs
$4800 | $370 | $200 $100 $600 $5000 | $4200 | $3 300 $2300 | $20870

(a) Draw up a table of variances;

(b)  Calculate the percentage variance of the value completed and forecast the profit
for the complete project if present trends continue; and

(c) If you were the project manager, what advice would you give the site agent?

(marks: 10 + 5 +5)
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Q5

Q6

(2)
(b)

(©)

(2)

(b)

Identify and explain the different types of specifications.
Give the names and explain the documents that make a complete
construction contract.
What are the advantages for using Standard General Conditions of
Contract.

(marks: 8+ 8 +4)

Explain what direct and indirect losses are in the context of a construction
Accident and itemise the various sources indirect losses that may result
from such an accident. ‘
What purpose does insurance serve a contractor. State and explain the
various types insurance a construction contractor may use.

(marks: 10 + 10)

Determine the direct cost per hour of owning and operating a 3/, m® capacity
hydraulic backhoe excavator given the following data:

Initial cost $15 000

Resale value Negligible

Useful life 10 years

Interest on capital 15%p.a.

Fuel consumption 2 litres per hour

Cost of fuel 30 cents per litre

Oil and grease 10% of fuel cost
Repairs to machine 10% of initial price p.a.
Operator ‘all in’ cost of $1.50 per hour
Insurance and tax 1.5% of initial price p.a.
Average working hours per year 2 000

(marks:20)

ENDS
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UNIVERSITY EXAMINATIONS — AUGUST 2003

»
CE 58* — CONSTRUCTION TECHNIQUES AND MANAGEMENT

INSTRUCTIONS

TIME: THREE (3) HOURS

ATTEMPT: FIVE (5) QUESTIONS FROM THE GIVEN SEVEN (7)

Q1 The construction plan for a house is shown in Figure Q1. Table Q1 gives the
manhours required and the team size for each operation. '

Prepare a line of balance schedule for a contract of 30 houses using a target rate of
build of four houses per week with each team working at their natural rate.
Assume a minimum buffer time of five days between operations and five 8-hour
days per week.

What is the overall duration of the project and when will the first team of
bricklayers (superstructure operation) leave the site?

X
U v w Z
Plumber
O OO
b Internal Y Finishes
Sugferstructure Superstructure

partitions

Electrician

Figure Q1: Construction plan for one house

Table Q1: Manhours and team size

Operation U N W X Y Y4
Manhours per house 1200 290 250 40 30 220
Men per team 3 6 4 3 2 5

(marks: 10 + 5+ 5)

Q2 (a) When choosing a contractor to execute a project, what factors are
examined when looking at:
(1) past performance; and
(i)  tender basis?
(b)  List five items project costs can be divided into?
(marks: 10+ 10)



Q3

(a) What activities need to be performed by a planner before a construction
schedule can be prepared?
(b) Differentiate between a construction operation and a construction stage.

- (marks: 10 + 10)

Q4 A contractor has a US$47,700 contract for which the contract budget is shown in
Table Q4.1. Against each item of work is shown the value of that work
subdivided among the various cost headings such as labour, plant, etc.

Included in the cost heading ‘Site O/H’ are salaries of supervisors. At the end of
month 7, a progress check shows the following percentage completions: A, B, C,
D, E, F and G all 100%; H, 80%; 1, 50%, J, 30%; K, 30%; L, 10%.
The cost allocations at the end of month 7 are shown in Table Q4.2
TableQ4.1
Cost Headings
Code Item Labour Labour | Plant Materials | Sub- Site O/H | Head Profit Total
Category contractors Office value
(USS$) O/H
(uUss) | (Us$) | (Us$) Uss) | Uss) | (us$)
(US$)

A Stripsoil | 1 200 600 - - 200 200 400 1600

B Excavate | 1 600 | 1000 - - 400 400 500 2 900

C Conc. 1 600 400 600 - 200 200 500 2500
Founds

D G.F.slabs | 1 1000 600 600 - 300 300 400 3200

E Cols.Gto | 1 400 400 400 - 200 200 300 1900
lsl

F 1% Slab 1 1200 800 800 - 300 300 400 3800

G Cols. 1"t | 1 500 600 400 - 300 300 300 2400

roof

H Roof 2 400 300 900 - 200 200 300 2300
structure

I Roof 3 300 300 500 - 200 200 300 1800
cladding

J Glazing 4 200 600 1000 1000 400 400 400 4000
and

cladding

K Services 1 200 - - 10 000 1000 | 1000 100 | 12300

L Internal 5 3000 200 4000 - 800 800 200 9000
finishes

Totals $8600 | $5 800 $9200 | 11000 | $4500 | $4500 | $4100 | $47700

TableQ4.2

Labour categories Plant Materials | Subcontractors Site Total
1 2 3 4 5 O/H site costs
$4800 | $370 | $200 $100 $600 $5000 | $4200 | $3300 $2300 | $20870

(a) Draw up a table of variances;

(b)  Calculate the percentage variance of the value completed and forecast the profit
for the complete project if present trends continue; and

(c) If you were the project manager, what advice would you give the site agent?

(marks: 10 + 5 +5)




Q5

Q6

(a) Identify and explain the different types of specifications.
(b) Give the names and explain the documents that make a complete

construction contract.

(c) What are the advantages for using StandardsGeneral Conditions of

Contract.

(marks: 8+ 8 +4)

(a) Explain what direct and indirect losses are in the context of a construction
Accident and itemise the various sourcesendirect losses that may result
o

from such an accident.

F

(b) What purpose does insurance serve a contractor. State and explain the
various types insurance a construction contractor may use.

(marks: 10 + 10)

Determine the direct cost per hour of owning and operating a 3/4 m® capacity
hydraulic backhoe excavator given the following data:

Initial cost

Resale value
Useful life

Interest on capital
Fuel consumption
Cost of fuel

Oil and grease
Repairs to machine
Operator

Insurance and tax
Average working hours per year

ENDS

$15 000
Negligible
10 years
15% p.a.
2 litres per hour
30 cents per litre
10% of fuel cost
10% of initial price p.a.
‘all in’ cost of $1.50 per hour
1.5% of initial price p.a.
2 000
(marks:20)
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UNIVERSITY EXAMINATIONS - AUGUST 2003

»
CE 5&‘ — CONSTRUCTION TECHNIQUES AND MANAGEMENT

INSTRUCTIONS

TIME: THREE (3) HOURS

ATTEMPT: FIVE (5) QUESTIONS FROM THE GIVEN SEVEN (7)

[N

Q1 The construction plan for a house is shown in Figure Q1. Table Q1 gives the
manhours required and the team size for each operation.

Prepare a line of balance schedule for a contract of 30 houses using a target rate of
build of four houses per week with each team working at their natural rate.
Assume a minimum buffer time of five days between operations and five 8-hour
days per week.

What is the overall duration of the project and when will the first team of
bricklayers (superstructure operation) leave the site? ‘
X

w Z

u A
Plumber
b Internal Y Finishes
Superstructure Superstructure partitions

Electrician

Figu-fe Q1: Construction plan for one house

Table Q1: Manhours and team size

Operation U v A\ X Y Z
Manhours per house 120 290 250 40 30 220
Men per team 3 6 4 3 2 5

(marks: 10 +5 +5)

Q2 (a) When choosing a contractor to execute a project, what factors are
examined when looking at:
(1) past performance; and
(ii)  tender basis?
(b)  List five items project costs can be divided into?
(marks: 10+ 10)



Q3

(a) What activities need to be performed by a planner before a construction
schedule can be prepared?
(b) Differentiate between a construction operation and a construction stage.

- (marks: 10 + 10)

Q4 A contractor has a US$47,700 contract for which the contract budget is shown in
Table Q4.1. Against each item of work is shown the value of that work
subdivided among the various cost headings such as labour, plant, etc.

Included in the cost heading ‘Site O/H’ are salaries of supervisors. At the end of
month 7, a progress check shows the following percentage completions: A, B, C,
D, E, F and G all 100%; H, 80%; 1, 50%; J, 30%; K, 30%; L, 10%.
The cost allocations at the end of month 7 are shown in Table Q4.2
TableQ4.1
Cost Headings
Code Item Labour Labour | Plant Materials | Sub- Site O/H | Head Profit Total
Category contractors Office value
(US$) O/H
(US$) | (US$) | (USS) (USS) | (USS) | (US$)
(US$)

A Stripsoil | 1 200 600 - . 200 200 400 1600

B Excavate | 1 600 | 1000 - - 400 300 500 2900

C Conc. 1 600 400 600 - 200 200 500 2500
Founds

D G.F.slabs | 1 1000 600 600 - 300 300 400 3200

E Cols.Gto | 1 400 400 400 - 200 200 300 1900
1Sl

F 1¥ Slab I 1200 800 800 - 300 300 400 3800

G Cols. 1"to | 1 500 600 400 - 300 300 300 2400
roof

H Roof 2 400 300 900 - 200 200 300 2300
structure

I Roof 3 300 300 500 - 200 200 300 1800
cladding

J Glazing 4 200 600 1000 1000 400 400 400 4000
and
cladding

K Services 1 200 - - 10 000 1000 | 1000 100 | 12300

L Internal 5 3000 200 4000 - 800 800 200 9000
finishes

Totals $8600 | $5 800 $9200 | $11000 | $4500 | $4500 | $4100 | $47700

TableQ4.2

Labour categories Plant Materials | Subcontractors | Site Total
1 2 3 4 5 O/H site costs
$4800 | $370 | $200 $100 $600 $5000 | $4200 | $3300 $2300 | $20870

(a) Draw up a table of variances;

(b)  Calculate the percentage variance of the value completed and forecast the profit
for the complete project if present trends continue; and

(c) If you were the project manager, what advice would you give the site agent?

(marks: 10 + 5 +5)
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Q5

Q6

(a)
(b)

(©

(a)

(b)

Identify and explain the different types of specifications.
Give the names and explain the documents that make a complete
construction contract.
What are the advantages for using Standard {General Conditions of
Contract.

(marks: 8+ 8 +4)

Explain what direct and indirect losses are in the %oﬁtext of a construction
Accident and itemise the various sources indirecwsses that may result
. ~N
from such an accident. ol
What purpose does insurance serve a contractor. State and explain the
various types insurance a construction contractor may use.
(marks: 10 + 10)

Determine the direct cost per hour of owning and operating a 3/, m® capacity
hydraulic backhoe excavator given the following data:

Initial cost $15 000

Resale value Negligible

Useful life 10 years

Interest on capital 15% p.a.

Fuel consumption 2 litres per hour

Cost of fuel 30 cents per litre

Oil and grease 10% of fuel cost
Repairs to machine 10% of initial price p.a.
Operator ‘all in’ cost of $1.50 per hour
Insurance and tax 1.5% of initial price p.a.
Average working hours per year 2 000

(marks:20)

ENDS
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SEMESTER I
EE209
PRINCIPLES OF ELECTRICITY
Time: Three hours ~ Answer ALL questions Total marks: 100

1. (a) What is voltage? [2 marks]

(b) What is current? [1 mark ]

(c) What is power? [2 marks]
(d) What is the time-change or time-rate of change relationship of voltage and

current for a resistor, an inductor and a capacitor? [3 marks]
(e) What is the peak inverse voltage for a center-tap and bridge full wave

rectifier? [2 marks]

2. (a) State the three operating modes of transistor switching circuits. [3 marks]
(b) What is the significance of the Alpha (DC) and the Beta(DC) of a transistor?
{4 marks]
(c) What is the normal biasing configuration of the diode junctions in a transistor?
[4 marks]
(d) Under small ac signals what is the behaviour of a forward biased diode
junction? [2 marks]
(e) If the unregulated supply varies from 12 to 16 volts and the load varies from
100 ohm to 5 thousand ohms. What is the maximum value of the series
current limiting resistor if the zener regulator voltage is 6.2 volts? [2 marks]

3. In the circuit of Figure Q3. find: Vi

(a) nodal analysis: what is (i) V1; (1i)V2; and (ii1) Vg? [10 marks]
(b) mesh analysis: whatis (i) I;; (i) Iz; (i) I5; and Vx ? [10 marks]
(c) Thevenin’s theorem: what is (i) V(i) Rmn; (i) Vi ? [5 marks]

(d) Nortons theorem: what is (i) In; (ii) Ry; (iii) Ix; and (iv) Vx?  [5 marks]

4. A 1000 [v] secondary transformer feeds a lighting load of 100 € first, from a

60Hz supply and second from a SOHz supply.

(a) Find the instantaneous voltage and current at exactly 6P.M. plus 9.5347
seconds for (i) 60Hz and 50Hz supply frequency. [2 marks]

(b) Write the instantaneous expression of the voltage waveform for (i) 60Hz and
(i) S0Hz supply frequency, if the voltage wave is zero and going negative at
6 PM. [4 marks]

(c) Find how many cycles have occurred since 6 P.M. to 9.5347 seconds for )
60Hz and (ii) SOHz supply frequency. [,12?_ marks]



5. Consider Figure Q5.

(a) Find I4£0« by Thevenin’s theorem. - [3 marks]
(b) What is ix(t) if the supply sinusoid is a cosine wave with a SOHz frequency.
[3 marks]
(c) What is (i) Vmmand (ii) Zn [6 marks]
(d) For maximum power transfer what should the inductive impedance load be?
[3 marks]
6. (a) What are the two energy storage elements that give rise to first-order
transients. [2 marks]
(b) Give two expressions and their corresponding functions of time for:
)] Decreasing decay function [3 marks]
(11) Increasing decay function [3 marks]
(c) For the energy storage elements in (a); what are the expressions of their time
constants. [2 marks]

7. (a) Using a three channel sketch show how the channels carrying Morse code can

be combined by:

@) Space- division multiplexing [2 marks]

(i)  Time- division multiplexing [2 marks]

(i)  Frequency- division multiplexing [2 marks]
(b) What does amplitude modulation involve? [2 marks]
(c) What does frequency modulation involve? [2 marks]

FIGURE Q5
4Q
vl
10V4rngs0° -j5Q +3Q

FIGURE Q3 | Vi |+ V:t.“'l V2 |

VO
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SEMESTER1
EE209
PRINCIPLES OF ELECTRICITY
Time: Three hours ~ Answer ALL questions Total marks: 100
1. (a) What is voltage? [2 marks]
(b) What is current? [1 mark ]
(c) What is power? [2 marks]
(d) What is the time-change or time-rate of change relationship of voltage and
current for a resistor, an inductor and a capacitor? [3 marks]
(e) What is the peak inverse voltage for a center-tap and bridge full wave
rectifier? [2 marks]

2. (a) State the three operating modes of transistor switching circuits. [3 marks]
(b) What is the significance of the Alpha (DC) and the Beta(DC) of a transistor?
[4 marks]
(c) What is the normal biasing configuration of the diode junctions in a transistor?
[4 marks]
(d) Under small ac signals what is the behaviour of a forward biased diode
junction? [2 marks]
(e) If the unregulated supply varies from 12 to 16 volts and the load varies from
100 ohm to 5 thousand ohms. What is the maximum value of the series
current limiting resistor if the zener regulator voltage is 6.2 volts? [2 marks]

3. In the circuit of Figure Q3. find: V

(a) nodal analysis: what is (i) Vi; (i1)V2; and (ii1) Va? [10 marks]
(b) mesh analysis: whatis (i) I;; (i) ; (i) Iz; and V4 ? [10 marks]
(c) Thevenin’s theorem: what is (i) Vrm;(ii) R, (iii) Vi ? [5 marks]

(d) Nortons theorem: what is (i) In; (ii) Ry; (iii) I; and (iv) Vx?  [5 marks]

4. A 1000 [v] secondary transformer feeds a lighting load of 100 Q: first, from a

60Hz supply and second from a S0Hz supply.

(a) Find the instantaneous voltage and current at exactly 6P.M. plus 9.5347
seconds for (i) 60Hz and SOHz supply frequency. [2 marks]

(b) Write the instantaneous expression of the voltage waveform for (i) 60Hz and
(ii) SOHz supply frequency, if the voltage wave is zero and going negative at
6 PM. [4 marks]

(c) Find how many cycles have occurred since 6 P.M. to 9.5347 seconds for (i)
60Hz and (ii) SOHz supply frequency. [],?;marks]



5. Consider Figure Q5.

(a) Find I4£64 by Thevenin’s theorem. . [3 marks]
(b) What is ix(t) if the supply sinusoid is a cosine wave with a SO0Hz frequency.
[3 marks]
(c) What is (i) Vmand (i1) Zm, ‘ [6 marks]
(d) For maximum power transfer what should the inductive impedance load be?
[3 marks]
6. (a) What are the two energy storage elements that give rise to first-order
transients. [2 marks]
(b) Give two expressions and their corresponding functions of time for:
@) Decreasing decay function [3 marks]
(i1) Increasing decay function [3 marks]
(c) For the energy storage elements in (a); what are the expressions of their time
constants. [2 marks]

7. (a) Using a three channel sketch show how the channels carrying Morse code can
be combined by:

(1) Space- division multiplexing [2 marks]
(i)  Time- division multiplexing [2 marks]
(iii)  Frequency- division multiplexing [2 marks]
(b) What does amplitude modulation involve? [2 marks]
(©) What does frequency modulation involve? [2 marks]
FIGURE Q5
4Q
vl
10.£20° -35Q +3Q

FIGURE Q3 [vi |+ Voe=[v2 |

1Q I
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2Q ﬁ’A\ 13 a
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END EE 209 FINAL EXAMINATION
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PRINCIPLES OF ELECTRICITY
Time: Three hours ~ Answer ALL questions Total marks: 100
1. (a) What is voltage? [2 marks]
(b) What is current? [1 mark ]
(c) What is power? [2 marks]
(d) What is the time-change or time-rate of change relationship of voltage and
current for a resistor, an inductor and a capacitor? [3 marks]
(e) What is the peak inverse voltage for a center-tap and bridge full wave
rectifier? [2 marks]
2. (a) State the three operating modes of transistor switching circuits. [3 marks]

3.

(b) What is the significance of the Alpha (DC) and the Beta(DC) of a transistor?
[4 marks]
(c) What is the normal biasing configuration of the diode junctions in a transistor?
[4 marks]
(d) Under small ac signals what is the behaviour of a forward biased diode
junction? [2 marks]
(e) If the unregulated supply varies from 12 to 16 volts and the load varies from
100 ohm to S thousand ohms. What is the maximum value of the series
current limiting resistor if the zener regulator voltage is 6.2 volts? [2 marks]

In the circuit of Figure Q3. find: Vi .

(a) nodal analysis: what is (i) Vy; (i) V2 ; and (iii) Vg? [10 marks]
(b) mesh analysis: whatis (i) I;; (i) Iz ; (iii) Iy ; and Vi ? [10 marks]
(c) Thevenin’s theorem: what is (i) Vn;(ii) Rmn; (i) Vi ? [5 marks]

(d) Nortons theorem: what is (i) In; (ii) Ry; (iii) Iy; and (iv) Vx?  [S marks]

A 1000 [v] secondary transformer feeds a lighting load of 100 Q: first, from a

60Hz supply and second from a SOHz supply.

(a) Find the instantaneous voltage and current at exactly 6P.M. plus 9.5347
seconds for (i) 60Hz and 50Hz supply frequency. [2 marks]

(b) Write the instantaneous expression of the voltage waveform for (i) 60Hz and
(ii) SOHz supply frequency, if the voltage wave is zero and going negative at
6 PM. [4 marks]

(c) Find how many cycles have occurred since 6 P.M. to 9.5347 seconds for (i)
60Hz and (ii) SOHz supply frequency. [«I-LC:—’ marks]



5. Consider Figure QS.

(a) Find I;£84 by Thevenin’s theorem. - [3 marks]
(b) What is ix(t) if the supply sinusoid is a cosine wave with a 50Hz frequency.
[3 marks]
(c) What is (i) Vmand (ii) Zm [6 marks]
(d) For maximum power transfer what should the inductive impedance load be?
[3 marks]
6. (a) What are the two energy storage elements that give rise to first-order
transients. [2 marks]
(b) Give two expressions and their corresponding functions of time for:
) Decreasing decay function [3 marks]
(i1) Increasing decay function [3 marks]
(c) For the energy storage elements in (a); what are the expressions of their time
constants. [2 marks]

7. (a) Using a three channel sketch show how the channels carrying Morse code can
be combined by:

® Space- division multiplexing [2 marks]
(ii)  Time- division multiplexing [2 marks]
(iii)  Frequency- division multiplexing [2 marks]
(b)  What does amplitude modulation involve? [2 marks]
(c)  What does frequency modulation involve? [2 marks]
FIGURE Q5
4Q
i[5
10£20° -j50 +H3Q
Vrms

FIGURE Q3 |V1 |+V9c-|v2 l
|

Vo
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PRINCIPLES OF ELECTRICITY
Time: Three hours ~ Answer ALL questions Total marks: 100

1. (a) What is voltage? [2 marks]

(b) What is current? [1 mark ]

(c) What is power? [2 marks]
(d) What is the time-change or time-rate of change relationship of voltage and

current for a resistor, an inductor and a capacitor? [3 marks]
(¢) What is the peak inverse voltage for a center-tap and bridge full wave

rectifier? [2 marks]

2. (a) State the three operating modes of transistor switching circuits. [3 marks]
(b) What is the significance of the Alpha (DC) and the Beta(DC) of a transistor?
{4 marks]
(c) What is the normal biasing configuration of the diode junctions in a transistor?
[4 marks]
(d) Under small ac signals what is the behaviour of a forward biased diode
junction? [2 marks]
(e) If the unregulated supply varies from 12 to 16 volts and the load varies from
100 ohm to 5 thousand ohms. What is the maximum value of the series
current limiting resistor if the zener regulator voltage is 6.2 volts? [2 marks]

3. In the circuit of Figure Q3. find: Vy

(a) nodal analysis: what is (i) Vi; (ii)V2; and (ii1) Vg [10 marks]
(b) mesh analysis: whatis () I; (ii))Iz; (i) Is ; and Vx? [10 marks]
(c) Thevenin’s theorem: what is (i) Vy;(ii) Rm; (i) Vx ? [S marks]

(d) Nortons theorem: what is (i) In; (ii) Ry; (iii) I; and (iv) Vx?  [5 marks]

4. A 1000 [v] secondary transformer feeds a lighting load of 100 Q: first, from a

60Hz supply and second from a SOHz supply.

(a) Find the instantaneous voltage and current at exactly 6P.M. plus 9.5347
seconds for (i) 60Hz and 50Hz supply frequency. [2 marks]

(b) Write the instantaneous expression of the voltage waveform for (i) 60Hz and
(i) 50Hz supply frequency, if the voltage wave is zero and going negative at
6 PM. [4 marks]

(c) Find how many cycles have occurred since 6 P.M. to 9.5347 seconds for (i)
60Hz and (ii) SOHz supply frequency. [}Z marks]



5. Consider Figure Q5.

(a) Find 1,20, by Thevenin’s theorem. - [3 marks]
(b) What is ix(t) if the supply sinusoid is a cosine wave with a 50Hz frequency.
[3 marks]
(c) What is (i) Vmand (ii) Zm ) [6 marks]
(d) For maximum power transfer what should the inductive impedance load be?
[3 marks]
6. (a) What are the two energy storage elements that give rise to first-order
transients. [2 marks]
(b) Give two expressions and their corresponding functions of time for:
® Decreasing decay function [3 marks]
(1) Increasing decay function [3 marks]
(c) For the energy storage elements in (a); what are the expressions of their time
constants. [2 marks]

7. (a) Using a three channel sketch show how the channels carrying Morse code can

be combined by:

() Space- division multiplexing [2 marks]

(i)  Time- division multiplexing [2 marks]

(ili)  Frequency- division multiplexing [2 marks]
(b)  What does amplitude modulation involve? [2 marks]
(c)  What does frequency modulation involve? [2 marks]

FIGURE Q5
4Q
vl
10£20° -§5Q +3Q

FIGURE Q3 [vi ]+ V- [v2 ]
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Time: Three hours  Answer ALL questions Total marks: 100
1. (a) What is voltage? [2 marks]
(b) What is current? [1 mark ]
(c) What is power? [2 marks]
(d) What is the time-change or time-rate of change relationship of voltage and
current for a resistor, an inductor and a capacitor? [3 marks]
(e) What is the peak inverse voltage for a center-tap and bridge full wave
rectifier? [2 marks]
2. (a) State the three operating modes of transistor switching circuits. [3 marks]

3.

(b) What is the significance of the Alpha (DC) and the Beta(DC) of a transistor?
[4 marks]
(c) What is the normal biasing configuration of the diode junctions in a transistor?
[4 marks]
(d) Under small ac signals what is the behaviour of a forward biased diode
junction? {2 marks]
(e) If the unregulated supply varies from 12 to 16 volts and the load varies from
100 ohm to 5 thousand ohms. What is the maximum value of the series
current limiting resistor if the zener regulator voltage is 6.2 volts? [2 marks]

In the circuit of Figure Q3. find: V

(a) nodal analysis: what is (i) Vy; (ii)Vz; and (iii) Vi [10 marks]
(b) mesh analysis: whatis (i) I;; (ii)I; (i) I3 ;and V¢ ? [10 marks]
(c) Thevenin’s theorem: what is (i) V(i) Ry (iii) Vi ? [5 marks]

(d) Nortons theorem: what is (i) In; (ii) Ry; (iii) I; and (iv) Vx?  [5 marks]

A 1000 [v] secondary transformer feeds a lighting load of 100 Q: first, from a

60Hz supply and second from a 50Hz supply.

(a) Find the instantaneous voltage and current at exactly 6P.M. plus 9.5347
seconds for (i) 60Hz and SOHz supply frequency. [2 marks]

(b) Write the instantaneous expression of the voltage waveform for (i) 60Hz and
(ii) 50Hz supply frequency, if the voltage wave is zero and going negative at
6 PM. [4 marks]

(c) Find how many cycles have occurred since 6 P.M. to 9.5347 seconds for (i)
60Hz and (ii) SOHz supply frequency. 4 [ marks]



5. Consider Figure Q5.

(a) Find 1,464 by Thevenin’s theorem. - [3 marks]
(b) What is ix(t) if the supply sinusoid is a cosine wave with a 50Hz frequency.
[3 marks]
(c) Whatis (i) Vmand (ii) Zm, “ [6 marks]
(d) For maximum power transfer what should the inductive impedance load be?
[3 marks]
6. (a) What are the two energy storage elements that give rise to first-order
transients. [2 marks]
(b) Give two expressions and their corresponding functions of time for:
) Decreasing decay function [3 marks]
(i) Increasing decay function [3 marks]
(c) For the energy storage elements in (a); what are the expressions of their time
constants. [2 marks]

7. (a) Using a three channel sketch show how the channels carrying Morse code can
be combined by:

) Space- division multiplexing [2 marks]
(i)  Time- division multiplexing [2 marks]
(iii)  Frequency- division multiplexing [2 marks]
(b) What does amplitude modulation involve? [2 marks]
(©) What does frequency modulation involve? [2 marks]
FIGURE Q5
4Q)
vl
10.£20° -35Q +3Q

FIGURE Q3 (v 14 Vo [v2 ]
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TIME : 3 HOURS
ANSWER : FIVE QUESTIONS
TOTAL MARKS : 100
Qi
a) From the given pole zero diagram in figure 1, plot roughly the amplitude

and phase response giving explanations for your plots.
Jw
x 71.109
71.015

o
-;1.015
x

-;j1.109

fig.1.a.

b) If now we have azero at z = o+ jw, and apole at p = o * jw, where is

o very small compared to ; . Draw the amplitude and phase responses.



Q2

c)

b)

For the given pole zero configuration for a system function H(s). Using
any method you please find the undamped frequency w, and the

bandwidth B, and the Q.

Jw

— _ 7100
|

!

I

i

|

I

I

|

-—5: 0O o

I

!

!

i

!

I

¥ |- —j100
fig.1.b.

The general expression of cisoidal signals is S(t) = Ae™ .

Where s = 0 + jw is the complex frequency variable. Discuss and plot
the different forms of the signal given all condition of the complex
frequency s.

If the system function of a network is given as
1
(s+2)(s+3)

and if the excitation is

E(s)=>
A

H(s) =

Find the response Ry . Express your answer in time domain.



Q3

a) Given the half sinusoidal waveform shown in fig. 3.
Using Fourier series determine the coefficients a,,a, and by
.

. 4 > 1 (s)

04 -0z 0.2 0.4
fig.3.
b) Show that the general case Fourier coefficients a, and b, exists only for

even and odd functions respectively.

Q4
a) Given S(f) as shown in Fig. 4 find the inverse transform of S,(f).

Explain the implications of what you have just found.

S

fig 4.

b) Find the inverse transform of F(jw) = (@ + @0) + Bo(@ + wo)

c) Show that if f(¢) is an even function then its Fourier transform F(jw) is
also an even function.



Q5

b)

Given the network in figure 5. It can be shown that the free response
depend on relative values of the network.*If the differential equation
describing the network is given as

. v, 1 ;
ly (I) =C dt +Gv+ L [_ V(t)dt"‘ L (0_)

Find the response vc(t) and discuss all the three possible conditions.

o
T |
s
e EG L
ig(t) T¢ ‘

iL(o‘)

fig.5

Find the current i(t)for the network



Q6

(a Given the system in fig. 6a Determine the system function H(s) = I/Vf?)z
(s
and draw pole zero diagram of the system function.
("
I
i
+ R,
+
v
! R, v
fig.6a.

(b)  Given the pole zero diagram in Fig. 6b determine system function
representation of the graphical representation and find the impulse
response of the systems.

e (T

" fig.6b.



Q7
a) Given R-C differentiator and integrator functions shown in figure 7(a) and (b)
show that these are a differentiator and integrator circuits. Make the

necessary assumptions.

g E
It ° MV -0
C > vg() RS wft) C Dug® €= wolt)
O 0
(a) (b)
fig.7.
b) In the circuit shown (fig (7c) all initial currents and voltages are zero.

Find i(t) for t>0 using thevenin’s theorem.

u(t)

Y

4Q

so® i (oY

lh

fig7c.



(8. In this question answer true or false, give reasoning for your answer. Wrong answers
shall be penalized.

a.

A system function that has poles and zeroes in the.right hand side of the s plane
and multiple poles on the jo axis is unstable.

Dividing a system function by s correspond to differentiating the inverse
transform and therefore placing a pole at the origin must correspond to the step
response of the system.

For the response to be nearly identical to the excitation, the system amplitude
response should be constant and its phase response should be linear over the
frequency range of interest.

In a series RC circuit with a voltage source v, if a capacitor was initially charged
up and the voltage source v became zero, the voltage will decay naturally to zero,
like exp(sat) , where sa= -(1/RC).

When a circuit encloses a region containing a magnetic field, a voltage is induced
in the circuit whenever the magnetic field linking the circuit changes and the
polarity of the induced current always opposes the voltage change.
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Q1
a) From the given pole zero diagram in figure 1, plot roughly the amplitude

and phase response giving explanations for your plots.
Jw
x j1.109
71.015

b) If now we have azeroat z=0 * jo, andapoleat p=0ct jo, where is

o very small compared to @; . Draw the amplitude and phase responses.



c)

Q2

b)

For the given pole zero configuration for a system function H(s). Using
any method you please find the undamped frequency w, and the

bandwidth B, and the Q.

Jw
>'<———'j1‘oo
|
]

I

I

|

|

!

|

—5: 0O o

I

i

]

|

]

I

x | —j100
fig.1.b.

The general expression of cisoidal signals is S(t) = Ae".

Where s = o + jo is the complex frequency variable. Discuss and plot
the different forms of the signal given all condition of the complex
frequency s.

If the system function of a network is given as
1

H()=———
(s+2)(s+3)
and if the excitation is
E(s)= 3
s

Find the response R, . Express your answer in time domain.



Q3

a) Given the half sinusoidal waveform shown in fig. 3.
Using Fourier series determine the coefficients a,,a, and b,
s

Vm

e g SNt
0.2 0.4 )

fig.3.

b) Show that the general case Fourier coefficients a, and b, exists only for
even and odd functions respectively.

Q4
a) Given S(f) as shown in Fig. 4 find the inverse transform of S,(f).

Explain the implications of what you have just found.

S(f)

fig 4.

b) Find the inverse transform of F(jw) = f&(@ + wo) + BS(@ + @o)

c) Show that if f(7) is an even function then its Fourier transform F(jw) is
also an even function.



Qs

a) Given the network in figure 5. It can be shown that the free response
depend on relative values of the network. If the differential equation
describing the network is given as

. dv 1 .
i ())=C" +Gv+ [ vydzri,(0-)

Find the response v((t) and discuss all the three possible conditions.

oo

C

S

{
=
Q
o)
t~

ig(t) T |

iL(O"

fig.5

b) Find the current i(t)for the network



Q6
[£10)]

(@) Given the system in fig. 6a Determine the system function H(s) = Vo)
(s

and draw pole zero diagram of the system function.

o

amndbnsy
———

. R, v

fig.6a.
(b) Given the pole zero diagram in Fig. 6b determine system function

representation of the graphical representation and find the impulse
response of the systems.

SN i O

fig.6b.



Q7
a) Given R-C differentiator and integrator functions shown in figure 7(a) and (b)
show that these are a differentiator and integrator circuits. Make the

necessary assumptions. .

C R

iL
" 0 MV ~o
C)v,(t) R vo(t) d)u,m C== uwlt)
, -0 —O
(a) (b)
fig.7.
b) In the circuit shown (fig (7c) all initial currents and voltages are zero.

Find i(t) for t>0 using thevenin’s theorem.

v(t)
'S

4Q

56(t) CD == @

1h

fig7c.



(8. In this question answer true or false, give reasoning for your answer. Wrong answers
shall be penalized.

a.

A system function that has poles and zeroes in thé right hand side of the s plane
and multiple poles on the jo axis is unstable.

Dividing a system function by s correspond to differentiating the inverse
transform and therefore placing a pole at the origin must correspond to the step
response of the system.

For the response to be nearly identical to the excitation, the system amplitude
response should be constant and its phase response should be linear over the
frequency range of interest.

In a series RC circuit with a voltage source v, if a capacitor was initially charged
up and the voltage source v became zero, the voltage will decay naturally to zero,
like exp(sat) , where sa = -(1/RC).

When a circuit encloses a region containing a magnetic field, a voltage is induced
in the circuit whenever the magnetic field linking the circuit changes and the
polarity of the induced current always opposes the voltage change.
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Q1
a) From the given pole zero diagram in figure 1, plot roughly the amplitude

and phase response giving explanations for your plots.
Jw
x j1.109
71015

b) If now we have azeroat z=0 * jw, andapoleat p =0 jo, where is

o very small compared to ;. Draw the amplitude and phase responses.



Q2

c)

b)

For the given pole zero configuration for a system function H(s). Using
any method you please find the undamped frequency @, and the

bandwidth B, and the Q.

Jw
>'<———"j100
|
I
!
|
|
I
I
]

—5: 0O o

!

I

I

I

!

I

¥ |- —j100
fig.1.b.

The general expression of cisoidal signals is S(t) = Ae™ .

Where s = o + jow is the complex frequency variable. Discuss and plot
the different forms of the signal given all condition of the complex
frequency s.

If the system function of a network is given as
1

H(s)=———
(s+2)(s+3)
and if the excitation is
E(s)= ;1
s

Find the response R¢s) . Express your answer in time domain.



Q3
a)

b)

Q4

Given the half sinusoidal waveform shown in fig. 3.
Using Fourier series determine the coefficients a,,a, and b,
b

‘Y

m

] i . .
04 02 0 0.2 0.4 - s

fig.3.
Show that the general case Fourier coefficients a, and b,, exists only for

even and odd functions respectively.

Given S(f) as shown in Fig. 4 find the inverse transform of S,(f).
Explain the implications of what you have just found.

SN

o] . +f

b)

<)

~

~
o]
o

+f

fig 4.

Find the inverse transform of F(jw) = B6(@ + o) + 6 (@ + wo)

Show that if f(f) is an even function then its Fourier transform F(jw) is
also an even function.



Q5

a) Given the network in figure 5. It can be shown that the free response
depend on relative values of the network. It the differential equation

describing the network is given as
. av . 1 .
iy ()=C 4Gy [ vyd i (0-)

Find the response v(t) and discuss all the three possible conditions.

o)

r

S

\
!

ig(®)

fig.5

b) Find the current i(t)for the network




Q6
(a) Given the system in fig. 6a Determine the system function H(s) = I;ZE%
(s

and draw pole zero diagram of the system function.

>

+ R, +
u Ry > v
fig.6a.

(b) Given the pole zero diagram in Fig. 6b determine system function
representation of the graphical representation and find the impulse
response of the systems.

- jw
Jw
1 A

PRS- e W

e e

1 S 3

- fig.6b.



Q7
a) Given R-C differentiator and integrator functions shown in figure 7(a) and (b)
show that these are a differentiator and integrator circuits. Make the
necessary assumptions.
[ ]

C R

[y - AMNV —0
( vl RS uyt) ) L
g vg(t) C—r volt)

O )
(a) (b)
fig.7.
b) In the circuit shown (fig (7c) all initial currents and voltages are zero.

Find i(t) for t>0 using thevenin’s theorem.

v(t)

Y

4Q

)
"

55(t) P g

1h

fig7c.



(8. In this question answer true or false, give reasoning for your answer. Wrong answers
shall be penalized.

a.

A system function that has poles and zeroes in the right hand side of the s plane
and multiple poles on the jo axis is unstable.

Dividing a system function by s correspond to differentiating the inverse
transform and therefore placing a pole at the origin must correspond to the step
response of the system.

For the response to be nearly identical to the excitation, the system amplitude
response should be constant and its phase response should be linear over the
frequency range of interest.

In a series RC circuit with a voltage source v, if a capacitor was initially charged
up and the voltage source v became zero, the voltage will decay naturally to zero,
like exp(sat) , where sa= -(1/RC).

When a circuit encloses a region containing a magnetic field, a voltage is induced
in the circuit whenever the magnetic field linking the circuit changes and the
polarity of the induced current always opposes the voltage change.
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Ql
a) From the given pole zero diagram in figure 1, plot roughly the amplitude
and phase response giving explanations for your plots.
Jw
x 71.109
j1.015
o
-j1.015
x =j1.109
fig.1.a
b) If now we have azeroat z=0 * jw, andapoleat p =0 jo, where is

o very small compared to @; . Draw the amplitude and phase responses.



Q2

b)

For the given pole zero configuration for a system function H(s). Using
any method you please find the undamped frequency @, and the

bandwidth B, and the Q.

Jw
f——~jloo
|
]

I

|

I

I

]

|
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|

*x  |— —j100
fig.1.b.

The general expression of cisoidal signals is S(t) = Ae™ .

Where s = o + jo is the complex frequency variable. Discuss and plot
the different forms of the signal given all condition of the complex
frequency s.

If the system function of a network is given as
1
(s+2)s+3)

and if the excitation is

E(s) = E
s

H(s) =

Find the response R(s). Express your answer in time domain.



Q3

a) Given the half sinusoidal waveform shown in fig. 3.
Using Fourier series determine the coefficients 84,3, and b,
0

Vin
- . >t (s)
0.4  -02 0 0.2 0.4 S
fig.3.
b) Show that the general case Fourier coefficients a, and b,, exists only for

even and odd functions respectively.

Q4
a) Given S(f) as shown in Fig. 4 find the inverse transform of S,(f).

Explain the implications of what you have just found.

S0

fig 4.

b) Find the inverse transform of F(jw) = (@ + @) + pé(w + wo)

c) Show that if f(¢) is an even function then its Fourier transform F(jw) is
also an even function.



Q5

a) Given the network in figure 5. It can be shown that the free response
depend on relative values of the network. If4he differential equation

describing the network is given as
() = C‘; +Gy+ - I W()dtst i, (0-)

Find the response vc(t) and discuss all the three p0531ble conditions.

e
sb
L G L
ig(t) TC ‘
i],(o"')
,_L.
fig.5

b) Find the current i(t)for the network



Q6
Vy(s)

(a) Given the system in fig. 6a Determine the system function H(s) = V(s)
(s

and draw pole zero diagram of the system function.

o)

+ R, +
Ul R, U7
fig.6a.

(b) Given the pole zero diagram in Fig. 6b determine system function
representation of the graphical representation and find the impulse
response of the systems.

Ju /r
PRSI 2 —— 3 PR [SR————— SRR S
! _k
NS L

. fig.6b.



Q7
a) Given R-C differentiator and integrator functions shown in figure 7(a) and (b)

show that these are a differentiator and integrator circuits. Make the
necessary assumptions. .

g R
It a AMN ~o

Ot R% w)  Qu = wiv

0 -—0
(a) (b)
fig.7.
b) In the circuit shown (fig (7c) all initial currents and voltages are zero.

Find i(t) for t>0 using thevenin’s theorem.

v(t)

Y

54(¢) D = @

4Q

/

lh

fig7c.
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(8. In this question answer true or false, give reasoning for your answer. Wrong answers
shall be penalized.

a. A system function that has poles and zeroes in the right hand side of the s plane
and multiple poles on the jo axis is unstable.

b. Dividing a system function by s correspond to differentiating the inverse
transform and therefore placing a pole at the origin must correspond to the step

response of the system.

c. For the response to be nearly identical to the excitation, the system amplitude
response should be constant and its phase response should be linear over the
frequency range of interest.

d. Inaseries RC circuit with a voltage source v, if a capacitor was initially charged
up and the voltage source v became zero, the voltage will decay naturally to zero,
like exp(sat) , where sa = -(1/RC).

e. When a circuit encloses a region containing a magnetic field, a voltage is induced
in the circuit whenever the magnetic field linking the circuit changes and the
polarity of the induced current always opposes the voltage change.
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EE321
ELECTROMECHANICS & ELECTRICAL MACHINES

Time: Three hours.
Answer five questions.

Permeability of free space, p=4mx | 07 H/m
Permittivity of free space, £&=8.85 x | 0" F/m

From basic concepts derive an expression giving the relationship between the
illuminance at a general point C and a reference point B, where B 1s a distance d from
(' on a horizontal plane surface. B is also at a depth / from A4, a point of a light
source with luminous intensity /.

[10 marks]

A 500-cd lamp emits light uniformly in all directions and is suspended 5 m above the
centre of a 10-m-by-20-m working plane. Find the illuminance below the lamp and at
each comer of the plane.

[5 marks]
In another application the same plane will be designed to have an illuminance of 300
Ix and will have eight lamp positions. If the utilization factor is 48% and
maintenance factor is 80% calculate the required mean spherical luminous intensity
per lamp.

[5 marks]

From basic principles and defining all the terms, find the expression of the
capacitance of a
(a) parallel-plate capacitor
(b) spherical capacitor, that is, one consisting of two concentric spheres, when the
outer sphere is earthed.

[10 marks]
A capacitor consists of two parallel conducting plates. The plates are 0.1 mm apart
and the space between them is partially filled with polythene sheet of thickness 0.09
mm, relative permittivity 2.25 and breakdown strength 300 kV/cm. Assuming the
breakdown strength of air is 30 kV/cm, find the maximum voltage which can be
applied to the capacitor without causing breakdown. What difference does it make to
the maximum voltage if the polythene sheet completely fills the space between the
plates? :

[10 marks]

Develop the equivalent circuit of a copper-wire wound, iron-cored inductor,

accounting for all power losses.
[8 marks]

- Page 1 -



A cylindrical steel plunger of diameter 3.9 cm is surrounded by a 1000-turn coil in a
cylindrical steel body as shown in figure 1. The coil is energised with a current of 0.5
A. Assuming the steel has infinite permeability and neglecting leakage and fringing
fluxes, calculate the total stored energy in the atr-gaps.

[12 marks]
4.1 cm diameter
. Plunger .
Air-gap Y » -
3.9 cm diameter
//
v
/// . 4 cm
T 1000-turn
| coil
2 -
< Air-gap X,

Figure 1.

Define the "regulation" of a single-phase transformer and state its practical
importance. Derive an expression for regulation carefully defining all terms.
[10 marks]

The primary of a transformer is supplied with a constant voltage of 1000 V, and the
secondary voltage on no load is 100 V. When supplying a pure resistance with 20 A
the voltage falls to 96 V and when supplying a pure capacitance with 10 A the
voltage rises to 104 V. Draw an equivalent circuit of the transformer, showing
numerical values of the series components.

[6 marks]
What is the percent regulation of this transformer when supplying 20 A to an
inductive load of 0.8 power factor?

[4 marks]

Describe the circuit that would be used to measure reactive power in a balanced
three-phase circuit and prove that such a circuit measures reactive power.

. [10 marks]
Find the readings of the two wattmeters used to measure real power on a 3-wire, 240-

V system with a balanced delta-connected load of 20/80° Q.
[10 marks]

From “v = Blu”, where [ is the length of a conductor, cutting a magnetic field of
density B at constant speed u, and experiences an induced voltage v, derive
expressions for the brush terminal voltage for a commutator machine and for a slip-
ring machine.

[10 marks]
A 4-pole machine has 124 lap wound coils each having 2 turns. The flux per pole is
0.015 Wb. Calculate, assuming sinusoidal field distribution,

(i) the dc voltage appearing across a pair of brushes when running as a commutator
machine at 1500 rev/min.
[4 marks]
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(i1) the rms voltage across a pair of brushes when running as a single-phase slip-ring
machine with relative conductor-field speed still at 1500 rev/m.

[6 marks]

(a) Show from basic principles that the torque developed between two coils free to

dL dL
- 1 1 _1.2771 1,2 2 .. dM :
rotate about their axes is - 71 g+l g i Y defining all terms.

do "2

‘ [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 an 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]
(1) What is the speed of the rotor?

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

[2 marks]

(i) The magnetic characteristic obtained for a dc generator at 1200 rpm is as follows.

Field current (A) 05 1.0 |15 [20 {25 |30 |35 |40 |50 [5.5
Generated emf (V) 120 | 240 | 360 | 480 | 540 | 600 | 660 | 696 | 738 | 744

i

The generator is shunt excited and is driven at 1000 rpm. If its field resistance is 120
Q), what is its no-load generated voltage? If the load resistance is 5 Q and the
armature resistance is 1 €, find the terminal voltage and load current.

[10 marks]
(11) A 400-V dc shunt motor takes 50 A on full-load, and the speed is then 1000
rev/min. For this full-load condition, the field current is 2 A, and the windage,
friction and iron losses amount to 600 W. If the armature resistance is 0.5 Q
calculate the total losses, the efficiency and output torque.

[10 marks]

END OF EE321 EXAMINATION
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EE321
ELECTROMECHANICS & ELECTRICAL MACHINES

Time: Three hours.
Answer five questions.

Permeability of free space, p,=4xx 107 H/m
Permittivity of free space, £=8.85 x 107 F/m

From basic concepts derive an expression giving the relationship between the
illuminance at a general point C and a reference point B, where B is a distance d from
C on a horizontal plane surface. B is also at a depth 4 from 4, a point of a light
source with luminous intensity /.

[10 marks]

A 500-cd lamp emits light uniformly in all directions and is suspended 5 m above the
centre of a 10-m-by-20-m working plane. Find the illuminance below the lamp and at
each corner of the plane.

[5 marks]
In another application the same plane will be designed to have an illuminance of 300
Ix and will have eight lamp positions. If the utilization factor is 48% and
maintenance factor 1s 80% calculate the required mean spherical luminous intensity
per lamp.

[5 marks]

From basic principles and defining all the terms, find the expression of the
capacitance of a
(a) parallel-plate capacitor
(b) spherical capacitor, that is, one consisting of two concentric spheres, when the
outer sphere is earthed.

[10 marks]
A capacitor consists of two parallel conducting plates. The plates are 0.1 mm apart
and the space between them is partially filled with polythene sheet of thickness 0.09
mm, relative permittivity 2.25 and breakdown strength 300 kV/cm. Assuming the
breakdown strength of air is 30 kV/cm, find the maximum voltage which can be
applied to the capacitor without causing breakdown. What difference does it make to
the maximum voltage if the polythene sheet completely fills the space between the
plates?

[10 marks]

Develop the equivalent circuit of a copper-wire wound, iron-cored inductor,

accounting for all power losses.
[8 marks]
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A cylindrical steel plunger of diameter 3.9 cm is surrounded by a 1000-turn coil in a
cylindrical steel body as shown in figure 1. The coil is energised with a current of 0.5
A. Assuming the steel has infinite permeability and neglecting leakage and fringing
fluxes, calculate the total stored energy in the air-gaps.

[12 marks]

4.1 cm diameter

Plunger,

Air-gap Y 3.9 cm diameter

// M 4 cm
A 1000-turn
| coil
™ |
< Air-gap X,
77777/ e

Figure 1.

Define the "regulation" of a single-phase transformer and state its practical
importance. Derive an expression for regulation carefully defining all terms.
[10 marks]

The primary of a transformer is supplied with a constant voltage of 1000 V, and the
secondary voltage on no load is 100 V. When supplying a pure resistance with 20 A
the voltage falls to 96 V and when supplying a pure capacitance with 10 A the
voltage rises to 104 V. Draw an equivalent circuit of the transformer, showing
numerical values of the series components.

[6 marks]
What is the percent regulation of this transformer when supplying 20 A to an
inductive load of 0.8 power factor?

[4 marks]

Describe the circuit that would be used to measure reactive power in a balanced
three-phase circuit and prove that such a circuit measures reactive power.

[10 marks]
Find the readings of the two wattmeters used to measure real power on a 3-wire, 240-

V system with a balanced delta-connected load of 20/800 Q.
[10 marks]

From “v = Blu”, where [ is the length of a conductor, cutting a magnetic field of
density B at constant speed u, and experiences an induced voltage v, derive
expressions for the brush terminal voltage for a commutator machine and for a slip-
ring machine.

[10 marks]
A 4-pole machine has 124 lap wound coils each having 2 turns. The flux per pole is
0.015 Wb. Calculate, assuming sinusoidal field distribution,

(i) the de voltage appearing across a pair of brushes when running as a commutator
machine at 1500 rev/min.

[4 marks]
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(ii) the rms voltage across a pair of brushes when running as a single-phase slip-ring
machine with relative conductor-field speed still at 1500 rev/m.

[6 marks]
(a) Show from basic principles that the torque developgd between two coils free to
) . dL dL .
rotate about their axes is T = %ilz "Jél“ + Jz‘izz d_ez +iqiy (:i%/[ , defining all terms.

[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 an 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.

(i) What is the slip?

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

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

[2 marks]

(i) The magnetic characteristic obtained for a dc generator at 1200 rpm is as follows.

Field current (A) 05 10 [15 120 125 |30 |35 |40 |50 |55
Generated emf (V) 120 | 240 | 360 | 480 | 540 | 600 | 660 | 696 | 738 | 744

The generator is shunt excited and is driven at 1000 rpm. If its field resistance is 120
Q, what is its no-load generated voltage? If the load resistance is 5 Q2 and the
armature resistance is 1 Q, find the terminal voltage and load current.

[10 marks]
(ii) A 400-V dc shunt motor takes 50 A on full-load, and the speed is then 1000
rev/min. For this full-load condition, the field current is 2 A, and the windage,
friction and iron losses amount to 600 W. If the armature resistance is 0.5 Q
calculate the total losses, the efficiency and output torque.

[10 marks]

END OF EE321 EXAMINATION
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EE321
ELECTROMECHANICS & ELECTRICAL MACHINES

Time: Three hours.
Answer five questions.

Permeability of free space, p=4mwx [ 07 H/m
Permittivity of free space, £&=8.85 x 107" F/m

From basic concepts derive an expression giving the relationship between the
illuminance at a general point C and a reference point B, where B is a distance d from
C on a horizontal plane surface. B is also at a depth / from 4, a point of a light
source with luminous intensity /.

[10 marks]

A 500-cd lamp emits light uniformly in all directions and is suspended 5 m above the
centre of a 10-m-by-20-m working plane. Find the illuminance below the lamp and at
each corner of the plane.

[5 marks]
In another application the same plane will be designed to have an illuminance of 300
Ix and will have eight lamp positions. If the utilization factor is 48% and
maintenance factor is 80% calculate the required mean spherical luminous intensity
per lamp.

[5 marks]

From basic principles and defining all the terms, find the expression of the
capacitance of a
(a) parallel-plate capacitor
(b) spherical capacitor, that is, one consisting of two concentric spheres, when the
outer sphere is earthed.

[10 marks]
A capacitor consists of two parallel conducting plates. The plates are 0.1 mm apart
and the space between them is partially filled with polythene sheet of thickness 0.09
mm, relative permittivity 2.25 and breakdown strength 300 kV/cm. Assuming the
breakdown strength of air is 30 kV/cm, find the maximum voltage which can be
applied to the capacitor without causing breakdown. What difference does it make to
the maximum voltage if the polythene sheet completely fills the space between the
plates?

[10 marks]

Develop the equivalent circuit of a copper-wire wound, iron-cored inductor,

accounting for all power losses.
[8 marks]
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A cylindrical steel plunger of diameter 3.9 cm is surrounded by a 1000-turn coil in a
cylindrical steel body as shown in figure 1. The coil is energised with a current of 0.5
A. Assuming the steel has infinite permeability and neglecting leakage and fringing
fluxes, calculate the total stored energy in the air-gaps.

[12 marks]

4.1 cm diameter

Plunger,

Air-gap Y 3.9 cm diameter

v
4 cm
A 1000-turn
| — coil
4 Atr-gap X,
77777

Figure 1.

Define the "regulation” of a single-phase transformer and state its practical
importance. Derive an expression for regulation carefully defining all terms.
[10 marks]

The primary of a transformer is supplied with a constant voltage of 1000 V, and the
secondary voltage on no load is 100 V. When supplying a pure resistance with 20 A
the voltage falls to 96 V and when supplying a pure capacitance with 10 A the
voltage rises to 104 V. Draw an equivalent circuit of the transformer, showing
numerical values of the series components.

[6 marks]
What is the percent regulation of this transformer when supplying 20 A to an
inductive load of 0.8 power factor?

[4 marks]

Describe the circuit that would be used to measure reactive power in a balanced
three-phase circuit and prove that such a circuit measures reactive power.

[10 marks]
Find the readings of the two wattmeters used to measure real power on a 3-wire, 240-

V system with a balanced delta-connected load of 20/80° Q.
[10 marks]

From “v = Blu”, where [ is the length of a conductor, cutting a magnetic field of
density B at constant speed u, and experiences an induced voltage v, derive
expressions for the brush terminal voltage for a commutator machine and for a slip-
ring machine.

[10 marks]
A 4-pole machine has 124 lap wound coils each having 2 turns. The flux per pole is
0.015 Wb. Calculate, assuming sinusoidal field distribution,

(1) the dc voltage appearing across a pair of brushes when running as a commutator
machine at 1500 rev/min.

[4 marks]
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(ii) the rms voltage across a pair of brushes when running as a single-phase slip-ring
machine with relative conductor-field speed still at 1500 rev/m.

[6 marks]

(a) Show from basic principles that the torque develoged between two coils free to

dL dL
1.2°71 1. 2 . . dM 1
LR e e R R defining all terms.
[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 an induction
machine and as a synchronous machine.

rotate about their axes s T =

[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.

(i) What is the slip?

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

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

[2 marks]

(i) The magnetic characteristic obtained for a dc generator at 1200 rpm is as follows.

Field current (A) 05 (10 [ 15 20 [25 |30 [35 140 |50 |55
Generated emf (V) 120 | 240 | 360 | 480 [ 540 | 600 | 660 | 696 | 738 | 744

The generator is shunt excited and is driven at 1000 rpm. If its field resistance 1s 120
), what is its no-load generated voltage? If the load resistance 1s 5 € and the
armature resistance is 1 Q, find the terminal voltage and load current.

[10 marks]
(i1) A 400-V dc shunt motor takes 50 A on full-load, and the speed is then 1000
rev/min. For this full-load condition, the field current is 2 A, and the windage,
friction and iron losses amount to 600 W. If the armature resistance is 0.5 Q
calculate the total losses, the efficiency and output torque.

[10 marks]

END OF EE321 EXAMINATION
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Time: Three hours.
Answer five questions.

Permeubility of free space, p,=4mx | 07 H/m
Permittivity of free space, €&=8.85 x | 0" F/m

From basic concepts derive an expression giving the relationship between the
illuminance at a general point C and a reference point B, where B is a distance d from
C on a horizontal plane surface. B is also at a depth 4 from 4, a point of a light
source with luminous intensity /.

[10 marks] -

A 500-cd lamp emits light uniformly in all directions and is suspended 5 m above the
centre of a 10-m-by-20-m working plane. Find the illuminance below the lamp and at
each corner of the plane.

[5 marks]
In another application the same plane will be designed to have an illuminance of 300
1x and will have eight lamp positions. If the utilization factor is 48% and
maintenance factor is 80% calculate the required mean spherical luminous intensity
per lamp.

[5 marks]

From basic principles and defining all the terms, find the expression of the
capacitance of a
(a) parallel-plate capacitor
(b) spherical capacitor, that is, one consisting of two concentric spheres, when the
outer sphere is earthed.

[10 marks]
A capacitor consists of two parallel conducting plates. The plates are 0.1 mm apart
and the space between them is partially filled with polythene sheet of thickness 0.09
mm, relative permittivity 2.25 and breakdown strength 300 kV/cm. Assuming the
breakdown strength of air is 30 kV/cm, find the maximum voltage which can be
applied to the capacitor without causing breakdown. What difference does it make to
the maximum voltage if the polythene sheet completely fills the space between the
plates?

[10 marks]

Develop the equivalent circuit of a copper-wire wound, iron-cored inductor,

accounting for all power losses.
[8 marks]
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A cylindrical steel plunger of diameter 3.9 cm 1s surrounded by a 1000-turn coil in a
cylindrical steel body as shown in figure 1. The coil is energised with a current of 0.5
A. Assuming the steel has infinite permeability and neglecting leakage and fringing
fluxes, calculate the total stored energy in the air-gaps.

[12 marks]
4.1 cm diameter
. Plunger,
Air-gap Y 3.9 cm diameter
v
% 4 cm
A 1000-turn
| coil
4
< Air-gap X,

/ / j 7/ /' / / 1.5 mm

Figure 1.

Define the "regulation" of a single-phase transformer and state its practical
importance. Derive an expression for regulation carefully defining all terms.
[10 marks]

The primary of a transformer is supplied with a constant voltage of 1000 V, and the
secondary voltage on no load is 100 V. When supplying a pure resistance with 20 A
the voltage falls to 96 V and when supplying a pure capacitance with 10 A the
voltage rises to 104 V. Draw an equivalent circuit of the transformer, showing
numerical values of the series components.

[6 marks]
What is the percent regulation of this transformer when supplying 20 A to an
inductive load of 0.8 power factor?

[4 marks]

Describe the circuit that would be used to measure reactive power in a balanced
three-phase circuit and prove that such a circuit measures reactive power.

[10 marks]
Find the readings of the two wattmeters used to measure real power on a 3-wire, 240-

V system with a balanced delta-connected load of 20/80° Q.
[10 marks]

From “v = Blu”, where [ is the length of a conductor, cutting a magnetic field of
density B at constant speed u, and experiences an induced voltage v, derive
expressions for the brush terminal voltage for a commutator machine and for a slip-
ring machine.

[10 marks]
A 4-pole machine has 124 lap wound coils each having 2 turns. The flux per pole is
0.015 Wb. Calculate, assuming sinusoidal field distribution,

(i) the dc voltage appearing across a pair of brushes when running as a commutator
machine at 1500 rev/min.

[4 marks]
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(i1) the rms voltage across a pair of brushes when running as a single-phase slip-ring
machine with relative conductor-field speed still at 1500 rev/m.

[6 marks]
(a) Show from basic principles that the torque develoged between two coils free to
) . dL dL _
rotate about their axes is 1= %ilz 'd'el + % 122 @2" +iqly ‘:}g , defining all terms.

[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 an 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 1s 2 Hz.

(i) What is the slip?

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

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

[2 marks]

(i) The magnetic characteristic obtained for a dc generator at 1200 rpm is as follows.

Field current (A) 0510 [15 (20 [25 |30 |35 [40 |50 |55
Generated emf (V) 120 [ 240 [ 360 | 480 | 540 | 600 | 660 | 696 | 738 | 744

The generator is shunt excited and is driven at 1000 rpm. If its field resistance is 120
Q. what is its no-load generated voltage? If the load resistance is 5 Q and the
armature resistance is 1 Q, find the terminal voltage and load current.

[10 marks]
(ii) A 400-V dc shunt motor takes 50 A on full-load, and the speed is then 1000
rev/min. For this full-load condition, the field current is 2 A, and the windage,
friction and iron losses amount to 600 W. If the armature resistance is 0.5
calculate the total losses, the efficiency and output torque.

[10 marks]

END OF EE321 EXAMINATION
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Time: Three hours.
Answer five questions.

Permeuability of free space, p=4rx | 07 H/m
Permittivity of free space, £€~8.85 x | 0" F/m

From basic concepts derive an expression giving the relationship between the
illuminance at a general point C and a reference point B, where B is a distance d from
C on a horizontal plane surface. B is also at a depth A from 4, a point of a light
source with luminous intensity /.

[10 marks]

A 500-cd lamp emits light uniformly in all directions and is suspended 5 m above the
centre of a 10-m-by-20-m working plane. Find the illuminance below the lamp and at
each corner of the plane.

[5 marks]
In another application the same plane will be designed to have an illuminance of 300
Ix and will have eight lamp positions. If the utilization factor is 48% and
maintenance factor is 80% calculate the required mean spherical luminous intensity
per lamp.

[5 marks]

From basic principles and defining all the terms, find the expression of the
capacitance of a
(a) parallel-plate capacitor
(b) spherical capacitor, that is, one consisting of two concentric spheres, when the
outer sphere is earthed.

[10 marks]
A capacitor consists of two parallel conducting plates. The plates are 0.1 mm apart
and the space between them is partially filled with polythene sheet of thickness 0.09
mm, relative permittivity 2.25 and breakdown strength 300 kV/cm. Assuming the
breakdown strength of air is 30 kV/cm, find the maximum voltage which can be
applied to the capacitor without causing breakdown. What difference does it make to
the maximum voltage if the polythene sheet completely fills the space between the
plates?

[10 marks]

Develop the equivalent circuit of a copper-wire wound, iron-cored inductor,
accounting for all power losses.

[8 marks]
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A cylindrical steel plunger of diameter 3.9 cm is surrounded by a 1000-turn coil in a
cylindrical steel body as shown in figure 1. The coil is energised with a current of 0.5
A. Assuming the steel has infinite permeability and neglecting leakage and fringing
fluxes, calculate the total stored energy in the air-gaps.

[12 marks]
4.1 cm diameter
_ Plunger,
Air-gap Y ///' 3.9 cm diameter
} & v
/ 4cm
A 1000-turn
| — coil
2.
< Air-gap X,
Figure 1.

Define the "regulation” of a single-phase transformer and state its practical
importance. Derive an expression for regulation carefully defining all terms.
[10 marks]

The primary of a transformer is supplied with a constant voltage of 1000 V, and the
secondary voltage on no load is 100 V. When supplying a pure resistance with 20 A
the voltage falls to 96 V and when supplying a pure capacitance with 10 A the
voltage rises to 104 V. Draw an equivalent circuit of the transformer, showing
numerical values of the series components.

[6 marks]
What is the percent regulation of this transformer when supplying 20 A to an
inductive load of 0.8 power factor?

[4 marks]

Describe the circuit that would be used to measure reactive power in a balanced
three-phase circuit and prove that such a circuit measures reactive power.

[10 marks]
Find the readings of the two wattmeters used to measure real power on a 3-wire, 240-

V system with a balanced delta-connected load of 20/80° €.
[10 marks]

From “v = Blu”, where [ is the length of a conductor, cutting a magnetic field of
density B at constant speed u, and experiences an induced voltage v, derive
expressions for the brush terminal voltage for a commutator machine and for a slip-
ring machine.

[10 marks]
A 4-pole machine has 124 lap wound coils each having 2 turns. The flux per pole is
0.015 Wb. Calculate, assuming sinusoidal field distribution,

(i) the dc voltage appearing across a pair of brushes when running as a commutator
machine at 1500 rev/min.

[4 marks]
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(ii) the rms voltage across a pair of brushes when running as a single-phase slip-ring
machine with relative conductor-field speed still at 1500 rev/m.

[6 marks]

(a) Show from basic principles that the torque develgped between two coils free to
) . dL dL _
rotate about their axes is T = %ilz @1_ + %izz Tiel +iyip dM | defining all terms.

do
[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 an induction
machine and as a synchronous machine.

[4 marks]
(¢) A 3-phase, 4-pole induction motor operates on a 50-Hz supply. The frequency
of the rotor-induced current 1s 2 Hz.

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

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

[2 marks]

(i) The magnetic characteristic obtained for a dc generator at 1200 rpm is as follows.

Field current (A) 05 10115 (20 [25 [30 |35 |40 |50 |55
Generated emf (V) 120 [ 240 | 360 | 480 | 540 | 600 | 660 | 696 | 738 | 744

The generator is shunt excited and is driven at 1000 rpm. If its field resistance is 120
Q, what is its no-load generated voltage? If the load resistance is 5 €2 and the
armature resistance is 1 Q, find the terminal voltage and load current.

[10 marks]
(i) A 400-V dc shunt motor takes 50 A on full-load, and the speed is then 1000
rev/min. For this full-load condition, the field current is 2 A, and the windage,
friction and iron losses amount to 600 W. If the armature resistance is 0.5 €
calculate the total losses, the efficiency and output torque.

[10 marks]

END OF EE321 EXAMINATION
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Q1.

A. Fabrication of modern silicon bipolar junction transistors (BJT's)
employs the planar process in which the device is formed only on one
side of the silicon wafer as shown in figure 01 below.

Eittﬁr i;}a

- Silicon
dioxide

n <+ Epitaxial

layer

Collector

Figure 01. Sectional view of a planar process n " -p-n silicon bipolar junction

transistor

()
(i)

(iii)

(iv)

Describe in detail the processes involved in fabricating the
above BJT. (3 marks)
Name any two commonly used metals for interconnections in

“silicon BJTs and briefly discuss their merits or demerits. (3

marks)

In the above BJT what metal would you use for the emitter,
base and collector contacts? Discuss the type of contact
formed in each case. (3 marks)

Give any two reasons why silicon dioxide is preferably used in
silicon devices processing? (2 marks)



Q2.

Q3.

An ideal n " -p-n transistor has a current gain of 90 and is operated

on a base current of 20 nA. The recombination time of charge

carriers in the base is 0.1us.

(i) Find the emitter current. (3 marks)

(ii) Determine the time taken by minority carriers to cross the
base region. (3 marks)

(iii) Determine excess minority charge in the base. (3 marks)

The concept of crystal formation is central in the development

semiconductor electronics.

(i) Discuss forces that hold atoms in their respect positions to
form the crystal structure? (3 marks)

(i) Discuss any two important bonds in electronic engineering
materials naming an example for each case. (3 marks)

(ii) Briefly discuss the origins and nature of any two types of
charge carrier scattering in a semiconductor crystal. (4
marks)

When doping silicon, both acceptor and donor impurities may be
added until the desired semiconductor composition is obtained.
Calculate the majority and minority carrier concentrations at room
temperature in silicon doped with the following impurities: (Assume
all impurities are ionised and clearly state the type of semiconductor
obtained. Ny and N,are donor and acceptor impurity atom
concentrations respectively).

@ Ng=10%em™>, N =10em™> (2, marks)

i Nyg=10"%m>3, N, =102cm™3 (2, marks)

Gii) Nyg=10em™>, N,=10"%em™> (2Y, marks)
d a

(ivv Ng=0, N,=0 (2Y; marks)

Operation of optoelectronic devices is based on interaction of light

energy with electrons.

(i) Name three devices in which light is absorbed to produce an
electrical output and three devices in which light is generated
due to an electrical input. (3 marks)

(ii) A photodiode is a p-n junction diode cased in a transparent
cover. Detail the construction of a basic p-n junction
photodiode and describe its operation. (3 marks)

(iii)  Differentiate between a p-n and a p-i-n photodiode. 2y
marks)

(iv)y  How can a photodiode be operated as a solar cell? 2y
marks)

) Describe the construction and operation of a basic direct-
coupled optoisolator.(3 marks)



Q4.

Qs.

When a semiconductor is illuminated with light, there exists a

minimum frequency of the incident radiation at which electron-hole

pairs are generated. This minimum frequency at which charge

carrier are produced can be related to a maximum limiting

wavelength known as threshold. o

(i) Derive an expression for threshold wavelength. (3 marks)

(i) Determine threshold wavelength for the compound
semiconductor gallium phosphide at room temperature. (3
marks) )

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.

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

(ii) Determine the electronic configuration of a silicon atom.

(1 mark)

(iii)  Using the electronic configuration obtained in (ii) above,
explain the formation of energy bands in a silicon crystal
composed of X number of atoms where X is a very large
number. (5 marks)

(iv)  Using the concept developed in (iii), describe a metallic
conductor, semiconductor and insulator. (1Y, marks)

In a pure silicon crystal specimen:

(i) Discuss conditions that determine whether electrons obey
Fermi-Dirac and Maxwell-Boltzmann statistics. (4!, marks)

(ii) Determine chances of a Fermi-Dirac electron and Maxwell-
Boltzmann electron appearing in the conduction band at
room temperature. (3 Y, marks)

(ili) Compare the nature of conduction in metals with that taking
place in semiconductors. (2 marks)

Briefly discuss the following:

(i) The concept and consequence of effect mass of charge
carriers in a semiconductor. (2 marks)

(ii) Drift current in a semiconductor specimen to which an
external a low electric field is applied. (2 marks)

(iii)  Origin and nature of diffusion current in a semiconductor
specimen. (2 marks)

v) Any three commonly used semiconductors in respect of their
production methods and device fabrication suitability.
(6 marks)

Electrons are injected into one end of a bar of p-type silicon at room
temperature. The initial concentration of excess electrons is

10%*m™> and their lifetime in silicon is 10 us. Determine the



Qe.

Q7.

distance along the bar at which the minority carrier concentration
drops to half its equilibrium value. (8 marks)

A bipolar junction transistor (BJT),has several modes of operation

subject to certain conditions. For a p - -n-p transistor:

(i) Identify all the modes of operation and state junction(s)
biasing polarities. (4 marks)

(i) Detail or describe the electron and hole current components
in the emitter, base and collector regions when the BJT is in
transistor action. (5 marks)

(iii) It is given that P,  is the equilibrium minority carrier
concentration in the neutral (or field free) base region whose
width W is defined by 0 <x<W. Determine minority

carrier concentration P (X) as a function of biasing voltage

and operating temperature at the base boundary x = 0 and x
=W, for all modes identified at (i) above. (4 marks)

A silicon p+-n-p transistor has impurity concentrations of

5x10'8 cm_3, 10%cm > and 10%em ™3 in the emitter, base and

collector regions respectively. The transistor is operated at room

temperature with the emitter-base junction forward biased to 0.5V

and base-collector junction reverse biased to 5V. Calculate:

(i) The equilibrium minority carrier concentrations in the
emitter, base and collector. (3 marks)

(ii) The minority carrier concentration at the edge of emitter-
base junction. (2 marks)

(iif) The minority carrier concentration at the edge of the
collector-base junction. (2 marks)

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

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

(iii)  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 6kQ operates at a current of
4mA over a bandwidth of 10 MHz. If the amplifier is operating at
room temperature, determine the square mean:

(i) Shot noise current. (4 marks)

(ii) Thermal noise current. (4 marks)



Qs.
A. There are several methods used to introduce controlled amounts of
dopants into semiconductors.

(i) Briefly describe any three of thesg,doping methods. (6 marks)
(i) What advantage(s) are derived from doping a pure
semiconductor? (2 mark)

(iii)  Distinguish between an intrinsic and intrinsic-like
semiconductor. (2 marks) ‘
(iv) Why is silicon dioxide used as an effective mask or barrier

against impurities in the manufacture of IC's when the raw
material is silicon? (I mark)

B. Boron is adopant for converting pure silicon to an extrinsic
semiconductor. For boron atoms to diffuse into silicon, the temperature

is maintained at 1000°C, the concentration of boron at the surface of
silicon is maintained at 10" ¢cm ™ and time for the diffusion process is 1
hour. The total number of dopant atoms per unit area (Q(t)) in a
diffused semiconductor is given by the expression Q(t) =1.13C,+/Dt,

where Cg is the surface concentration of dopants, D is the diffusivity of
the dopants in silicon and t is the time of diffusion.

i. The diffusion length of boron in silicon. (4, marks)
ii. Total number of dopant atoms per unit area in silicon (4
marks)

END OF EXAMINATION

LIST OF USEFUL CONSTANTS AND VARIABLES

1. Boltzmann constant =1.38x10 3 JK!

2. Electronic charge =1.602x107"C

3. 1 electron volt =1.602x107°J

4. Room temperature =27°C

5. Silicon intrinsic carrier concentration =1.5x10m™ at room
temperature

6. Gallium phosphide energy gap = 2.24 eV at room temperature

7. Silicon energy gap =1.12eV at room temperature & 1.16eV
at 0K

8. Absolute Temperature =-273°C

9. Planck’s constant = 6.63x10 >4 Js

10.  Speed of light =3.0x10%m/s

11. Silicon atom atomic number =14

12.  Electron mobility in silicon =1450 cm2V g1

13.  The diffusion coefficient of boron in silicon = 2x10"“cm?’s™

14. Assume room temperature if not specified.
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Q1.

A. Fabrication of modern silicon bipola"r junction transistors (BJT's)

employs the planar process in which the device is formed only on one
side of the silicon wafer as shown in figure 01 below.

E%ttezr &}a

- &ilicon
dioxide

},, Epitaxial

 layer

Cmmmmr

Fiosure 01. Sectional view of a planar process n" -p-n silicon bipolar junction
g Y4 Y4 y4 /4 J

transistor

(i)
(ii)

(i)

(iv)

Describe in detail the processes involved in fabricating the
above BJT. (3 marks)

Name any two commonly used metals for interconnections in
silicon BJTs and briefly discuss their merits or demerits. (3
marks) :

In the above BJT what metal would you use for the emitter,
base and collector contacts? Discuss the type of contact
formed in each case. (3 marks)

Give any two reasons why silicon dioxide is preferably used in
silicon devices processing? (2 marks)



Q2.

Q3.

An ideal n* -p-n transistor has a current gain of 90 and is operated

on a base current of 20 uA. The recombination time of charge

carriers in the base is 0.1us.

(i) Find the emitter current. (3 marks)

(ii) Determine the time taken by*minority carriers to cross the
base region. (3 marks)

(iii)  Determine excess minority charge in the base. (3 marks)

The concept of crystal formation is central in the development

semiconductor electronics.

) Discuss forces that hold atoms in their respect positions to
form the crystal structure? (3 marks)

(i)  Discuss any two important bonds in electronic engineering
materials naming an example for each case. (3 marks)

(ii) Briefly discuss the origins and nature of any two types of
charge carrier scattering in a semiconductor crystal. (4
marks)

When doping silicon, both acceptor and donor impurities may be
added until the desired semiconductor composition is obtained.
Calculate the majority and minority carrier concentrations at room
temperature in silicon doped with the following impurities: (Assume
all impurities are ionised and clearly state the type of semiconductor

obtained. Ny and N,are donor and acceptor impurity atom
concentrations respectively).

i Ny=10%em™>, N.=10em™3 (2 Y, marks)
d a

i) Nyg=10"%em™>, N.=10®cm™3 (2Y, marks)
d a

i) Ny=10em>, N,=10"%cm™3 (2 Y, marks)
d a

(ivy Ng=0, N,=0 (2 Y, marks)

Operation of optoelectronic devices is based on interaction of light

energy with electrons.

(i) Name three devices in which light is absorbed to produce an
electrical output and three devices in which light is generated
due to an electrical input. (3 marks)

(ii) A photodiode is a p-n junction diode cased in a transparent
cover. Detail the construction of a basic p-n junction
photodiode and describe its operation. (3 marks)

(iii)  Differentiate between a p-n and a p-i-n photodiode. Yy
marks)

(ivy  How can a photodiode be operated as a solar cell? Yy
marks)

v) Describe the construction and operation of a basic direct-
coupled optoisolator.(3 marks)



Qs.

o ,vf .marlés) S o

Wben a semiconductor is illuminated with light, there exists a

" minimum frequency of the incident radiation at which electron-hole
_ pairs are generated. This minimum frequency at which charge
" earrier are produced can be related to a maximum llmltlng

wavelength known as threshold.
i) - Derive an expression for threshold wavelength. (3 marks)

.(u) Determlne threshold - wivelength for the compound

. ' semlconductor gallium phosphlde at room temperature. (3

P T
vy L &

- B Yoo )

"v R SRy o ’

' Slhcon is tlie most widely used raw materlal for manufacture of
.«'present day electronic ‘devices and thls eptomlsed by S0 many
+ 'Silicon Valleys and Parks' worldwide. .- '

"‘(i)' ‘Briefly discuss quantum qumbers that completely descrlbe

L ‘the electronic sfructure of a sﬂlcon atom and state the
limiting principle. (2 / marks) '

' (ii)' Determine the electronic configuration of a silicon atom

(1 mark)

(iii) Using the electronic configuration obtained in (ii) above,
explain the formation of energy bands in a silicon crystal
composed of X number of atoms where X is a very large
number. (5 marks)

(iv)  Using the concept developed in (iii), describe a metallic
conductor, semiconductor and insulator. (1Y, marks)

In a pure silicon crystal specimen:

(i) Discuss conditions that determine whether electrons obey
Fermi-Dirac and Maxwell-Boltzmann statistics. (4}, marks)

(ii) Determine chances of a Fermi-Dirac electron and Maxwell-
Boltzmann electron appearing in the conduction band at
room temperature. (3 Y, marks)

(iii) Compare the nature of conduction in metals with that taking
place in semiconductors. (2 marks)

Briefly discuss the following:

(i) The concept and consequence of effect mass of charge
carriers in a semiconductor. (2 marks)

(ii) Drift current in a semiconductor specimen to which an
external a low electric field is applied. (2 marks)

(iii)  Origin and nature of diffusion current in a semiconductor
specimen. (2 marks)

v) Any three commonly used semiconductors in respect of their
production methods and device fabrication suitability.
(6 marks)

Electrons are injected into one end of a bar of p-type silicon at room
temperature. The initial concentration of excess electrons is

102*m™ and their lifetime in silicon is 10us. Determine the
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distance along the bar at which the minority carrier concentration
drops to half its equilibrium value. (8 marks)

A bipolar junction transistor (BJT) has several modes of operation

subject to certain conditions. For ap * -n-p transistor:

(i) Identify all the modes of operation and state junction(s)
biasing polarities. (4 marks) :

(ii) Detail or describe the electron and hole current components
in the emitter, base and collector regions when the BJT is in
transistor action. (5 marks)

(iii) It is given that P , is the equilibrium* minority carrier
concentration in the neutral (or field free) base region whose
width W is defined by 0 <x<W. Determine minority

carrier concentration P (X) as a function of biasing voltage

and operating temperature at the base boundary x = 0 and x
= W, for all modes identified at (i) above. (4 marks)

oy + . . . .
A ssilicon p -n-p transistor has impurity concentrations of

5x10'8 cm_3, 10" cm ™ and 10 em ™3 in the emitter, base and

collector regions respectively. The transistor is operated at room

temperature with the emitter-base junction forward biased to 0.5V

and base-collector junction reverse biased to 5V. Calculate:

() The equilibrium minority carrier concentrations in the
emitter, base and collector. (3 marks)

(ii) The minority carrier concentration at the edge of emitter-
base junction. (2 marks)

(iii) The minority carrier concentration at the edge of the
collector-base junction. (2 marks)

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

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

(iij)  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 6k() operates at a current of
4mA over a bandwidth of 10 MHz. If the amplifier is operating at
room temperature, determine the square mean:

(i) Shot noise current. (4 marks)

(ii) Thermal noise current. (4 marks)



Q8.
A. There are several methods used to introduce controlled amounts of
dopants into semiconductors.

(i) Briefly describe any three of thege doping methods. (6 marks)

(ii) What advantage(s) are derived from doping a pure
semiconductor? (2 mark)

(iii)  Distinguish between an intrinsic and intrinsic-like
semiconductor. (2 marks) "

(iv)  Why is silicon dioxide used as an effective mask or barrier
against impurities in the manufacture of IC's when the raw
material is silicon? (1 mark)

B. Boron is adopant for converting pure silicon to an extrinsic
semiconductor. For boron atoms to diffuse into silicon, the temperature

is maintained at 1000° C, the concentration of boron at the surface of
silicon is maintained at 10" cm ™~ and time for the diffusion process is 1
hour. The total number of dopant atoms per unit area (Q(t)) in a
diffused semiconductor is given by the expression Q(t)=1.13C,+v/Dt,

where Cg is the surface concentration of dopants, D is the diffusivity of
the dopants in silicon and t is the time of diffusion.

i. The diffusion length of boron in silicon. (4, marks)
ii. Total number of dopant atoms per unit area in silicon (4}
marks)
END OF EXAMINATION

LIST OF USEFUL CONSTANTS AND VARIABLES

1. Boltzmann constant =1.38x10 3 JK!

2. Electronic charge =1.602x 107 C

3. 1 electron volt =1.602x107°J

4. Room temperature =27°C

5. Silicon intrinsic carrier concentration =1.5x10"m™ at room
temperature

6. Gallium phosphide energy gap = 2.24 eV at room temperature

7. Silicon energy gap =1.12eV at room temperature & 1.16eV
at 0K

8. Absolute Temperature =-273°C

9. Planck’s constant = 6.63x10*Js

10.  Speed of light =3.0x10%m/s

11. Silicon atom atomic number =14

12.  Electron mobility in silicon =1450 cm2V 1g7!

13.  The diffusion coefficient of boron in silicon = 2x10™"“em’s™

14. Assume room temperature if not specified.
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Q1.
A. Fabrication of modern silicon bipolar junction transistors (BJT's)
employs the planar process in which the device is formed only on one
side of the silicon wafer as shown in figure 01 below.

Ettﬁr i}a

Tumi | | s Silicon
Ag : nt dioxide
10 um ' !
H | n f«tw Epitaxial
M _ 1 layer
n* ,g
e ]

Cm!i&m&m

Figure 01. Sectional view of a planar process n " -p-n silicon bipolar junction
transistor

(i) Describe in detail the processes involved in fabricating the
above BJT. (3 marks)

(ii) Name any two commonly used metals for interconnections in
silicon BJTs and briefly discuss their merits or demerits. (3
marks)

(iii)  In the above BJT what metal would you use for the emitter,
base and collector contacts? Discuss the type of contact
formed in each case. (3 marks)

(iv)  Give any two reasons why silicon dioxide is preferably used in
silicon devices processing? (2 marks)



Q2.

Q3.

An ideal n ™ -p-n transistor has a current gain of 90 and is operated

on a base current of 20 nA. The recombination time of charge

carriers in the base is 0.1ps.

(i) Find the emitter current. (3 marks)

(ii) Determine the time taken by minority carriers to cross the
base region. (3 marks)

(iii)  Determine excess minority charge in the base. (3 marks)

The concept of crystal formation is central in the development

semiconductor electronics.

(i) Discuss forces. that hold atoms in their respect positions to
form the crystal structure? (3 marks)

(i) Discuss any two important bonds in electronic engineering
materials naming an example for each case. (3 marks)

(ii) Briefly discuss the origins and nature of any two types of
charge carrier scattering in a semiconductor crystal. (4
marks)

When doping silicon, both acceptor and donor impurities may be
added until the desired semiconductor composition is obtained.
Calculate the majority and minority carrier concentrations at room
temperature in silicon doped with the following impurities: (Assume
all impurities are ionised and clearly state the type of semiconductor

obtained. Ny and N,are donor and acceptor impurity atom
concentrations respectively).

@ Ny=10%em™>, N,=10cm™> (Y, marks)
d a

i) Nyg=10¥em3, N.=10¥m3 (2 Y, marks)
d a

Gii) Nyg=10em™>, N,=10"%cm3 (2Y, marks)

(ivv Ng=0, N,=0 (2, marks)

Operation of optoelectronic devices is based on interaction of light

energy with electrons.

(i) Name three devices in which light is absorbed to produce an
electrical output and three devices in which light is generated
due to an electrical input. (3 marks)

(ii) A photodiode is a p-n junction diode cased in a transparent
cover. Detail the construction of a basic p-n junction
photodiode and describe its operation. (3 marks)

(iii)  Differentiate between a p-n and a p-i-n photodiode. 2y
marks)

(iv)  How can a photodiode be operated as a solar cell? 2y
marks)

v) Describe the construction and operation of a basic direct-
coupled optoisolator.(3 marks)



Q4.

Qs.

Wheh_ a semiconductor is illuminated with light, there exists a

minimum frequency of the incident radiation at which electron-hole

pairs are generated. This minimum frequency at which charge

cdrrier are produced can be related to a maximum limiting

‘wavelength known as threshold.

() Derive an expression for threshold wavelength (3. marks)

(ii) Determine threshold wavelength for the compound
semiconductor gallium phosphlde ‘at‘ room temperature 3
marks)

Silicon is the most widely used raw material for manufacture of
present day electronic devices and this eptomlsed by so many
'Silicon Valleys and Parks' worldwide.

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

(ii) Determine the electronic configuration of a silicon atom.

(1 mark)

(iii) Using the electronic configuration obtained in (ii) above,
explain the formation of energy bands in a silicon crystal
composed of X number of atoms where X is a very large
number. (5 marks)

(iv)  Using the concept developed in (iii), describe a metallic
conductor, semiconductor and insulator. (1Y, marks)

In a pure silicon crystal specimen:

(i) Discuss conditions that determine whether electrons obey
Fermi-Dirac and Maxwell-Boltzmann statistics. (4, marks)

(ii) Determine chances of a Fermi-Dirac electron and Maxwell-
Boltzmann electron appearing in the conduction band at
room temperature. (3 Y, marks)

(iii) Compare the nature of conduction in metals with that taking
place in semiconductors. (2 marks)

Briefly discuss the following:

(i) The concept and consequence of effect mass of charge
carriers in a semiconductor. (2 marks)

(i) Drift current in a semiconductor specimen to which an
external a low electric field is applied. (2 marks)

(iii)  Origin and nature of diffusion current in a semiconductor
specimen. (2 marks)

v) Any three commonly used semiconductors in respect of their
production methods and device fabrication suitability.
(6 marks)

Electrons are injected into one end of a bar of p-type silicon at room
temperature. The initial concentration of excess electrons is

102*m™> and their lifetime in silicon is 10us. Determine the
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Q7.

distance along the bar at which the minority carrier concentration
drops to half its equilibrium value. (8 marks)

A bipolar junction transistor (BJT) has several modes of operation

subject to certain conditions. For a p * -n-p transistor:

(i) Identify all the modes of operation and state junction(s)
biasing polarities. (4 marks)

(ii)  Detail or describe the electron and hole current components
in the emitter, base and collector regions when the BJT is in
transistor action. (5 marks)

(iii) It is given that P , is the equilibrium minority carrier
concentration in the neutral (or field free) base region whose
width W is defined by 0 <x<W. Determine minority

carrier concentration P, (X) as a function of biasing voltage

and operating temperature at the base boundary x = 0 and x
= W, for all modes identified at (i) above. (4 marks)

A silicon p+-n-p transistor has impurity concentrations of

5x 1018cm_3, 10%cm ™3 and 105 e¢m ™3 in the emitter, base and

collector regions respectively. The transistor is operated at room

temperature with the emitter-base junction forward biased to 0.5V

and base-collector junction reverse biased to 5V. Calculate:

(i) The equilibrium minority carrier concentrations in the
emitter, base and collector. (3 marks)

(ii) The minority carrier concentration at the edge of emitter-
base junction. (2 marks)

(iii) The minority carrier concentration at the edge of the
collector-base junction. (2 marks)

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

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

(iii)  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 6k operates at a current of
4mA over a bandwidth of 10 MHz. If the amplifier is operating at
room temperature, determine the square mean:

(i) Shot noise current. (4 marks)

(ii) Thermal noise current. (4 marks)



Qs.
A. There are several methods used to introduce controlled amounts of
dopants into semiconductors.
(i) Briefly describe any three of thege doping methods. (6 marks)
(i)  What advantage(s) are derived from doping a pure
semiconductor? (2 mark)

(iii)  Distinguish between an intrinsic and intrinsic-like
semiconductor. (2 marks) "
(iv)  Why is silicon dioxide used as an effective mask or barrier

against impurities in the manufacture of IC's when the raw
material is silicon? (1 mark)

B. Boron is adopant for converting pure silicon to an extrinsic
semiconductor. For boron atoms to diffuse into silicon, the temperature

is maintained at 1000° C, the concentration of boron at the surface of
silicon is maintained at 10"’ cm™ and time for the diffusion process is 1
hour. The total number of dopant atoms per unit area (Q(t)) in a
diffused semiconductor is given by the expression Q(t)=1.13C,vDt,

where C; is the surface concentration of dopants, D is the diffusivity of
the dopants in silicon and t is the time of diffusion.

i. The diffusion length of boron in silicon. (4, marks)
ii. Total number of dopant atoms per unit area in silicon (4
marks)

END OF EXAMINATION

LIST OF USEFUL CONSTANTS AND VARIABLES

1. Boltzmann constant =1.38x107 2 JK!

2. Electronic charge =1.602x107C

3. 1 electron volt =1.602x107°J

4, Room temperature =27°C

5. Silicon intrinsic carrier concentration =1.5x10m™ at room
temperature

6. Gallium phosphide energy gap = 2.24 eV at room temperature

7. Silicon energy gap = 1.12eV at room temperature & 1.16eV
at 0K

8. Absolute Temperature =-273°C

9. Planck’s constant = 6.63x1074Js

10.  Speed of light =3.0x10%m/s

11. Silicon atom atomic number =14

12.  Electron mobility in silicon =1450 cm?V g1

13.  The diffusion coefficient of boron in silicon = 2x10“em’s™

14. Assume room temperature if not specified.
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Q1.

A. Fabrication of modern silicon bipolar junction transistors (BJT's)

employs the planar process in which the device is formed only on one
side of the silicon wafer as shown in figure 01 below.

E%tmr ha

-Gilicon

dioxide

n +-— Epitaxial

layer

Cotlector

Figure 01. Sectional view of a planar process n N -p-n silicon bipolar junction

transistor

(i)
(i)

(iii)

(iv)

Describe in detail the processes involved in fabricating the
above BJT. (3 marks)

Name any two commonly used metals for interconnections in
silicon BJTs and briefly discuss their merits or demerits. (3
marks)

In the above BJT what metal would you use for the emitter,
base and collector contacts? Discuss the type of contact
formed in each case. (3 marks)

Give any two reasons why silicon dioxide is preferably used in
silicon devices processing? (2 marks)



Q2.

Q3.

An ideal n* -p-n transistor has a current gain of 90 and is operated

on a base current of 20 pA. The recombination time of charge

carriers in the base is 0.1ps.

(i) Find the emitter current. (3 marks)

(ii) Determine the time taken by Minority carriers to cross the
base region. (3 marks)

(iii)  Determine excess minority charge in the base. (3 marks)

The concept of crystal formation is central in the development

semiconductor electronics.

(i) Discuss forces that hold atoms in their respect positions to
form the crystal structure? (3 marks)

(ii) Discuss any two important bonds in electronic engineering
materials naming an example for each case. (3 marks)

(ii) Briefly discuss the origins and nature of any two types of
charge carrier scattering in a semiconductor crystal. (4
marks)

When doping silicon, both acceptor and donor impurities may be
added until the desired semiconductor composition is obtained.
Calculate the majority and minority carrier concentrations at room
temperature in silicon doped with the following impurities: (Assume
all impurities are ionised and clearly state the type of semiconductor

obtained. Ny and Nj,are donor and acceptor impurity atom
concentrations respectively).

0 Ny=10%ecm™>, N, =10em™> (2Y, marks)
d a

) Ny=10%em>, N,=10"cm™3 (2Y, marks)
d a

i) Ny=10em™>, N,=10"%em™ (2Y, marks)

ivy N4g=0, N,= (2 Y, marks)

Operation of optoelectronic devices is based on interaction of light

energy with electrons.

(i) Name three devices in which light is absorbed to produce an
electrical output and three devices in which light is generated
due to an electrical input. (3 marks)

(i) A photodiode is a p-n junction diode cased in a transparent
cover. Detail the construction of a basic p-n junction
photodiode and describe its operation. (3 marks)

(iii)  Differentiate between a p-n and a p-i-n photodiode. (24
marks)

(iv)  How can a photodiode be operated as a solar cell? (2
marks)

V) Describe the construction and operation of a basic direct-
coupled optoisolator.(3 marks)
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" B.

- wavelength known as threshold.

When a semiconductor is illuminated with light, there exists a

minimum frequency of the incident radiation at which electron-hole

pairs are generated. This minimum frequency at which charge

carrier are produced can be related 40 a maximum limiting

»

() Derive an expression for threshold wavelength. (3 marks)

(ii) Determine threshold wavelength for the compound
semiconductor gallium phosphide at room temperature. (3
" marks) )

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) : Briefly discuss quantum numbers that completely describe

the electronic structure of a silicon atom and state the
limiting principle. (2%, marks)

(ii) Determine the electronic configuration of a silicon atom.

(1 mark)

(iii) Using the electronic configuration obtained in (ii) above,
explain the formation of energy bands in a silicon crystal
composed of X number of atoms where X is a very large
number. (5 marks)

(iv)  Using the concept developed in (iii), describe a metallic
conductor, semiconductor and insulator. (1Y, marks)

In a pure silicon crystal specimen:

(i) Discuss conditions that determine whether electrons obey
Fermi-Dirac and Maxwell-Boltzmann statistics. (4}, marks)

(ii) Determine chances of a Fermi-Dirac electron and Maxwell-
Boltzmann electron appearing in the conduction band at
room temperature. (3, marks)

(iii) Compare the nature of conduction in metals with that taking
place in semiconductors. (2 marks)

Briefly discuss the following:

(i) The concept and consequence of effect mass of charge
carriers in a semiconductor. (2 marks)

(ii) Drift current in a semiconductor specimen to which an
external a low electric field is applied. (2 marks)

(iii) Origin and nature of diffusion current in a semiconductor
specimen. (2 marks)

v) Any three commonly used semiconductors in respect of their
production methods and device fabrication suitability.
(6 marks)

Electrons are injected into one end of a bar of p-type silicon at room
temperature. The initial concentration of excess electrons is

102*m™ and their lifetime in silicon is 10us. Determine the
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distance along the bar at which the minority carrier concentration
drops to half its equilibrium value. (8 marks)

A bipolar junction transistor (BJT) has several modes of operation

subject to certain conditions. For a p * -n-p transistor:

(i) Identify all the modes of operation and state junction(s)
biasing polarities. (4 marks)

(ii) Detail or describe the electron and hole current components
in the emitter, base and collector regions when the BJT is in
transistor action. (5 marks)

(iii) It is given that P,  is the equilibrium minority carrier
concentration in the neutral (or field free) base region whose
width W is defined by 0 <x<W. Determine minority

carrier concentration P, (X) as a function of biasing voltage

and operating temperature at the base boundary x = 0 and x
= W, for all modes identified at (i) above. (4 marks)

P + . . . .
A silicon p’-n-p transistor has impurity concentrations of

S5x 1018cm_3, 10"%cm ™ and 10 em 3 in the emitter, base and

collector regions respectively. The transistor is operated at room

temperature with the emitter-base junction forward biased to 0.5V

and base-collector junction reverse biased to 5V. Calculate:

(i) The equilibrium minority carrier concentrations in the
emitter, base and collector. (3 marks)

(ii) The minority carrier concentration at the edge of emitter-
base junction. (2 marks)

(iii) The minority carrier concentration at the edge of the
collector-base junction. (2 marks)

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

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

(iii) 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 6kQ operates at a current of
4mA over a bandwidth of 10 MHz. If the amplifier is operating at
room temperature, determine the square mean:

(i) Shot noise current. (4 marks)

(ii) Thermal noise current. (4 marks)



Qs8.
A. There are several methods used to introduce controlled amounts of
dopants into semiconductors.

) Briefly describe any three of thesg doping methods. (6 marks)

(ii) What advantage(s) are derived from doping a pure
semiconductor? (2 mark)

(iii)  Distinguish between an intrinsic and intrinsic-like
semiconductor. (2 marks) ‘

(iv)  Why is silicon dioxide used as an effective mask or barrier
against impurities in the manufacture of IC's when the raw
material is silicon? (1 mark)

B. Boron is adopant for converting pure silicon to an extrinsic
semiconductor. For boron atoms to diffuse into silicon, the temperature

is maintained at 1000°C, the concentration of boron at the surface of
silicon is maintained at 10’°cm ™ and time for the diffusion process is 1
hour. The total number of dopant atoms per unit area (Q(t)) in a
diffused semiconductor is given by the expression Q(t)=1.13C v/ Dt,

where C is the surface concentration of dopants, D is the diffusivity of
the dopants in silicon and t is the time of diffusion.

i. The diffusion length of boron in silicon. (4}, marks)
il Total number of dopant atoms per unit area in silicon (4},
marks)

END OF EXAMINATION

LIST OF USEFUL CONSTANTS AND VARIABLES

1. Boltzmann constant =1.38x10° 2 JK!

2. Electronic charge =1.602x107YC

3. 1 electron volt =1.602x107°J

4. Room temperature =27°C

5. Silicon intrinsic carrier concentration =1.5x 10°m™>  at room
temperature

6. Gallium phosphide energy gap = 2.24 eV at room temperature

7. Silicon energy gap =1.12eV at room temperature & 1.16eV
at 0K

8. Absolute Temperature = -273°C

9. Planck’s constant = 6.63x10734Js

10.  Speed of light =3.0x10%m/s

11. Silicon atom atomic number =14

12.  Electron mobility in silicon =1450 cm?V g1

13.  The diffusion coefficient of boron in silicon = 2x107“em’*s™

14. Assume room temperature if not specified.
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Ql.
A. Fabrication of modern silicon bipolar junction transistors (BJT's)
employs the planar process in which the device is formed only on one
side of the silicon wafer as shown in figure 01 below.

Erqé,tmr ma }.

1 um -— Silicon
dioxide
10 pum ;-
H i n é*“ Epitaxial
4 | layer
nt v

Collector
Figure 01. Sectional view of a planar process n * -p-n silicon bipolar junction
transistor
(i) Describe in detail the processes involved in fabricating the

above BJT. (3 marks)

(ii) Name any two commonly used metals for interconnections in
silicon BJTs and briefly discuss their merits or demerits. (3
marks)

(iii) In the above BJT what metal would you use for the emitter,
base and collector contacts? Discuss the type of contact
formed in each case. (3 marks)

(iv)  Give any two reasons why silicon dioxide is preferably used in
silicon devices processing? (2 marks)
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An ideal n " -p-n transistor has a current gain of 90 and is operated

on a base current of 20 pA. The recombination time of charge

carriers in the base is 0.1ps.

(i) Find the emitter current. (3 marks)

(ii) Determine the time taken byaminority carriers to cross the
base region. (3 marks)

(iii)  Determine excess minority charge in the base. (3 marks)

The concept of crystal formation is central in the development

semiconductor electronics.

(i) Discuss forces that hold atoms in their respect positions to
form the crystal structure? (3 marks)

(ii) Discuss any two important bonds in electronic engineering
materials naming an example for each case. (3 marks)

(ii) Briefly discuss the origins and nature of any two types of
charge carrier scattering in a semiconductor crystal. (4
marks)

When doping silicon, both acceptor and donor impurities may be
added until the desired semiconductor composition is obtained.
Calculate the majority and minority carrier concentrations at room
temperature in silicon doped with the following impurities: (Assume
all impurities are ionised and clearly state the type of semiconductor

obtained. Ny and N,are donor and acceptor impurity atom
concentrations respectively).

i Ny=10%em™>, N.=10em™ (2 Y, marks)
d a

i Ng=10"m>, N,=102cm™> (2Y, marks)

i) Nyg=10cm™>, N,=10"em™> (2 Y, marks)

(ivy Nyg=0, N,=0 (2 Y, marks)

Operation of optoelectronic devices is based on interaction of light

energy with electrons.

(i) Name three devices in which light is absorbed to produce an
electrical output and three devices in which light is generated
due to an electrical input. (3 marks)

(i) A photodiode is a p-n junction diode cased in a transparent
cover. Detail the construction of a basic p-n junction
photodiode and describe its operation. (3 marks)

(i)  Differentiate between a p-n and a p-i-n photodiode. Yy
marks)

(iv)  How can a photodiode be operated as a solar cell? 2y
marks)

v) Describe the construction and operation of a basic direct-
coupled optoisolator.(3 marks)
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When a semiconductor is illuminated with light, there exists a
minimum frequency of the incident radiation at which electron-hole
pairs are generated. This minimum frequency at which charge
carrier are produced can be related to a maximum limiting

wavelength known as threshold. -

.(i)y  Derive an expression for threshold wavelength. (3 marks)

(ii)  Determine threshold wavelength for the compound
semiconductor gallium phosphide at room temperature. (3
marks) ’

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

(ii) Determine the electronic configuration of a silicon atom.

(1 mark)

(iii) Using the electronic configuration obtained in (ii) above,
explain the formation of energy bands in a silicon crystal
composed of X number of atoms where X is a very large
number. (5 marks)

(iv)  Using the concept developed in (iii), describe a metallic
conductor, semiconductor and insulator. (1Y, marks)

In a pure silicon crystal specimen:

(i) Discuss conditions that determine whether electrons obey
Fermi-Dirac and Maxwell-Boltzmann statistics. (4}, marks)

(ii) Determine chances of a Fermi-Dirac electron and Maxwell-
Boltzmann electron appearing in the conduction band at
room temperature. (3}, marks)

(iii) Compare the nature of conduction in metals with that taking
place in semiconductors. (2 marks)

Briefly discuss the following:

(i) The concept and consequence of effect mass of charge
carriers in a semiconductor. (2 marks)

(ii) Drift current in a semiconductor specimen to which an
external a low electric field is applied. (2 marks)

(iii)  Origin and nature of diffusion current in a semiconductor
specimen. (2 marks)

(v) Any three commonly used semiconductors in respect of their
production methods and device fabrication suitability.
(6 marks)

Electrons are injected into one end of a bar of p-type silicon at room
temperature. The initial concentration of excess electrons is

102*m™> and their lifetime in silicon is 10ps. Determine the
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distance along the bar at which the minority carrier concentration
drops to half its equilibrium value. (8 marks)

A bipolar junction transistor (BJT) has several modes of operation

subject to certain conditions. For a p * -n-p transistor:

(i) Identify all the modes of operation and state junction(s)
biasing polarities. (4 marks) .

(ii) Detail or describe the electron and hole current components
in the emitter, base and collector regions when the BJT is in
transistor action. (5 marks)

(i) It is given that P  is the equilibrium- minority carrier
concentration in the neutral (or field free) base region whose
width W is defined by 0 <x<W. Determine minority

carrier concentration P (X) as a function of biasing voltage

and operating temperature at the base boundary x = 0 and x
=W, for all modes identified at (i) above. (4 marks)

A silicon p+-n-p transistor has impurity concentrations of

5x10'8 cm_3, 10" cm ™ and 10" cm 3 in the emitter, base and

collector regions respectively. The transistor is operated at room

temperature with the emitter-base junction forward biased to 0.5V

and base-collector junction reverse biased to 5V. Calculate:

(i) The equilibrium minority carrier concentrations in the
emitter, base and collector. (3 marks)

(ii) The minority carrier concentration at the edge of emitter-
base junction. (2 marks)

(iii) The minority carrier concentration at the edge of the
collector-base junction. (2 marks)

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

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

(iii)  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 6kQ operates at a current of
4mA over a bandwidth of 10 MHz. If the amplifier is operating at
room temperature, determine the square mean:

(i) Shot noise current. (4 marks)

(ii) Thermal noise current. (4 marks)
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A o

SR

10.
11.
12.

13.
14.

A. There are several methods used to introduce controlled amounts of
dopants into semiconductors.

(i) Briefly describe any three of thesg doping methods. (6 marks)

(i) What advantage(s) are derived from doping a pure
semiconductor? (2 mark)

(iii) Distinguish between an intrinsic and intrinsic-like
semiconductor. (2 marks) )

(iv)  Why is silicon dioxide used as an effective mask or barrier
against impurities in the manufacture of IC's when the raw
material is silicon? (1 mark)

B. Boron is adopant for converting pure silicon to an extrinsic
semiconductor. For boron atoms to diffuse into silicon, the temperature

is maintained at 1000°C, the concentration of boron at the surface of
silicon is maintained at 10" ¢em™ and time for the diffusion process is 1
hour. The total number of dopant atoms per unit area (Q(t)) in a
diffused semiconductor is given by the expression Q(t)=1.13C,+/Dt,

where C; is the surface concentration of dopants, D is the diffusivity of
the dopants in silicon and t is the time of diffusion.

i The diffusion length of boron in silicon. (4}, marks)
il Total number of dopant atoms per unit area in silicon (4}
marks)

END OF EXAMINATION

LIST OF USEFUL CONSTANTS AND VARIABLES

Boltzmann constant =1.38x107 2 JK!

Electronic charge =1.602x107C

1 electron volt =1.602x107%J

Room temperature =27°C

Silicon intrinsic carrier concentration =1.5x10"m™ at room
temperature

Gallium phosphide energy gap = 2.24 eV at room temperature

Silicon energy gap = 1.12eV at room temperature & 1.16eV
at 0K

Absolute Temperature =-273°C

Planck’s constant = 6.63x10>4Js

Speed of light =3.0x108m/s

Silicon atom atomic number =14

Electron mobility in silicon =1450 cm 2V 17!

The diffusion coefficient of boron in silicon = 2x10“cm’s™

Assume room temperature if not specified.
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A. Fabrication of modern silicon bipolar junction transistors (BJT's)
employs the planar process in which the device is formed only on one
side of the silicon wafer as shown in figure 01 below.

_Emitter base

vvvvvv Silicon
dioxide

n - Epitaxial

layer

Ci:zi’imtm

Figure 01. Sectional view of a planar process n * -p-n silicon bipolar junction

transistor

()
(i)

(iii)

(iv)

Describe in detail the processes involved in fabricating the
above BJT. (3 marks)

Name any two commonly used metals for interconnections in
silicon BJTs and briefly discuss their merits or demerits. (3
marks)

In the above BJT what metal would you use for the emitter,
base and collector contacts? Discuss the type of contact
formed in each case. (3 marks)

Give any two reasons why silicon dioxide is preferably used in
silicon devices processing? (2 marks)
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An ideal n " -p-n transistor has a current gain of 90 and is operated

on a base current of 20 nA. The recombination time of charge

carriers in the base is 0.1ps.

(i) Find the emitter current. (3 marks)

(ii) Determine the time taken by nfinority carriers to cross the
base region. (3 marks)

(iii)  Determine excess minority charge in the base. (3 marks)

The concept of crystal formation is central in the development

semiconductor electronics. ‘

(i) Discuss forces that hold atoms in their respect positions to
form the crystal structure? (3 marks)

(ii) Discuss any two important bonds in electronic engineering
materials naming an example for each case. (3 marks)

(ii) Briefly discuss the origins and nature of any two types of
charge carrier scattering in a semiconductor crystal. (4
marks)

When doping silicon, both acceptor and donor impurities may be
added until the desired semiconductor composition is obtained.
Calculate the majority and minority carrier concentrations at room
temperature in silicon doped with the following impurities: (Assume
all impurities are ionised and clearly state the type of semiconductor

obtained. Ny and N,are donor and acceptor impurity atom
concentrations respectively).

@ Ng=108em™>, N,=10em™ (2Y, marks)

i Ng=10"em>>, N,=10"cm™> (2, marks)

Gii) Ny=10em>, N,=10%cm>3 (2Y, marks)
d a

iv) Ng=0, N,=0 (2Y, marks)

Operation of optoelectronic devices is based on interaction of light

energy with electrons.

(i) Name three devices in which light is absorbed to produce an
electrical output and three devices in which light is generated
due to an electrical input. (3 marks)

(ii) A photodiode is a p-n junction diode cased in a transparent
cover. Detail the construction of a basic p-n junction
photodiode and describe its operation. (3 marks)

(iii)  Differentiate between a p-n and a p-i-n photodiode. 2y
marks)

(iv)  How can a photodiode be operated as a solar cell? Yy
marks)

v) Describe the construction and operation of a basic direct-
coupled optoisolator.(3 marks)
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‘ When a semiconductor is illuminated with light, there exists a
g mlnlmum frequency of the incident radiation at which electron- hole

palrs ar¢ generated. This minimum frequency at which charge
carrier are produced can be related to a maximum limiting
Wav_elength known as threshold

."(i)";- Derive an expressnon “for threshold wavelength. (3 marks)
- (i) Determlne threshold wavelength for the compound

seﬁncomiuctor galllum phqsphlde at room temperature. (3

iy A : v

= Slll‘con 1s the nmst w1dely used raﬁ’y materlal for, manufacture of

present day electronic devnces an_d this - eptomlsed by so many

. 'Silicon Valleys and Parks' worldwide.

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

(ii) Determine the electronic configuration of a silicon atom.

b (1 mark)

(ili) .Using the electronic configuration obtained in (ii) above,
explain the formation of energy bands in a silicon crystal
composed of X number of atoms where X is a very large
number. (5 marks)

(iv) Using the concept developed in (iii), describe a metallic
conductor, semiconductor and insulator. (1Y, marks)

In a pure silicon crystal specimen:

(i) Discuss conditions that determine whether electrons obey
Fermi-Dirac and Maxwell-Boltzmann statistics. (4}, marks)

(ii) Determine chances of a Fermi-Dirac electron and Maxwell-
Boltzmann electron appearing in the conduction band at
room temperature. (31, marks)

(ili) Compare the nature of conduction in metals with that taking
place in semiconductors. (2 marks)

Briefly discuss the following:

(i) The concept and consequence of effect mass of charge
carriers in a semiconductor. (2 marks)

(ii) Drift current in a semiconductor specimen to which an
external a low electric field is applied. (2 marks)

(iii)  Origin and nature of diffusion current in a semiconductor
specimen. (2 marks)

v) Any three commonly used semiconductors in respect of their
production methods and device fabrication suitability.
(6 marks)

Electrons are injected into one end of a bar of p-type silicon at room
temperature. The initial concentration of excess electrons is

10241;1_3 and their lifetime in silicon is 10us. Determine the
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distance along the bar at which the minority carrier concentration
drops to half its equilibrium value. (8 marks)

A bipolar junction transistor (BJT) has several modes of operation

subject to certain conditions. For a p * -n-p transistor:

(i) Identify all the modes of operation and state junction(s)
biasing polarities. (4 marks) .

(ii) Detail or describe the electron and hole current components
in the emitter, base and collector regions when the BJT is in
transistor action. (5 marks)

(iii) Tt is given that P is the equilibrium minority carrier
concentration in the neutral (or field free) base region whose
width W is defined by 0 <x<W. Determine minority

carrier concentration P, (X) as a function of biasing voltage

and operating temperature at the base boundary x = 0 and x
= W, for all modes identified at (i) above. (4 marks)

A silicon p+-n-p transistor has impurity concentrations of

5x10%cm _3, 10" cm > and 10 em 3 in the emitter, base and

collector regions respectively. The transistor is operated at room

temperature with the emitter-base junction forward biased to 0.5V

and base-collector junction reverse biased to 5V. Calculate:

(i) The equilibrium minority carrier concentrations in the
emitter, base and collector. (3 marks)

(ii) The minority carrier concentration at the edge of emitter-
base junction. (2 marks)

(iii) The minority carrier concentration at the edge of the
collector-base junction. (2 marks)

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

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

(iii) 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 6kQ operates at a current of
4mA over a bandwidth of 10 MHz. If the amplifier is operating at
room temperature, determine the square mean:

(i) Shot noise current. (4 marks)

(ii) Thermal noise current. (4 marks)
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10.
11.

12.

13.
14.

A. There are several methods used to introduce controlled amounts of
dopants into semiconductors.
(i) Briefly describe any three of these doping methods. (6 marks)
(ii) What advantage(s) are derived from doping a pure
semiconductor? (2 mark)
(ili)  Distinguish between an intrinsic and intrinsic-like
semiconductor. (2 marks)
(iv)  Why is silicon dioxide used as an effective mask or barrier
against impurities in the manufacture of IC's when the raw
material is silicon? (1 mark)

B. Boron is adopant for converting pure silicon to an extrinsic
semiconductor. For boron atoms to diffuse into silicon, the temperature

is maintained at 1000°C, the concentration of boron at the surface of
silicon is maintained at 10’ cm™ and time for the diffusion process is 1
hour. The total number of dopant atoms per unit area (Q(t)) in a
diffused semiconductor is given by the expression Q(t) =1.13C,vDt,

where Cq is the surface concentration of dopants, D is the diffusivity of
the dopants in silicon and t is the time of diffusion.

i. The diffusion length of boron in silicon. (4}, marks)
ii. Total number of dopant atoms per unit area in silicon (4}
marks)
END OF EXAMINATION

LIST OF USEFUL CONSTANTS AND VARIABLES

Boltzmann constant -1.38x1072JK!

Electronic charge =1.602x107YC

1 electron volt =1.602x107°J

Room temperature =27°C

Silicon intrinsic carrier concentration =1.5x 10°m™> at room
temperature

Gallium phosphide energy gap = 2.24 eV at room temperature

Silicon energy gap =1.12eV at room temperature & 1.16eV
at 0K

Absolute Temperature =-273°C

Planck’s constant = 6.63x107>*Js

Speed of light =3.0x10%m/s

Silicon atom atomic number =14

Electron mobility in silicon =1450 cm2V 171

The diffusion coefficient of boron in silicon = 2x10*cm’s™

Assume room temperature if not specified.
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1.

a) Compare the average transmitter power and channel bandwidth requirements of DSB, SSB,
and AM schemes for transmitting an audio signal with a bandwidth of /0 kHz with a
destination signal-to- noise ratio of 50 dB. Assume that channel introduces a 50 dB power loss
and that the noise power spectral density at the receiver input is / 072 watt/Hz. Assume mS,=
0.5 for AM. (10 marks)

b) Compare the transmitted power and bandwidth requirements of an FM system, an AM
system, and a DSB system designed to produce (S/N)s = 60 dB. The message signal is a video
signal with the following characteristics:

max|X()| = 1, E{X’®)} = 0.5, and f, = 5 MHz
Assume that the channel noise has a psd (0.5)(1 0"'*) watt/Hz and that the channel introduces a
60-dB power attenuation. Assume a modulation index of 100% for the AM and a deviation
ratio of 5 for the FM. (10 marks)

a) Define standing waves on a transmission line. (2 marks)
b) With the help of diagrams illustrate the difference between standing waves on a short-
circuited transmission line and that of standing waves on an open-circuited transmission line.
(4 marks)
¢) A transmission line has a reflection coefficient of 0.6. Calculate the SWR. (2 marks)
d) State and briefly explain three major types of energy loss that occur in a transmission line.

(6 marks)
e) Draw the electrical equivalent of a transmission line and that of a lossless transmission line.
And each of these, state their characteristic impedance. (4 marks)

f) Given a lossless transmission line with inductive and capacitive values of 0.1 uH/m and
100 pF/m, calculate the characteristic impedance. (2 marks)



3.

a) An AM waveform is shown in Figure 1. Assume the message signal is sinusoidal.
(i) Calculate the modulation index, m, and the percentage of modulation, . (2 marks)
(ii) Calculate the carrier power (P.), sideband power (Py,), total power (Py) and power

efficiency (¢). (8 marks)
(iii) State how you can avoid envelope distortion. o (2 marks)
Xe(t) A
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Figure 1. AM waveform

b)
(i) The AM signal v(1)= (1+mcos w, t)cosw,t, with m a constant (m <1), is applied to the diode

demodulator called envelope detector. If the demodulator is to follow the envelope at all times,
derive a general expression for the maximum RC product the detector should have in order to

demodulate without distortion for a given m. - (6 marks)
(i) If m = 0.8, R = 1kQ2and C = 62.5pF, determine the maximum frequency of modulating signal
that would be demodulated without distortion. (2 marks)

4.

(a) A 20 MHz carrier is frequency modulated by a sinusoidal signal such that the peak frequency
deviation is 100 kHz. Determine the modulation index,f, (and state either NBFM or WBFM)
and the approximate bandwidth of the FM signal if the frequency of the modulating signal is:

(i)1 kHz; (3 marks)
(ii) 50 kHz; (3 marks)
(iii) 500 kHz. ' (4 marks)
(b) For an FM wave represented by the voltage equation v(f) = 10sin(8 x 108 + 7sin 6 x 10“:‘)
determine:
(i) The carrier frequency, fc. (2 marks)
(ii) The modulating frequency, f. (2 marks)
(iii) The modulation index,f. (2 marks)
(iv) The maximum deviation, f, . (2 marks)
(v) The power dissipated in an 8 Q2 load. (2 marks)

5.
a) Consider an audio signal comprised of the sinusoidal term

2



s(t) = 3co0s 5007
(i) Find the signal to quantization noise ratio when this is quantizatized using 10-bit PCM

(4 marks)
(ii)How many bits of quantization are needed to achieve a signal to quantization noise ratio of at
least 40 dB? (4 marks)

»
b) |

(i) Amplitude shift keying (ASK) is to be used to transmit binary data with a given value of
carrier amplitude, 4, and noise power per hertz, N,. Prove that a modulation index of m = [
yields the minimum bit error rate. _ "' (6 marks)

(ii) Binary information is transmitted at 10 kbps using on-off keying (OOK). The carrier
frequency is 10 MHz, and the received carrier amplitude is 107 V. The additive noise power
is 5 x 107" W/Hz. Design a coherent detector and find the bit error rate. (6 marks)

6.
a)
(i) Determine the spacing required for parallel wire transmission line if the wire size is 0.01 cm
and the characteristic impendence is 150 (2.. (3 marks)
(ii) State briefly why the design for a characteristic impedance of /50 £2 in part (1),isnota
practical configuration. Explain how to accomplish the/50 2 impedance. (3 marks)

b) Given a transmission line with Zy=300 2and a load Z;=(450 —j15 0) £2 Using the Smith Chart
determine the required locations and value of the A/4 section required for impedance matching,
if the signal frequency is 600 MHz, and
ve =3x 10" em/s (14 marks)

7.

a) For AM signals, the percentage of total power that conveys information is used as a measure of
power efficiency. Show that the maximum efficiency for an arbitrary signal x(?) is 50% and that
the maximum efficiency for a sine wave message signal is 33.3%. (4 marks)

b) A commercial AM station is broadcasting with an average transmitted power of 10 kW. The
modulation index is set at 0.707 for a sinusoidal message signal. Find the transmission power
efficiency and the average power in the carrier component of the transmitted signal. (8 marks)

¢) State and briefly explain five advantages of using modulated signals for information

transmission. (4 marks)
d) With the help of a block diagram describe the elements of a communication system. State five
transmission channels commonly used. (4 marks )



8.
a) State the sampling theorem and Nyquist sampling rate. If voice signal has 4kHz as a maximum

frequency what will be its Nyquist sampling rate. (6 marks)
b) Assume that the band-limited function
sin 207t
x(t) = -

is sampled at /9 samples/second. The sampling function is a unit height pulse train with pulse
widths of I msec. The waveform forms the input to a low-pass filter with cut-off frequency of
10 Hz, as illustrated in Figure 2. Find the output of the low-pass filter and compare this with the

original x(?). (10 marks)
¢) State advantages and disadvantages of Pulse Amplitude Modulation (PAM) over both Pulse
Width Modulation (PWM) and Pulse Position Modulation (PPM). (4 marks)
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Figure 2
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Ql.

Q2.

(a)

(b)

(c)

)

(a)

(b)

()

What are energy and power signals? How do you classify different systems?
What are the different systems?

Discuss a frequency domain mode! for an aperiodic power signal x(t).
Show the detailed derivation of its power spectral density. What is
Wiener-Khintchine Theorem?

The input to a binary communication system, denoted by a random variable X,

takes on one of two values 0 or 1 with probabilities 2/3 and 1/3, respectively. Due to
errors caused by noise in the system, the output Y differs from the input X
occassionally. The behaviour of the communication system is modeled by the
conditional probabilities.

P(Y=1|X=1)=3/4 and P( Y=0[X=0)=7/8

Find P(Y=1) and P(Y=0) (i) Find P(X:(J’ Y=0).

[7+7+6]

Introduce Markoff sequence after considering a random processX(t).
What is a homogeneous Markoff sequence?

Discuss briefly the Markoff's statistical model for information sources. Present a
discrete stationary Markoff source in a graph form. The source emits one of three
symbols A, B, C. The state transition and symbol generation can also be illustrated
using a tree diagram. Draw the tree diagram for the source. Show the procedure
for calculating the probability of generating various symbol sequences taking an
example, say the symbol sequence AB. Make any necessary assumptions.

Consider a telegraph source having two symbols, dot and dash. The dot

duration is 0.2 second. The dash duration is 4 times the dot duration. The
probability of dot's occurring is twice that of the dash, and the time between symbols
is 0.3 second. Calculate the entropy and the information rate of the telegraph

source.

[5+9+6]

(CONTINUED IN PAGE 2)
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Q3. (a) A discrete source emits one of five symbols once every millisecond. The symbol
probabilities are 1/2, 1/4, 1/8, 1/16, and 1/16, respectively. Find the source entropy and
information rate.

(b) State Shannon-Hartley theorem. Discuss its implications in the design of communication
systems.
(c) A CRT terminal is used to enter alphanumeric data into a computer through a voice

grade telephone line having a usable bandwidth of 3000 Hz and an output S/N ratio of
15. Assume that the terminal has 128 characters and that the data sent from the
terminal consist of independent sequences of equiprobable characters.

(1) Find the capacity of the channel.

(ii) Find the maximum (theoretical) rate at which data can be
transmitted from the terminal to the computer without errors.

[5+7+8]

Q4. (a) What is Hamming distance? Calculate the Hamming distance of a code for
correcting double error. How many errors it can detect?

(b) The generator matrix for a (6,3) block code is given below.

100 110
010 100
001 011

Find the code vectors for the message blocks D = (111)
and D = (001). Show the procedure for the computations.

(c) What do you mean by error syndrome? Show that the syndrome of a
received vector R is zero if R is a valid code vector.

(d)  Calculate the syndrome if the received vector in a (7,4) block code is
R=(1010001). The parity check matrix H is given as

1110 100
H = 1101 010
1011 001

If a single bit is in error, determine which bit?

[4+5+5+6]

(CONTINUED IN PAGE 3)



Q5.

Q6.

Q7.

Q8.

(a)

(b)

(c)

(a)

(b)

(c)

(d)

(a)

(b)
(c)

(PAGE 3)

Show the architecture of the DQDB metropolitan aref network. Discuss
briefly the working of the DQDB network.

Discuss pure and slotted ALOHA protocols. Derive their formulae for throughputs.
Compare them. Indicate clearly their applications.

A group of N stations share a 64-kbps slotted ALOHA channel. Each station outputs a
1000-bit frame on an average of once every100 second, even if the previous one has not
been sent (e.g., the stations are buffered). What is the maximum value of N?

[6+ 8 + 6]

Explain the principles of Pulse Code Modulation (PCM). Draw the block
diagram of a PCM system. Explain the diagram.

What is a T1 carrier? Show a T1 frame in a suitable diagram.

Calculate the total number of bits in the frame and the overall bit rate of
T1 carrier.

What are differential PCM systems? What is delta modulation? What is
the advantage of delta modulation system?

What are T2 , T3, T4 and TS carriers? Show the Bell system TDM-PCM
telephone system.

[6+5+5+4]

Explain 1-persistent CSMA, non-persistent CSMA and p - persistent CSMA
protocols. Compare them. Compare them with ALOHA protocols also. Show the
throughput versus offered load characteristics of all the protocols in a diagram.

Explain CSMA/CD protocol showing its states in a suitable diagram.
Calculate the contention slot width of the CSMA/CD protocol in a 1-km

long coaxial cable when the time for a signal to propagate between the two
farthest stations is 5 psec.

[11+6+3]
Write short notes on any four:
(a) Spread spectrum communication
(b) ASK and FSK
(c) Probability mass function
(d) ISO/OSI and TCP/IP reference models
(e) Client-server model
® Stationarity, Time Averages, and Ergodicity.

[20]

END OF QUESTION PAPER.






