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THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2012 ACADEMIC YEAR FIRST SEMESTER
FINAL EXAMINATIONS

BIO 5011: RESEARCH STATISTICAL METHODS
THEORY PAPER I

TIME: THREE HOURS
INSTRUCTIONS:  ANSWER  ALL QUESTIONS USING THE APPROPRIATE

STATISTICAL ANALYSIS SOFTWARE PROVIDED. USE THE STATISTICAL OUTPUT
ILLUSTRATIONS WHERE NECESSARY.

1. Table 1 contains data on bird species richness from three habitats during different sampling
periods of an ecological monitoring programme in Sioma Ngwezi National Park (SNNP) in
Sesheke District.

Determine whether there are significant differences in bird species richness:
(@) Among different habitats.
(b) During different sampling periods.

Table 1. Bird species richness data from three habitats in Sioma Ngwezi National Park in
Sesheke District.

Riverine Kalahari Sand Mkusi
Sampling period woodland woodland woodland
Baseline 24 28 22
1st spray 14 22 25
2nd spray 33 27 40
3rd spray 40 20 52
4th spray 41 31 33
Sth spray 37 32 45
Post spray 41 34 47
Hot and dry
season 62 49 59
Rainy season 65 48 69
Cool and dry
season 62 45 63

TURN OVER



2. Table 2 shows the results of a controlled green house experiment whose objective was to
investigate the growth (height) of 16 plants of Bidens pilosa in relation to the rate of
transpiration and photosynthesis when the growth was constant and increasing.

Determine the relationship between photosynthesis and transpiration when growth is:
(a) Constant.
(b) Increasing.

Table 2. Rates of transpiration and photosynthesis of Bidens pilosa under constant and

increasing growth.

Rate of transpiration (cm’ of Rate of photosynthesis (grams
water/hour) of glucose/hour)
Plant | Constant Increasing Constant Increasing
1 9.1 10.8 65.4 72.9
2 5.6 5.9 73.7 94.4
3 6.7 7.2 37.4 43.3
4 8.1 7.9 26.3 29
5 16.2 17 65 66.4
6 11.5 11.6 35.2 36.4
7 7.9 8.4 24.7 27.7
8 7.2 10 23 27.5
9 17.7 22.3 133.2 178.2
10 10.5 1.1 384 39.3
11 9.5 11.1 29.2 31.8
12 13.7 11.7 28.3 26.9
13 9.7 9 46.6 45
14 10.5 9.9 61.5 : 58.2
15 6.9 6.3 25.7 25.7
16 18.1 13.9 48.7 42.3

3 The data provided in the Excel® spreadsheet is presence and abundance data of bird species
in Sioma Ngwezi National Park in Sesheke District.
(a) Group the bird species based on their similarity in distribution and abundance using
Agglomerative clustering and the Ward’s Method.
(b) Determine the number of clusters at 75% similarity and discuss membership to the
clusters.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2013 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 5011: RESEARCH STATISTICAL METHODS
THEORY PAPER I

TIME: THREE HOURS

INSTRUCTIONS: ANSWER FIVE QUESTIONS.

1. Four hundred and forty-five (445) university students were classified according to both
their frequency of marijuana use and their parental use of alcohol and psychoactive drugs.
The data collected are summarised in Table 1 below:

Table 1. Classification of university students on the basis of marijuana and alcohol uses.

Student use of Parental use of alcohol and psychoactive drugs
marijuana Both parents Neither parent One parent
Never 17 141 68
Occasionally 11 54 44
Regularly 19 40 51

Test the Null hypothesis that there is no association between parental use of alcohol and
psychoactive drugs and the use of marijuana by their children in universities.

2. Table 2 shows mean numbers of egg pods of the Armoured Ground Cricket that
were collected from soils with different concentrations of phosphorous element (mg/kg);

Table 2. Egg pods of the Armoured Ground Cricket collected from in soils with
different Phosphorous concentrations.

Mean Egg

Number

per Pod: 480 940 420 4.80 500 O 1.60 0.60
X) 460 680 180 220 1.80 1.60 1.80 0.60

Phosphorous 5.81 30.94 826 14.11 242 3.50 2.14 1243

(mg/kg) 0 6.76 17.54 434 970 942 3.50 2.77
(Y)

TURN OVER



Calculate the correlation between number of egg pods and soil phosphorous content and
test the Ho that rho equals zero.

3. In a study on species diversity in four African lakes, data presented in Table 3 below were

collected on a number of different species caught in six catches from each lake:

Table 3. Number of different fish species caught in four African Lakes.

Catches LAKE
Tanganyika Victoria Malawi Chirwa
1. 64 78 75 55
2. 72 91 93 66
3. 68 97 78 49
4. 77 82 71 64
5. 56 85 63 70
6. 95 77 76 68

(a) Conduct an ANOVA to test the Ho that the four lakes have the same species diversity.
(b) Using Least Significant Difference (LSD), separate the sample means to identify the
lake that has the highest fish diversity.

4. In an automobile exhaust emission study, four cars and four drivers were used to test the
possible differences among four petrol additives (A, B, C & D) in reducing the amount of
oxides of nitrogen emitted in exhaust gases. A Latin Square Design (LSD) was employed
in the experimental setup and Table 4 below gives the results of this study:

Table 4. Results of a study conducted to determine nitrogen emission in car exhaust gases

CAR
Driver 1 2 3 4
1 A=21 B=26 D=20 C=25
2 D=23 C=126 A=20 B=27
3 B=15 D=13 C=16 A=16
4 C=17 A=15 B=20 D=20

(a) Conduct an ANOVA to test the Ho that there were no significant differences in the
emission levels of nitrous oxides among the additives.
(b) If the Ho is rejected, separate the means using the LSD statistic.

CONTINUE TO THE NEXT PAGE




5. Measurements (mm) of the head capsule (x) and the compound eye diameter (y), also in
millimetres, of an insect found around the University of Zambia (UNZA) Great East Road
Campus provided the following data:

= x=67.70 Ty =15.30 n=10
¥ x> =458.71 Ty* =23.45 T xy = 103.60

(Ex)%/n = 458.329 (Sy)*n = 23.409 (EX)(Zy)/n = 103.581

= x% - (2x)*/n = 0.381 Ty - (Zy)/n = 0.041 T xy - (EX)(Zy)/n = 0.019

(a) Calculate the Product Moment Correlation Coefficient (r) of X and Y.
(b) Test the significance of the correlation coefficient of the two measurements of this
UNZA insect.

6. A fertilizer trial on strawberries consists of 4 replicates of the 4 treatment combinations of
nitrogen and phosphorus (®, n, p, np). The resulting crop yields per plot (in suitable
units) are presented in Table 5 below:

Table 5. Crop yields of an experiment involving various combinations of nitrogen and

phosphorus
Treatment
Blocks ® n p np
1 13 24 16 27
11 12 25 14 34
111 18 24 15 32
1\ 15 31 20 30

Carry out an analysis to determine the effects (if any) due to blocks, n, p and the
interaction np.

7. Five fertilizer treatments, each replicated three times, were applied to a crop in a
randomized block design setup. At the end of the experiment two (2) of the replications
had for some reason missing yield data (a & b) as indicated in Table 6 below:

Table 4. Yield results of a fertilizer treatments experiment on a crop.

Treatment Replications
(kg fertiliser per acre) 1 2 3
1 a 8.00 7.93
2 8.14 8.15 7.87
3 7.76 b 7.74
4 1.17 7.57 7.80
5 7.46 7.68 7.21

(a) Suppose you are now told that the experimenter estimated the missing values using
the appropriate equation for the design and found them to be 7.85 and 7.91,
respectively. Conduct an ANOVA to test the Ho that there are no significant
differences among the crop yield means.

TURN OVER



(b) If the N.H. is rejected, separate the mean using L.S.R.

. Given the following data (Table 7) of an experiment involving a Completely Randomized
Design (CRD), test the H, that there are no significant differences among the treatment
means:

Table 7. Completely Randomised Design data.

Treatment
Replicate A B C D
1 2.0 1.7 2.0 2.1
2 22 1.9 24 2.2
3 1.8 1.5 2.7 22
4 23 2.5 1.9
5 1.7 2.4
END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2013 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 5011: RESEARCH STATISTICAL METHODS
THEORY PAPER II

TIME: THREE HOURS

INSTRUCTIONS: ANSWER ALL QUESTIONS. ILLUSTRATE YOUR ANSWERS
WHERE NECESSARY. USE ANY OF THE FOLLOWING STATISTICAL PACKAGES
PROVIDED TO ANSWER THE QUESTIONS; MS EXCEL®, STATISTIX® AND PC-
ORD ©. USE THE DESKTOP COMPUTERS PROVIDED OR AUTHORISED
LAPTOPS.

1. You are provided with data on a flash disk and desktop computers on bird community
structure in an MS Excel file named 2014 BIO 5011 EXAM. The data includes bird
species richness (SPECIES), the number of bird guilds (GUILDS) and bird abundance
(ABUND) obtained from 30 plots.

(a) Group the plots according to their similarity in bird community structure at 90%
similarity using hierarchical clustering.

(b) Determine whether there are differences in bird species richness and abundance in
the clusters identified in (a) above.

2. Table 1 below shows data on bird community structure as well as vegetation structure
and composition i.e. total plant species richness (TOTRICH), total plant species
diversity (TOTDIV), sapling density (SAPDEN), tree species richness (TRERICH) and
tree density (TREDEN) obtained from 15 plots.

(a) Determine the best subset regression models for determining bird species richness
and number of bird guilds from vegetation structure and composition data.
(b) Determine:
(i) The linear regression models from the variables of the best subset
regression models obtained from (a) above.
(ii) Whether the regression of vegetation variables on the bird community
structure variables is significant.
(iii)Summarise the relationship between vegetation and bird community
structure in the form of linear equations.

TURN OVER



Table 1. Bird community structure and vegetation data.

PLOT SPECIES | GUILD | TOTRICH | TOTDIV | SAPDEN | TRERICH TREDEN
PLOT 1 9 6 36 3.584 52 7 14
PLOT 2 16 7 34 3.526 20 9 21
PLOT 3 15 7 30 3.401 87 9 18
PLOT 4 10 4 39 3.664 13 7 13
PLOT $ 9 7 30 3.401 11 5 12
PLOT 6 17 11 27 3.296 25 4 7
PLOT 7 9 6 31 3.434 12 8 11
PLOT 8 11 8 30 3.401 42 9 23
PLOT 9 19 9 29 3.367 80 7 12
PLOT 10 10 7 0.794 1.1 0.7 9.25
PLOT 11 6 4 31 3.434 17 34
PLOT 12 9 6 32 3.466 25 9 23
PLOT 13 15 10 33 3.497 77 4 12
PLOT 14 10 7 32 3.466 41 3 3
PLOT 15 4 4 39 3.664 21 16 54

(Source: Lumbwe, 2010)

END OF EXAMINATION




THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2012 ACADEMIC YEAR FIRST SEMESTER
FINAL EXAMINATIONS

BIO 5101: BIOSYSTEMATICS OF TROPICAL PLANT TAXA
THEORY PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER QUESTION ONE AND ANY OTHER FOUR QUESTIONS.

1. Summarise any four of the following:
(a) Leaf dimorphism in the aquatic Polypodiales.
(b) Circinate vernation.
(c) Androecium in Annonaceae.
(d) Biosystematic phase of systematic knowledge.
(e) Leptosporangiate ferns.

2. Explain briefly the concept of phytochoria and describe four floristic regions of Africa as delimited
by Frank White (1971).

3. Describe the distribution, characteristic features and diversity of the family Aristolochiaceae.
4. Discuss the taxonomy, diversity and characteristic features of the Coniferophyta.
5. Describe the evolution of artificial plant classification systems into the current natural systems.

6. Describe the general and special purpose types of classification and explain why one is better than
the other for use in Systematics.

7. Briefly outline the history of the international code of nomenclature for algae, fungi and plants.

8. (a) Describe the five basic categories of botanical databases.
(b) Give five examples of online botanical databases.

END OF EXAMINATION



UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2013 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 5101: BIOSYSTEMATICS OF TROPICAL PLANT TAXA
PRACTICAL PAPER

TIME: TWO HOURS

INSTRUCTIONS: ANSWER BOTH QUESTIONS.

1. (a) Use the taxonomic Key provided to identify specimens A to J.

(b) List diagnostic features of each specimen identified.

2. Construct a taxonomic key for the identification of specimens K to O.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2013 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 5101: BIOSYSTEMATICS OF TROPICAL PLANT TAXA
THEORY PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER FIVE QUESTIONS; QUESTION ONE AND ANY OTHER FOUR
QUESTIONS.

o

Summarise any four of the following:

(a) Apocarpy, syncarpy and polypetally.

(b) Consclidation phase of plant systematics knowledge.

(¢) General purpose classification.

(d) Synthetic characters.

(e) Paratype.

Compare and contrast the biological, ecological and phylogenetic species concepts.
Describe the distribution, characteristic features and diversity of the family Piparaceae.

Compare and contrast the characteristic features of the Convolvulaceae and the Cucurbitaceae.

Discuss the floristic regions of Africa and their provincial compositions as delimited by Frank White
(1971) .

Discuss the Principles of the international code of nomenclature for algae, fungi and plants.
Discuss the evolution of natural classification systems for plants.

(a) Describe the various chorionomic categories.
(b) Describe the floristic realms of the world and state which ones cover parts of Africa.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2012 ACADEMIC YEAR SECOND SEMESTER
FINAL EXAMINATIONS

BIO 5102: BIOSYSTEMATICS OF TROPICAL ANIMAL TAXA
THEORY PAPER

TIME: THREE HOURS
INSTRUCTIONS: ANSWER FIVE QUESTIONS. ONE QUESTION FROM EACH SECTION

AND THE OTHER QUESTION FROM ANY SECTION. USE ILLUSTRATIONS WHERE
NECESSARY. USE SEPARATE ANSWER BOOLET FOR EACH SECTION.

SECTION A: Principles of Nomenclature

1. Discuss five basic tenets of the codes of biological nomenclature and show how these are
used to ensure that names given to organisms remain unambiguous, stable and universal.

2. Distinguish between each of the following pairs of terms and concepts:

(a) Parallel evolution and convergent evolution.

(b) Splliter and Lumper approaches to biological classification.
(c) Biological systematics and biological taxonomy.

(d) Homologous characteristic and analogous characteristic.
(e) Natural classification and artificial classification.

SECTION B: Systematics of Invertebrates

3. Compare and contrast characteristics of protostome and deuterostome invertebrate lineages
and indicate which of the two lineages gave rise to the Chordata.

4. Explain the evolutionary advances shown by members of the phylum Mollusca over
members of the phyla Platyhelminthes and Nematoda.

TURN OVER



SECTION C: Systematics of Terrestrial Vertebrates

. (a) Compare and contrast the main taxonomic characteristics of the amphibians and reptiles.
(b) Summarise the distinguishing taxonomic characteristics between crocodiles and
alligators.

. Summarise each of the following:
(a) Ophidia

(b) Pleurodira

(c) Life cycle of amphibians

(d) Distribution of Python sebae

SECTION D: Systematics of Fishes

. Discuss the significance of the trunk in identification and description of fish.

8. (a) Describe the two lineages of the family Cichlidae

(b) Summarise characteristics that are important in aquaculture of cichilids.

END OF EXAMINATION




BIO 5122: BIODIVERSITY ASSESSMENT AND MANAGEMENT

THE UNIVERSITY OF ZAMBIA

SCHOOL OF NATURAL SCIENCES

FINAL EXAMINATIONS

PRACTICAL PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER ALL QUESTIONS. USE ILLUSTRATIONS WHERE
NECESSARY. USE COMPUTERS PROVIDED OR YOUR CERTIFIED
LAPTOPS, AND THE FOLLOWING STATISTICAL PACKAGES TO ANSWERS
THE QUESTIONS; MSEXCEL®, STATISTIX® AND PC-ORD®

2012 ACADEMIC YEAR SECOND SEMESTER

1. Five points along the Zambezi River in Senanga District, Western Province were
sampled using the traditional funnel fish basket method for catching small cyprinids
(Nchenga). The baited fish baskets were left overnight in the five sampling points
and all the fish caught in the basket at each sampling point were identified to species
and counted. The data on the fish catches is summarised in table 1. Use PC- ORD®
to analyse the fish catches. From the PC-ORD output:

(a) Provide statistical summaries of species richness, species diversity and

abundance for each sampling point in the form of a diagram.
(b) Determine the dominant cyprinid species along the Zambezi River in Senanga
District using the frequency and abundance data.

Table 1. Fish catches along five sampling points on the Zambezi River in Senanga

District.
Species of Cyprinid
Sampling
point Barbus Barbus Barbus Barbus Barbus
barotseensis | lineomaculatus | unitaeniatus | banardi Jasciolatus
1 5 2 1 8 0 ]
2 1 4 0 0 8 12
3 3 5 6 7 0 10
4 8 0 4 0 6
5 3 7 0 9 ]

2. Table 2 shows seedling occurrence data collected using the point frequency frame
in a Kalahari Sand woodland in Western Province.

(a) Determine the species richness, species diversity and equitability for each frame.
(b) Determine the frequency of occurrence and density of each seedling species.
(c) Determine the dominant seedling species in the area.

TURN OVER




Table 2. Seedling occurrence data in a Kalahari Sand woodland in Western Province.

Points
Frame 1 2 3 4 5 6 7 8 9 10
Baikiaea Baikiaea Terminalia Pterocarpus Baikiaea Pterocarpus Pterocarpus Pterocarpus Baikiaea
1 | plurijuga plurijuga sericea angolensis plurijuga Baikiaea plurijuga | angolensis angolensis angolensis plurijuga
Lonchocarpus Lonchocarpus | Lonchocarpus | Albizia Strychnos Pterocarpus Baikiaea Prerocarpus Pterocarpus Terminalia
2 | capassa capassa capassa antunesiana spinosa angolensis plurijuga angolensis angolensis sericea
Lonchocarpus Lonchocarpus | Terminalia Monotes Baikiaea Protea Acacia Protea Baikiaea
3 | capassa capassa sericea glaber plurijuga Terminalia sericea | angolensis polyacantha angolensis plurijuga
Bobgunia Pterocarpus Guibourtia Acacia Guibourtia Pterocarpus Baikiaea Baikiaea Lonchocarpus | Baikiaea
4 | madagascariensis | angolensis coleosperma | polyacantha coleosperma | angolensis plurijuga plurijuga capassa plurijuga
Rothmania Baikiaea Pericopsis Lonchocarpus | Rothmania Guibourtia Acacia Lonchocarpus | Baikiaea Uapaca
3 | englerana plurijuga angolensis capassa englerana coleosperma polyacantha capassa plurijuga nitida
Guibourtia Acacia Uapaca Terminalia | Pseudolachnostylis | Acacia Guibourtia Terminalia Terminalia
6 | Uapaca kirkiana | coleosperma | polyacantha nitida sericea maproneufolia polyacantha coleosperma | sericea sericea
END OF EXAMINATION




THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2013 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 5122: BIODIVERSITY ASSESSMENT AND MANAGEMENT
THEORY PAPER

TIME: THREE HOURS
INSTRUCTIONS: ANSWER FIVE QUESTIONS. USE ILLUSTRATIONS
WHERE NECESSARY.

1. Discuss the ecosystem-based conservation approach.
2. Discuss natural resources management with respect to the concept of co-
management.
3. Discuss each of the following:
(a) Ecological redundancy with respect to species extinction.
(b) Captive breeding as an ex situ conservation technique.

4. Discuss the IUCN Protected Area System categories.

5. Discuss the concept of resistance and resilience in the context of biodiversity
conservation.

6. Discuss the [UCN threat of extinction categories. -

7. Summarise each of the following species-based conservation approaches:
(a) Umbrella species conservation.
(b) Endangered species conservation.
(c) Biodiversity hotspot conservation.
(d) Flagship species conservation.

8. Discuss the process of decision making in natural resources management.

END OF EXAMINATION



BIO 5122: BIODIVERSITY ASSESSMENT AND MANAGEMENT

PRACTICAL PAPER

TIME: THREE HOURS

THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2013 ACADEMIC YEAR
FINAL EXAMINATIONS

INSTRUCTIONS: ANSWER ALL QUESTIONS. USE ILLUSTRATIONS WHERE
NECESSARY. USE COMPUTERS PROVIDED OR CERTIFIED LAPTOPS, AND THE
FOLLOWING STATISTICAL PACKAGES TO ANSWER THE QUESTIONS; MSEXCEL®,
STATISTIX® AND PC-ORD®

1. Determine the importance value (IV) of tree species in a woodland community using the data

provided in Table 1.

Table 1 Diameter at breast height (dbh) data of woody species in a woodland community in
Mkushi District.

Tree number

Plot 1 Species dbh (cm)
! Anisophyllea boehmii 18
2 Syzygium guineense 24
3 Brachystegia spiciformis 8
4 Brachystegia floribunda 10
Species dbh (cm)
Plot 2 1 Syzygium guineense 32
2 Brachystegia spiciformis 12
3 Syzygium guineense 19
4 Anisophyllea boehmii 12
> Brachystegia floribunda 19
6 Ochna pulchra 9
7 Parinari curatellifolia 19
Species dbh (cm)
Plot 3 ! Ochna pulchra 16
2 Syzygium guineense 9
3 Julbernardia paniculata 12
4 Parinari curatellifolia 14
3 Brachystegia floribunda 22

TURN OVER



2. Describe each of the following:
(a) The different types of quadrats used in the assessment of biodiversity.
(b) The type of data that can be recorded from the quadrats in (2a) above.
(c) The type of analysis and results that can be obtained from the data in (2b)
above.

3. Determine:
(a) The species richness, species diversity and evenness of a bird community
using the data in Table 2.
(b) The dominant bird species using frequency and abundance data.

Table 2. Presence and abundance data of a bird community in Chanyanya area, Kafue District.

Plot 1 SPECIES ABUNDANCE
Glossy Starling 1
Yellow-billed Hornbill 4
Tawny-flanked Prinia 1
Red-eyed Dove 1
Long-tailed Shrike 4

Plot 2 SPECIES ABUNDANCE
Crimson-breasted Shrike 1
White-browed Robin 1
Tawny-flanked Prinia 4
Grey Lourie 1
Glossy Starling 3
Cape Turtle Dove 2

Plot 3 SPECIES ABUNDANCE
Tawny-flanked Prinia 8
White-browed Robin 1
Crimson-breasted Shrike 2
Glossy Starling 3
Lilac-breasted Roller 1
Grey Lourie 9

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2012 ACADEMIC YEAR FIRST SEMESTER
FINAL EXAMINATIONS

BIO 5145: ECOLOGY AND MANAGEMENT OF WILDLIFE POPULATIONS
"PRACTICAL PAPER

TIME: THREE (3) HOURS
INSTRUCTIONS: ANSWER ALL QUESTIONS. ILLUSTRATE YOUR ANSWERS WHERE
NECESSARY.

1. A rodent survey in the Nampundwe area used a mark-recapture method to determine the
population of the Cane Rat (Thryonomys swinderianus, Temminck 1827). Twenty five traps
were set at different points along each of the four transects in the area for five days, and

~ each captured rat was marked and released. The following data were obtained (Table 1):

Table 1: The mark and recaptures of the Cane Rate in Nampundwe area.

Sampling occasion # in sample recaptures # newly
marked
Day 1 40 - 40
Day 2 44 9 35
Day3 | 38 14 24
Day 4 46 24 22
Day 5 35 19 16

(a) Using the Schnabel method, a modification of the Lincoln — Petersen index method,
calculate the population of the Cane rat in the area.

(b) Discuss assumptions and limitations associated with this technique in estimating animal
populations. :

2. Munyamadzi Farms Ltd is considering establishing a game sanctuary in Kalomo District
along the Nazhila stream. Initial investigations show that the range is suitable for Impala,
Zebra, Wildebeest, Kudu , Hartebeest and Buffalo. The range is relatively flat, well

“watered and nearly all the range is within 3.5km from water. Based on the information
from the Ministry of Agriculture and Livestock in Choma, the soils are generally fersiallitic

TURNOVER



and excellent for a game sanctuary. The average rain fall is 800mm and the vegetation is
dominated by Acacia-Combretum woodland and dry Miombo. In addition, results from
your preliminary investigations indicate that the production of key forage species averages
about 100kg/ha of dry matter per year: The proposed Sanctuary is 10,000 ha in size.
Assuming that allowable use is 25% and daily dry matter intake is 2% of the animal body
weight,

(a) Determine the number of 90 kg Hartebeest you would stock as your base herd in the
area.

(b) Discuss the limitations of this method in estlmatmg the stocking rate of wildlife
species.

. Biologists monitoring populations of Impala (4deopyceros melampus, Lichtenstein 1812) on
Chete island in lake Kariba, Sinazongwe between 1958 and 1985 gave figures as given in
the Table 1 below. The island is approxnnately 5km? and is generally covered by a thicket
of Combretum sp. Mean annual rainfall is 900mm. The island is a protected area and is
regularly patrolled by Game Scouts. However, artisanal fishermen in the lake are allowed
to land fish in certain parts of the island. For nearly 12 years the island was exposed to
liberation war between 1968 and 1980, and part of the island was defoliated with
herbicides. Impalas are polygamous and only a male breeds with a herd of females. Non
breeding males form a bachelor herd.

Table 2: Impala population at Chete Island, Lake Kariba, based
on transect ground counts.

Year of census Total population Juveniles Males Females
1968 136 6 54 76
1972 150 10 40 100
1975 308 40 58 210
1980 263 65 60 138

1985 232 75 65 95

Using the information and data provided,
(a) Discuss the population trends of Impala on the island.
(b) Discuss factors most significant to the population growth of this species.

PROCEED TO NEXT PAGE



4. Two hundred (200) skulls of Kafue Lechwe (Kobus leche kafuensis) were collected and
aged as follows:

Table 3: Aged skulls of Kafue Lechwe collected in 1975 in Kafue Flats Game
Management Area.

Age class | Number of skulls
0.0 95
1.0 13
2.0 15
3.0 11
4.0 13
5.0 4
6.0 5
7.0 11
8.0 14
9.0 8

10.0 6
11.0+ 3

a) Construct a life table of this population

b) Assuming that my for the species is known to be 0.5 for all age classes except for
ages 0 and 1, determine R,, and 1y, for the species population.

¢) Discuss limitations and assumptions for determining Iy,

END OF EXAMINATION



7. Discuss the following as used in wildlife population management studies :
(@) Ny =N, e"
(b) Syncerus caffer.
(¢) r- Selection strategies.
(d) Species territory.

8. Discuss what you understand by the concept of Maximum Sustainable Yield and give
reasons why this concept is regarded as an epitaph in harvesting species populations.

END OF EXAMINATION
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BIO 5145: ECOLOGY AND MANAGEMENT OF WILDLIFE POPULATIONS
PRACTICAL PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER ALL QUESTIONS. ILLUSTRATE YOUR ANSWERS WHERE
NECESSARY.

L.

A bird survey of Swainson’s Francolin (Francolinus swainsonii) in the Rufunsa area used a

capture-recapture method to determine the population of the birds. Traps (nets) were set at

different points along each transect in the area for 2 occasions, and each captured bird was

marked and released. The data below were obtained.

(a) Using the Lincoln-Petersen index method, calculate the populations of the birds in the
area.

(b) Discuss limitations of this technique in estimating animal populations.

(c) Discuss assumptions associated with this technique.

Table 1: Data of animal capture and recaptures in Rufunsa Area

A /B |C |D |E |G
TRANSECTS
Initial Capture 3 5 2 5 1 0
Second Capture 5 10 |1 4 5 1
| Recaptures 3 8 0 2 0 1

Briefly describe the following research methods applied in wildlife population management

studies:

(a) King census method.

(b) Aerial animal counting.

(¢) Point Centered Quarter Method.

(d) Parker 3-step method.

TURNOVER



3. Munyamadzi Farms Ltd is considering establishing a Game Ranch in the Mpika District
along the Munyamadzi River. Initial investigations show that the range is suitable for
Impala, Zebra, Wildebeest, Kudu and Buffalo. Ten per cent (10%) of the range is a steep hill
and in addition only 60% of the range is within 6.5 km from water. Based on the information
from the Ministry of Agriculture and Cooperatives in Mpika, the soils are generally suitable
for game ranching. Furthermore, results from your preliminary estimates indicate that the
production of key forage species averages about 450kg/ha of dry matter per year. The
proposed Sanctuary is 10,000 ha in size. '

Assuming that allowable use is 25% of the total biomass and daily dry matter intake is 2% of

the animal body weight,

(a) Determine the number of 950 kg buffaloes you would stock as your base herd in the area.
(b) Discuss limitations of this method in estimation the stocking rate of wildlife species,

(¢) Discuss assumptions associated with this method.

4. One hundred and eighty eight (188) skulls of Kafue Lechwe (Kobus leche kafuensis) were
collected and aged as follows:

Table 2: Aged skulls of 188 collected in 19754 in Kafue Flats Game Management Area.

Age class | Number of skulls
0.0 90
1.0 13
2.0 12
3.0 11
4.0 13
5.0 4
6.0 5
7.0 11
8.0 12
9.0 , 8

10.0 ' 6
11.0+ | 3

a) Construct a life table of this population. ‘
b) Assuming that m, for the species is known to be 0.7 for all age classes except for ages 0

to 2, determine R, and r, for the species population.
¢) Discuss limitations and assumptions for determining rp,

END OF EXAMINATION
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BIO 5155: AQUATIC ECOLOGY AND FISH POPULATIONS
THEORY PAPER I

TIME: THREE HOURS
INSTRUCTIONS: ANSWER FIVE QUESTIONS: ANSWER QUESTION NUMBER 8:

ANSWER TWO QUESTIONS FROM EACH SECTION AND A FIFTH
QUESTION FROM EITHER SECTION

SECTION A: Aquatic Ecology

1. Summarise the following as used in the categorisation of aquatic ecosystems and organisms:
(a) Annual minimum and maximum water temperatures.
(b) Water currents.
(c) Size of plankton.

2. (a) Discuss the types of ions that determine the alkalinity of freshwater bodies; and
(b) Explain the relationship, as appropriate between alkalinity and productivity of inland
aquatic ecosystems.

3. (a) Summarise the factors that determine the amount of light available at the surface of a water
body.
(b) Describe three possible fates of light as it strikes a water column.
(c) Explain the significance of Secchi disk measurements in determining penetration of
light in water bodies.

4. Discuss the effects of zooplankton populations on phytoplankton community structure in
summer for a warm monomictic lake.

SECTION B: Fish Populations

5. Summarise the following in relation to management of fisheries stocks:
(a) Age at first capture (t).
(b) Total Allowable Catch (TAC).
(¢) Maximum Economic Yield (MEY).

TURN OVER



- THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2013 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 5155: AQUATIC ECOLOGY AND FISH POPULATIONS
THEORY PAPER I

TIME: THREE HOURS

INSTRUCTIONS: ANSWER FIVE QUESTIONS:AN SWER TWO QUESTIONS FROM
EACH SECTION AND A FIFTH QUESTION FROM EITHER SECTION

SECTION A

1. Summarise the following as applied in categorising aquatic habitats:
(a) Littoral zone. -
(b) Pelagic area.

(¢) Profundal region.

2. (a) Discuss the types of ions that determine the alkalinity of freshwater bodies.
(b) Explain the relationship between alkalinity and productivity of inland aquatic ecosystems.

3. (a) Summarise the factors that affect the amount of light available at different depths in a

water body.
(b) Describe three possible fates of light as it strikes a water body.
(¢) Discuss the significance of Secchi disk measurements in determining light penetration

in water bodies.

4. Discuss the effects of zooplankton populations on phytoplankton community structure in
summer for a warm monomictic lake.

SECTION B

5. Summarise the following in relation to sustainable management of fish stocks:

(a) Age at maturity (tm)-
(b) Total Allowable Catch (TAC).
(¢) Maximum Sustainable Yield (MSY).

TURN OVER



6. Describe two different models used to demonstrate relationships between parent stock size and
number of recruits in fish populations.

7. Discuss the type of data and a method required for estimating the following von-Bertalanffy
(1936) growth parameters using the Ford-Walford plot:
(a) The growth coefficient (k);
(b) Length at infinity (L).

8. (a) Describe the type of data required for estimating the Maximum Sustainable Yield MSY)
when applying the Surplus Production Models.
(b) Compare and contrast the Schaefer and Fox Models as applied in estimates of Maximum
Sustainable Yields in fish populations.

END OF EXAMINATION
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TIME: THREE HOURS

INSTRUCTIONS: ANSWER ALL QUESTIONS.

1. Figure 1 below is a simplified seasonal pattern of phytoplankton biomass in the limnetic zone
for a eutrophic, dimictic lake. Note that physical conditions in the lake are indicated across the
top of the figure. Numbers above portions of the graph (1-8) refer to different periods during
the year. Diatoms for instance comprise a dominant proportion of the phytoplankton biomass
during time periods 3 and 7

dradation stratification drauaion

6000 4+— OV —> > < > 0N
e IE——» 3 : ICE
é Granobecteria( blue-green)

Ghlorophycese (green)

M Badiltariophycese (didtons)
Dnofiagelietes
Crysophosse & Gyptophyoese

J F M A M J J A S ON D
Month of the year
Fig 1 Annual variation of phytoplankton biomass.

a) Describe physical and chemical condition of the lake that correspond to diatom abundance.

b) Explain why time period 5 corresponds to the clearwater phase in the lake.

¢) Discuss the dominance of Cyanobacteria during time period 6.

d) Describe a method that could be used to collect water samples in order to obtain results
shown in Figure 1 above.

e) Describe a method for processing water samples so as to produce a figure of results such

as those shown in Figure 1 above.
TURN OVER



2. A cohort is recruited into the fishery with an estimated 100,000 fish (N¢). The total
mortality coefficient (Z) is 1.5 and the natural mortality coefficient is 0.5 per year, for the
fishery. The number of survivors can be estimated using the formula:

N; = N, exp[-Z(t — t)]:

(a) Estimate the number of survivors from the first to the sixth year after recruitment and
construct an appropriate exponential decay curve.

(b) Approximate the fish caught and those dying due to natural causes annually and
number of fish of the cohort caught annually since recruitment.

(c) Determine if the given cohort is underexploited or overexploited.

3. Table 1 on page 3 below shows the catch and effort data for the fishery based on the
exploitation of Limnothrissa miodon (Boulenger,1906) commonly known as Kapenta on
Lake Kariba. The data are based on the figures provided by operators to fishery management
authorities in both Zambia and Zimbabwe from 1974 to 1999. The catch is given in
tonnes and fishing effort in boat nights. The Maximum Sustainable Yield (MSY) can be

estimated using the following models:
MSY = a’/(4b) and
f msy = 'a/(2b)

(a) Construct an appropriate curve that demonstrates the relationship between yield and
effort for the combined catch between Zambia and Zimbabwe

(b) Describe the variation in catch in relation to fishing effort.

(¢) Approximate parameters of the Schaefer model a and b.

(d) Estimate the effort needed to exploit the Kapenta fishery of the lake at Maximum

Sustainable Yield.

CONTINUE TO THE NEXT PAGE



Table 1. Catch (in tonnes) and effort (boat nights) data for the Kapenta fishery of Lake Kariba

ZAMBIA ZIMBABWE COMBINED
Effort in Effort in
Catch in boat Catch in boat Catch in | Effortin
Year | tonnes nights tonnes nights tonnes boat nights | CPUE
1974 - - 488 616 488 616 0.79
1975 - - 656 1298 656 1298 0.51
1976 - - 1050 1833 1050 1833 0.57
1977 - - 1172 3114 1172 3114 0.38
1978 - - 2805 5973 2803 5973 0.47
1979 - - 5732 15108 5732 15108 0.38
1980 - - 7952 31747 7952 31747 0.25
1981 - - 11137 37972 11137 37972 0.29
1982 | 4136 18874 8450 37776 12586 56650 0.22
1983 | 4965 16670 8548 38865 13513 55535 0.24
1984 | 5959 27832 10394 41234 16353 69066 0.24
1985 | 7422 30304 14586 41403 22008 71707 0.31
1986 | 8226 32163 15747 45790 23973 77953 0.31
1987 | 5858 31755 15823 52414 21681 84169 0.26
1988 | 6319 33218 18366 53403 24685 86621 0.28
1989 | 7758 34897 20112 54919 27870 89816 0.31
1990 | 6948 37413 21758 59193 28706 96606 0.3
1991 | 7284 39284 19306 62208 26590 101492 026 |
1992 | 7692 45004 18931 71066 26623 116070 0.23
1983 | 8526 46416 19957 68155 28483 - | 114571 0.25
1994 | 7178 36402 19232 71249 26410 107651 0.25
1995 | 6736 44797 15280 75443 22016 120240 0.18
1996 | 5728 36033 15423 73524 21151 109557 0.19
1997 | 5927 37170 17034 75633 22961 112803 102 |
1998 | 7960 43965 15288 74770 23248 118735 0.2
B 1999 | 6766 46492 11208 @91 17974 110583 0.16
END OF EXAMINATION




THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2012 ACADEMIC YEAR SECOND SEMESTER
FINAL EXAMINATIONS

BIO 5165: ECOLOGY AND MANAGEMENT OF TROPICAL WETLANDS
THEORY PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER FIVE QUESTIONS. ILLUSTRATE YOUR ANSWERS WHERE
NECESSARY.

1. Compare and contrast the main features of the riverine and palustrine wetland habitat
systems.

2. Explain the nutrient cycling function of a fresh water flood plain in an arid environment in
Southern Africa and discuss problems that may be associated with management of such
wetlands. '

3. Discuss major threats to any two of the following wetlands:
(a) Rufigi delta in Tanzania.
(b) Bangweulu swamps in Zambia.
(¢) Cuanza flood plain in Angola.
(d) Shire marsh in Malawi.

4, Discuss features which would indicate that a dambo wetland system was being over-
exploited, and prescribe measures you would recommend in the restoration of such a
wetland.

(a) Describe values of wetland ecosystems
(b) Discuss the possible impact of downstream dam development on wetland ecosystems.

6. Construct and discuss the wetland hydrological model of a lacustrme environment in
Southern Africa.

7. Discuss the concept of “wise use” of wetlands as it relates to the conservation of wetlands in
Zambia.

8. Discuss the main functions of wetlands and give reasons why most wetlands are being
degraded.

END OF EXAMINATION
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BIO 5165: ECOLOGY AND MANAGEMENT OF TROPICAL WETLANDS
PRACTICAL PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER ALL QUESTIONS. ILLUSTRATE YOUR ANSWERS WHERE
NECESSARY.

1. Study the maps provided (Figuresla and 1b). Using the wetland ecological character as
defined by the Ramsar Convention, compare and contrast the Zambezi delta (Fig. 1 a) along
the Indian Ocean and the Okavango internal delta (Fig. 1b) in the arid region of Southern
Africa.

2. Draw the general map of the wetlands of Zambia and discuss the emerging threats to any
four of the following wetlands:
(a) Mweru —wa- ntipa marsh.
(b) Zambezi Flood Plain.
(c) Lukanga Swamp.
(d) Kafue Flats.
(e) Luangwa Flood Plain.

TURN OVER
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FIGURE l1la: Zambezi Delta

GO TO NEXT PAGE
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FIGURE 1b: Okavango Delta

END OF EXAMINATION
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SCHOOL OF NATURAL SCIENCES

2013 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 5165: ECOLOGY AND MANAGEMENT OF TROPICAL WETLANDS
PRACTICAL PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER ALL QUESTIONS. ILLUSTRATE YOUR ANSWERS WHERE
NECESSARY.

1. Using the wetland ecological character as defined by the Ramsar Convention, compare and
contrast the Zambezi delta (Fig. 1 a) along the Indian Ocean and the Okavango internal delta
(Fig. 1b) in the arid region of Southern Africa.

2. (a) Draw and label the general map of wetlands of Zambia and for each wetland, describe the
wetland ecological character.

(b) Draw and label the cross section of the Kafue Flats and describe each wetland ecological
zone.

TURN OVER



FIGURE la: Zambezi Delta in Mozambique showing mangrove forest (dark).

CONTINUE TO NEXT PAGE




FIGURE 1b: Okavango Delta in Botswana.

END OF EXAMINATION
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2012 ACADEMIC YEAR SECOND SEMESTER
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C5722: MEDICINAL CHEMISTRY 11
TIME: THREE HOURS
INSTRUCTIONS:

1. Answer any four questions.
2. Marks allocation for questions is shown (x) Max. marks: 120

Question 1:

(a) Explain the rationale for the use of positive inotropic agents for treatment of congestive heart
failure (CHF). (4 marks)

(b) Give the structure and mode of pharmacological action of digoxigenin. (6 marks)

(¢) (i) Provide the missing reagents, solvents and conditions and identify compounds B, C and D for
the synthesis of a cardiotonic agent D, shown below. (8 marks)

0 O
X, ~NH NH
N reagents ? reagents ? \N/
———» B ———
H,N A
HNHN
) ] N COCH
N .Eon i
PPA
D «——ru-r_ C
heat

(ii) Give a synthesis for the starting material A, shown above. (5 marks)




-

(d) State the principal medicinal uses and predict the metabolites for the drug{ E, shown below:

(7 marks)
o r
N
/©)1\ N/\/ ~—
H
HoN E
Question 2
(a) Structure of the vasodilator antihypertensive drug losartan is shown below:
//\ﬁ(—_N
N Cl
OH
HN—N
[ )
N\\N
Losartan
6] Briefly explain the mechanism of vasodilatory and antihypertensive action of losartan.
(5 marks)
(ii) Discuss the qualitative structure-activity relationships in losartan. (5 marks)

(iii) Propose an analogue of losartan based on bioisosteric replacement of its tetrazole moiety
with a view to improve its potency. (2 marks)

(iv) Suggest a synthesis of your proposed analogue. (11 marks)

4

(b) Give two examples, structures and names, of organic nitrates used for treatment of angina
pectoris and state their mechanism of action. (7 marks)




Question 3

(a) Explain the mode of action of the antihypertensive drug nitredipine. (5 marks)

(b) Propose a synthesis for the nitredipine analogue, shown below, from 2-chloro-3-trifluoro-

methyl benzaldehyde, imidazole and readily available non- heterocyclic reagents. Clearly
show all steps. (9 marks)

EtOOC
| I N FN
N A
H
Nitredipine analogue

(c) Suggest a synthetic route to the cardiovascular agent F from the epoxide E, structures
shown below. Clearly show all steps, including the intermediates.

{9 marks)
NC
: N
(o] N /\@
NC -__g: o
NC A OH
(0]
E (o}
F
(c) Write short note on enzyme inhibitors as anti-atherosclerotic drugs (7 drugs)



Question 4

(a) Give an example, structure and name, for each of the Class II and Class III antiarrhythmic drugs

and state their modes of action. (10 marks)
(b) Suggest a synthesis for the antiarrhythmic drug, H, shown below: (10 marks)
/

V\N ©

N%/ \)f\/ \O\
H
N

o S OH NHSO,CHs

H

(c) Discuss the structure-activity relationships in the antiarrhythmic drug I, shown below: (4 marks)

O
0
/
Ry / R2
N A N
T
R3

(d) Sate the principal medicinal use and the modes of action of any two of the following drugs:
(3 marks each)
(i) Clofibrate
(i) Warfarin
(iii)  Fostedil



Question 5

(a) Cancer or neoplasm (Greek, véo{ = new, and zAaoua = formation) refers not to a single disease
but to over 100 related but unique forms of a disease. List the major causes of cancer and
briefly describe the two principal groups of cancer. (6 marks)

(b) Suggest a synthesis for the anti-cancer agent cyclophosphamide from the starting material A,
shown below. Assume all the necessary organic/ inorganic reagents and solvents are readily
available. (3 marks)

Cku—\ Cl m\——\ ﬁ”751:7

] v
N—P=0 N—-~P
| I}
Cl /
cl Cl
A cyclophosphamide

(c¢) Cyclophosphamide is actually a prodrug, meaning it must be activated in vivo into the active
species phosphoramide mustard and nor-nitrogen mustard for activity. Acrolein, H,C=CH-CHO,
is a by-product of this bio-activation process, and is less active as an antitumor agent but appears
to be responsible for a major side effect of cyclophosphamide, that is, haemorrhagic cystitis.

How has the toxicity problem been circumvented clinically? Provide a plausible mechanism to
explain. (6 marks)

i h

- N-—P—OH
/ Ci —
Cl Cl O
Nornitrogen mustard Phosphoramide mustard



(d) Provide the mode of action of the following anti-neoplastic agents, depicted below:

(15 marks)
T %
! : Cl
O:<N CH OH HN_/_ NKN
N-R 2 o=

I
NO OH szCI vN)\N/)\N"
streptozotocin R = CHj carmustine \
chlorozotocin R = CH,CH,CI TEM

Triethylenemelamir

Me
H,N N\ N\ CH O COOH CN
T 78 OH /=N Me
N = < N N N !
N H o =N
NH,
Methotrexate
Me Cl\Ne
Anastrazole
END OF EXAMINATION
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2013 ACADEMIC YEAR MID - YEAR EXAMINATIONS

CHE 5011 GENERAL CHEMICAL TECHNIQUES

TIME: THREE HOURS

INSTRUCTIONS

1

There are six questions in this Examination Paper.

2 Answer Question 1 and any other Four questions.
3 Question 1 carries 30 marks and the remaining questions carry equal marks.
4 Each question should be answered in a separate answer booklet.
5 Essential information and data are provided for this paper
Question 1
(a) Briefly describe a procedure for microscale distillation. Illustrate your answer with
appropriate diagram (s).
(b) Use the ID-NMR (‘H and "°C) of propanol as given in the table below to sketch both
H-H COSY and H-C COSY
Proton Carbon-13
o multiplicity area |9 Carbon position
0.8 triplet 3 10.0 3
1.5 sextet 2 30.2 2
3.0 Singlet and exchangeable 1
3.5 triplet 2 62.7 1
©) Describe, with the aid of a diagram how an X-ray tube source works?
(d) Describe some advantages and disadvantages of the electron capture detector (ECD)
as a GC detection system.
(e) Draw a sketch of primary photochemical processes. In the diagram indicate the main

singlet and triplet manifold, the absorption (excitation) radiation, fluorescence, (F),
inter system crossing, (ISC) and phosphorescence (P) transitions




Question 2

(a) Classify the capillary electroseparation methods. (4 marks)

(b) What is meant by electrophortic mobility? Give the mathematical equation for

electrophoretic mobility and define its terms. (5 marks)
(c) Write short notes on: (7 marks each)
(i) Capillary column electrophoresis

(i1) Gel electrophoresis

(d) State the advantages and disadvantages of capillary column electrophoresis and HPLC
in terms of flow, peak capacity and complexity of instrumentation. (3 marks)

(e) Define the terms in the following mathematical expression pertaining to
electrophoresis:

Rs=§

fhp + Ha

1 (m?«/?v)

(4 marks)

Question 3

Deduce the structure of the compound whose spectra are given as problem 307. Use all the
data. (30 marks)

Question 4

(a)

(b)

Fully define or explain each of the following terms or statements, giving examples
where appropriate: (12 marks)

(i) gradient elution
(ii) Kovats Retention Index
(iii) theoretical plate

Why is the rotary valve injection system used on HPLC instruments instead of the
rubber septum sealed port as used commonly on GC instruments? (8 marks)



(©

What is the short-wavelength limit, in angstroms, to the continuum radiation produced
by a X-ray tube with a molybdenum target that is impacted by electrons driven by a
50 kV potential? ( 10 marks)

The Duane-Hunt equation is: eV, =——=hv

Note: 1 angstrom (A) is 10 meters.

Question 5

(2)

(b)

(©)

(1) Explain the difference between capacity factor and selectivity factor as used in
chromatography. (4marks)

(ii)  What is the Van Deemter equation? Explain the significance of each term.
(6 marks)

One of the components of the Van Deemter equation is a mass transport related term.
Explain how this is affected by variations in HPLC. Specifically answer the question
as to whether band broadening increases or decreases with each of the following:

(i) decreasing stationary phase depth

(ii) decreasing mobile phase flow rate (8 marks)

(i) Name two different detectors used in gas chromatography and tell how they
work (A mass Spectrometer doesn’t count). (2 marks)

(ii)  An XPS experiment detected a photoelectrons with kinetic energy of 1073.5
eV when a Mg Ka source was used (A = 9.8900 A, which corresponds to a
source energy of 1253.6 eV). The spectrometer was found to have a
workfunction of 11.2 eV. Calculate the binding energy for the photoelectrons
using the following equation: (5 marks)

E -E, -w

binding — L source

(iii) Powder X-ray diffraction (PXRD/XRPD) and single-crystal X-ray diffraction
(SCXRD) make use of very similar instrumentation, with the primary
differences being with the goniometer used in SCXRD to reorient the crystal.
However, the chemical and analytical information that can be obtained from
these techniques is very different. Describe this difference. In other words,
what can one learn from SCXRD that cannot usually be learned from PXRD,
and what can PXRD do that SCXRD cannot? (5 marks)



Question 6

(a)

(b)

The molar absorption coefficient for a compound is 3 x 10° L mol” ecm™ at 313 nm
where the compound undergoes a photochemical bleaching reaction. The product
does not absorb at 313 nm.

A 1.5 x 10° M solution of the compound in a 1.00 cm’ cell of 1.00 cm? cross-section
was placed in the path of a laser beam of 1.00 x10° W em? at 313 nm.

() Calculate the path length of the cell. (1 mark)

(ii) What fraction of the incident intensity is absorbed? (3 marks)

(iii)  Calculate the absorbed intensity, I, in (photons) cm™ s™. (6 marks)
Photodissociation of CH3;CO using ultraviolet radiation of wavelength of 313.0 nm
and intensity of 3.08 x 102 W produced CO and CH; radical with a quantum yield of
2.00 during an exposure of 1.00 hour. Assume that all of the intensity of the incident
radiation was absorbed in the cell.

(i) Determine the number of moles of CH3CO absorbed in the reaction.(5 marks)

(ii)  Write an expression for quantum yield. (2 marks)

(iii)  Calculate the number of moles of CO produced in the cell. (3 marks)

END OF EXAMINATION




Chapter 9.3 Problems in 2D NMR

- Problem 307
M’_\_
, \ ﬂ Use the basic spectral data
plus the COSY and C-H
correlation spectra on the
facing page to deduce the
structure of this compound.
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES
2013 ACADEMIC YEAR END OF YEAR EXAMINATIONS

CHE 5222 ELECTROCHEMICAL AND CHROMATOGRAPHIC METHODS

TIME: THREE HOURS

INSTRUCTIONS

1

There are six questions in this Examination Paper.

2 Answer Question 1 and any other Four questions.
3 Question 1 carries 20 marks and the remaining questions carry equal marks.
4 Each question should be answered in a separate answer booklet.
5 Essential information and data are provided for this paper
Question 1
(a) Explain the pros and cons of the refractive index detectors in point form.
(b) Explain and relate the following terms: thermal noise, shot noise and flicker noise.
(©) Explain why differential pulsed polarography (DPP) gives superior detection limits to
sampled-dc polarography.
(d)  Calibration is important aspect towards obtaining good data in DSC. Draw a sketch to
illustrate a typical DSC calibration curve. What substance is typically used?
(e) The diagram below shows a typical DSC curve for PET

@
\

) )
RERE

Heat Flow

Temperature (°C)

(i) Identify the key features labelled x, y and z
(i) What is the physical significance of x, y and z.




Question 2

A reversed-phase HPLC column of dimensions 4.6 mm diameter by 150 mm length is used
at a liquid flow rate of 1.0 mL/min. An unretained compound elutes after 1.12 min. A
compound with a Koy, of 31 takes 2.63 min. to elute when using a mobile phase of 90%
water/10% acetonitrile.

(a) Calculate the mobile phase volume [10 marks]
(b) Assuming the Kc is equal to the K, calculate the stationary phase volume.
[10 marks]
Question 3
(a) Compare and contrast the differences in theory of operation and equipment needed for

potetiometric and voltammetric measurements. List any theoretical expressions that relate
activity or concentration of an analyte to a measured electrochemical signal. [10 marks]

(¢) Describe how you can use cyclic voltammetry to obtain the diffusion coefficient D, of
reactant O. Describe what CV experiments are required and specifically how the data
would be analyzed. [10 marks]

Question 4

(a) Anodic Stripping Voltammetry (ASV) has the best detection limits of any
voltammetric methods available today. Briefly outline the steps involved in an ASV
analysis and indicate why it has detection limits superior to the other Electrochemical
methods we covered. [10marks]

(b) Explain using examples why electrochemistry is well suited for chemical and
biochemical sensing applications. What types of sensors have been developed?
What are their advantages and special features? [10 marks]

Question 5

(a) Describe the basic principle behind differential thermal analysis [6]

(b) How are the following factors likely to affect results in differential thermal analysis?

(i) Sample packing [3]
(ii) Heating rate [3]
(i)  Heatingrate (/Q\RAM,Q,Q @\;@wwa.(a@% [3]
(©) Draw fully labelled sketch diagram of a thermometric set-up [5]



Question 6

(a)

(b)

The potential of a sulfate specific ion electrode (SCE reference electrode) was
measured as -213 mV in a solution that contained 1.00 x 10° M sulfate ion, while
the potential was -156 mV in a 1.00 x 10 M sulfate ion solution. A solution
containing an unknown concentration of sulfate ion was measured with a potential

of -187 mV. What is the concentration of sulfate ion in the unknown solution?
[10marks]

White noise occurs at all frequencies and can often be reduced by simply reducing the
frequency bandwidth of the measurement or recording device used. Usually, simple
filtering can be used to reduce the frequency bandwidth to about 1 Hz. What would
happen to the S/N if you were to reduce the frequency bandwidth to, say, 0.01 Hz
from 1 Hz. Be sure to clearly state your assumptions! [10marks]

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA

School of Natural Sciences
CHES411 Examination, 2014

Applied Inorganic Chemistry
Time: 3 Hours February 2014
Instructions:
Answer any Four (4) Questions.

Periodic Table is provided
Show clarity in your answering.

Question 1

(i) Derive the ground state term fora a? configuration defined as "L,

(i) Each term is split in magnetic field by spin-orbital coupling into states
specified by the value of J differing by unity ranging from J value |L - S| to

|L+5].

The energy separation between a state specified by J and the one specified by
J+l is
AE;, 31 = MJI+1)

For d? transition metal ion sketch the splitting of the ground state free ion
term showing energy value.[For a shell less than half full A is positive and the
lowest J value lies lowest in energy]

Question 2

(a) Given that 4, = ,u“"[l _ ];where 10Dgq =fg x 10em’™.

10D,

(i) Define and explain 4°*
(i) In the Mn(acac); complex, what is the value of 4.

(iii)  Given that = 1.2 for acac ligand and g = 21 for Mn*'; determine
10Dq for the complex.




(iv)  The spin-orbital coupling parameter, ¢, for Mn®' is 355cm™ and

28
(a) Determine A and «

(b) Hence, or otherwise find the z,; for the complex at 80K

w) How does this value in (iv)b compare with 2°° ?

(vi)  Given that at 300K . is 4.86B.M, discuss the effect of
temperature on 4, of the complex.

Question 3
(a) Sketch the structure of the ZSM-5 and outline some of its
industrial uses.

(b) Sketch the framework structure of a zeolite and interpret this
general feature and its relevance.

(c) Explain how zeolites have found application in

@ Aqua-culture
(ii) Catalysis

Question 4
(a) Work out the RS terms associated with a d* configuration.
(b) As the ligand field strength increases the ground state also changes.
Discuss these changes in an octahedral environment and its impact on the
paramagnetism.
Question 5
(a) Consider the lanthanide complex, Nd2(S04); 8H,O0 ;

(i  Determine the GS term for the Nd** ion.
(i)  Given that the experimental £_;"* is 3.50B.M, calculate 4, and

discuss the nature of magnetism being exhibited by the complex.

(b) What are the relevant features that make magnetism important subject in
chemistry?




PERIODIC TABLE OF THE ELEMENTS
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UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES
DEPARTMENT OF CHEMISTRY
2013-2014 ACADEMIC YEAR HALF YEAR SESSIONAL EXAMINATIONS
CHE 5635: STATISTICAL THERMODYNAMICS.

ANSWER ANY FIVE OF SIX QUESTIONS

TIME: THREE HOURS

DATA YOU MAY WISH TO USE IS PROVIDED ON THE ATTACHMENT

QUESTION 1 (20 MARKS)

Consider a system of carbon monoxide ?C'®0 gas molecules, assumed to be independent,
non-interacting and indistinguishable at 300 K.

a) (3 marks)

Write a general expression for the total canonical partition function of the system in terms of the
molecular partition function of carbon monoxide.

b) (8 marks)

Derive a general expression for the chemical potential, y, of carbon monoxide using the
canonical partition function you wrote in Question 1a).

¢) (3 marks)

The infra-red vibration frequency of 2¢1%0 is 2170.21 em™'. Calculate the vibration temperature
of carbon monoxide.

d) (6 marks)

The vibration canonical partition function of carbon monoxide, in the high temperature limit has
been shown to be gyip= 9—’7’,&.

(i) Calculate the fraction of carbon monoxide molecules that are in the excited vibration states
(n>0)at300K

i) Comment on your result with reference to the contribution of the vibration degree of freedom
to the total energy of carbon monoxide gas system.



QUESTION 3 (20 MARKS)
The rotational energy levels of a heteronuclear diatomic molecules are given by E; = BheJ(J + 1).
a) (4 marks)

The rotational constant of **C*H is 14.457 cm™" What is its characteristic rotational temperature,
6,?

b) (8 marks)

Write down a general expression for the molecular partition function of a heteronuclear diatomic
molecule. Transform the sum to a suitable integral and use the Euler-Maclaurin formula to obtain
Gro¢ in the high temperature limit.

c) (8 marks)

To a first approximation, the intensity of a rotational absorption transition from J - J' is
determined by, f(J) the fraction of moleculgs\fgund in the rotational energy level J:

FO) = @I +1) ,—Bhcjy+1)/kT

drot

. . S T 1
Show that the line with maximum spectral intensity is given by Jiax = J% -3

QUESTION 4 (20 MARKS)

The molecule NO has a nearly degenerate electronic ground state: 13 /, and *m1 / with energy

difference, €. The state *73 /, has lower energy.

a) (12 marks)

(i) Derive an equation for the contribution of these electronic states to the total energy.
(ii) What is the electronic energy in the temperature limits T — OQand T — ©2?

b) (8 marks)

(i) Derive an equation for the contribution of these states to the heat capacity of NO.

(ii) What is the electronic heat capacity in the temperature limits T — 0 and T — 027




QUESTION 5 ( 20 MARKS)

a) (3 marks)

Distinguish, briefly between the micronanonical and the canonical ensembles?
b) (6 marks)

(i) Write the probability distribution function P(E) for canonical and for microcanonical
ensembles.

(ii) Sketch a labeled graph to show the distribution function P(E) as a function of the energy E
for each ensemble.

¢) (11 marks)

State the condition necessary for the applicability of Boltzmann statistics to system of particles.
Apply this condition to decide whether or not Boltzmann statistics are applicable to one mole of
oxygen molecules at 273 K and pressure of 1 bar. Show all work.

QUESTION 6 (20 MARKS)

The translational molecular partition function for indistinguishable particles is given in the Data
in an Attachment to this question paper.

a) (3 marks)
Calculate the de Broglie thermal wavelength of neon at 300 K.
b) (9 marks)

(i) Derive an equation for the translational contribution to the internal energy, E of a canonical
ensemble of one mole of neon molecules.

(ii) Calculate the translational contribution to the internal energy, E of 3.01 x 10”2 molecules o
neon at 300K.

c) (8 marks)

Derive an equation for the translational contribution to pressure.

END OF CHE 5632 EXAMINATION




THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES
DEPARTMENT OF CHEMISTRY
CHE 5635: INTRODUCTION TO STATISTICAL THERMODYNAMICS (2013/2014)

ATTACHMENT

DATA SHEET
N,;=6.02x 10 mol™; k=138x102JK'; h=6.63x10"7Ts;
R=28.314JK"' mol; c=3.00x108ms’; 1eV=1.602x10"J;
1U=1kgm?s?; Ine=1;, V=224x10"m’at273K
dlnf(x) _ 1 9f(x) d(e/@) of (0) @ df(x) dnx) _ 1,

ax f(x) ox ’ dx dx x’

dU(x;ig(x)) _ g(lx) d];ix) B ;(;x))z dflch) . d(f(?;)xg(x)) — f(x) %@ dgcx) + g0 L2 f(x)
ST fOD = [2F (D] + 3 [F(m) + f(n)] + residue ; f;° e ™% dx =~
In N/ = NInN — N, for N>> 1 T ox™=1+x+x +.=—, <l

X — x? -X = x?
e —-1+x+—2—'+...,x<<1 e ——1——x+-27+-...,x<<1

1 amu =1.661 x 10% kg; C=12.01; N=14.01; O=16.00; Ne=20.18;

_ [enmkr3/? kT B 1 _ =[ h? ]1/2 .
Qtrans = [T] 5 Groe™ E’c—é: s qvib = 1_e—hca/kT * 2mmkT s
_ g e“El/kT . _ h _ h -1. _ 2
P;  Yigie—c/kT B. 8mw2cl 8m2cur? cm I=pre
2
Evrans = oo M ; &oip = (n + 3) heo ; £ror =T (J + 1) heB,
al
E=kT (a’”Q) ; A = -kTInQ; S = kT (Z2) + kinQ;
— [9E] . Strans . 5 3 _
Cy = [aT]V, ans — i T+ 2 m + In p— 1.15, p(bar)

dA= - SdT - pdV + pdN;




THE UNIVERSITY OF ZAMBIA

School of Natural Sciences
Semester I Examination, 2012

CHES43S Further Bio-Inorganic Chemistry

Time: 3 Hours November 2012
Instructions:
Answer any Four (4) Questions. _

Show clarity in your answering.

Question 1

(i) A student prepared a compound with empirical formula Pt(NH;)Cl,,
which showed potency as anti-tumour agent for regression of both fast
and slow-moving tumours.

(a) Show the geometrical isomers of the compound
(b) Explain how the compound acts towards cancer growth.

(i)  Choosing an appropriate ligand type for chelation therapy requires a
thorough understanding of what metal site the ligand should bind.
Outline steps essential to achieving this.

Question 2

(i) What is depicted in Fig (c) and explain its
function? What other types of such
proteins are known?

te)
(ii) Indicate four types of reactions in which these proteins are involved in.



Question 3

Study the diagram below. Methylcobalamin is a cofactor or coenzyme in
Methionine synthase(MS).

salam

oMl trghc ol

Methionine. Sw B

| Homoeysteine

- ome émrnm&m:mwwmw 4
i ,a»-j *fansmams{rwi : roup (- GH mm;mmymme‘
geoug (- CHghovitamin By, $ 4o form maﬂmmm ;

§ T T v h

(a) Write briefly on vitamin Biz.

(b) Explain the term coenzyme, and the structure and name of the other
vitamin B12 coenzyme.

(¢) What is vitamin B12 deficiency aneamia?

(d) What are the effects of vitamin B12 deficiency?

Question 4

(1) Write down reactions catalysed by the following

(a) Cytochrome c oxidase
(b) Catalase

(¢) Superoxide dismutase
(d) peroxidase

(ii) Demonstrate mutase activity in cobalamin-dependent enzyme (coenzyme
B12) from the following:-

(i) HO,CCH(NH;)CH,CH,COOH = ?

(i) CH3;CH(OH)CH,OH =—> ?——> ?

(iii)  HNCH,CH,OH —> ?
(C(0)-S-CoA

(iv)  H;C-CHCH; =—> ?

(iii)  Show the mechanism for reactions in (ii).




Question 5

(i) Using the equation, [Fe-complex] + O, —> [Fe-complex].O;, and by
making relevant assumptions show how you can derive the Hill Equation.

(ii) Compare and contrast the Weiss and Puling explanation of dioxygen
binding with blood.

(iii)  Describe the functions of the Type I blue copper protein.

END OF EXAM




UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2012 ACADEMIC YEAR SECOND SEMESTER
FINAL EXAMINATIONS

CHE 5522: NATURAL PRODUCTS CHEMISTRY
TIME: THREE HOURS

INSTRUCTIONS

Answer any four questions
Total marks 120

Question one

Pyruvic acid is a necessary compound in Natural Products Chemistry. It is the spring board for
all the biosynthetic pathways as shown below.

CH,CHO > CH;CO,H [—=> CH;COSCoA

Ethanal Ethanoic acid AcetylCoA
——0
O
C——> HO— [C—> DMAPP and IPP
——OH
CO,H
Pyruvic acid CH,OP
1-Deoxyxylulose
CO,H
OP
)\COZH ‘\\\
HOW = OH
Phosphoenol pyruvic acid OH

Shikimic acid



(a) What do the letters DMAPP and IPP stand for?

(4 marks)
(b) Provide reagents and mechanisms for conversion of pyruvic acid to ethanal.

(¢) Describe the steps and mechanisms for the biosynthesis of shikimic acid.

(7 marks)
(10 marks)
(d) Provide a detailed account for the transformation of acetylCoA to IPP.
(9 marks)
Question Two

The shikimate pathway uses shikimic acid as the starting material for several natural products.
(a)

How is shikimic acid converted to p-hydroxybezoic acid?

(9 marks)
(b) Describe the preparation of salicylic acid from shikimic acid.
(11 marks)
() Show the steps for the transformation of chorismic acid to the 3-(p-
hydroxyphenyl)pyruvic acid.
(10 marks)
CO,H
HO
COH
—— 0
= o
&H

HO,C

3-(p-hydroxyphenyl)pyruvic acid
Chorismic acid

Question Three

(a) The terpene carbon skeletons are largely biosynthesized from DMAPP and IPP. Write
mechanisms for the changes from these two moieties into GPP to FPP to GGPP.

(10 marks)



(b) Ionization of GPP gives a cation which on rearrangement leads to several other cations.
Give the stepwise rearrangements from ionization of GPP to the given cations below.

(10 marks)
A
OPP AN
= i/\@ @j

AN

(c) Enzyemic oxidation of geranial gives the «, B-unsaturated dialdehyde which when
exposed to other enzymes, water and acid gives the iridodial hemiacetal. Advise on the
mechanism transforming the dialdehyde to the hemiacetal using acid and water.

(10 marks)
\ CHO \ CHO
— —
0]
HO
OH
Geranial CHO

Dialdehyde Iridodial hemiacetal




Question Four

a) Write a biosynthetic procedure for hexanoic acid using acetate derivatives.
(10 marks)
b) Itis the unsaturated fatty acids that easily transform to prostaglandins in the presence of
radical oxygen. Give the mechanism for the conversion arachidonic acid to PGDE,.

(10 marks)
CO.H

PGDE,

¢) Provide the steps and mechanisms involved in converting the tetrapolyketide to orsellic
acid and phloracetophenone.

(10 marks)
HO

/ ' coan
OH  Orsellic acid
WCO?SCOA

o} (o] 0]
OH O

HO OH

Phloracetophen(;\e




Question Five

hrough radicals; some examples are formation of lignins

a) Several reactions of phenols go t
and isoflavones. Show all intermediates in the transformation of # chalcone to the

isoflavone. (10 marks)
. HO I OH l OH
\
OH O
Chalcone
HO, o
OH (o]
Isoflavone OH

w and a mechanism for the step.

b) Provide reagents or cofactors for the reactions given belo
(10 marks)

CO,H
—_—
NH2 NHZ

¢) What class of compounds may one use to react with tyramine to form
tetrahydroisoquinoline alkaloids? Write a mechanism for the formation of

tetrahydroisoquinolines from tyramine.

—_—
NH, NH
HO HO
A

Tyramin
yramine Tetrahydroisoquinolines

(10 marks)

END OF EXAMINATION




UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2013 ACADEMIC YEAR SECOND HALF
FINAL EXAMINATIONS

CHE 5522: THE CHEMISTRY AND BIOSYNTHESIS OF NATURAL PRODUCTS
TIME: THREE HOURS

INSTRUCTIONS

Answer any four questions
Total marks 120

-

Question one
Select five cofactors from given list (see attachment) and

(a) Clearly indicate their active sites (centers that undergo change). (5 marks)

(b) Briefly describe with examples how each of the selected cofactor above is used during
biosynthesis of secondary metabolites. (25 marks)

Question Two

(a) Describe in detail how acetyl-CoA is converted to D-deoxyxylulose and mevalonic
acid. (20 marks)

(b) Shikimic acid is biosynthesized from pyruvic acid and a tetraose. Give the steps that
lead to shikimic acid. (10 marks)




Question Three
(a) Show how shikimic acid may be converted to benzoic acid and anthranilic acid.

(20 marks)
COzH COH
NH,
(D (ii)
Benzoic acid Anthranilic acid

(b) Conversion of geranial by enzymatic oxidation gives the a, B-unsaturated dialdehyde
which, in turn, undergoes an intramolecular cyclisation into the iridodial hemiacetal.
Advise on the mechanism transforming the dialdehyde to the hemiacetal in the presence

of acid and water. (10 marks)
X o X _-CHO
—) =
o)
HO
eranial CHO OH
crania Dialdehyde Iridodial hemiacetal

Question Four

(a) The biosynthesis of fatty acids and polyketides use acetyl-CoA as the starting material.
Starting with Acetyl-CoA, describe the biosynthesis of the two moieties with eight
carbons namely:

(1) caproic acid,
(ii) 6-methylsalicylic acid.

\/\/\/\COZH

Caproic acid CO,H

OH
6-Methylsalicylic acid
(20 marks)




(b) How might you decide whether eugenin is a metabolite of shikimic acid or from the
acetate pathway? (10 marks)

MeQ,

OMe O

Eugenin

Question Five

(a) Both 3-stachenol and steviol are referred to as ent-diterpenoids and are found in plants.

3-Stachenol Steviol
@) Draw the chair conformation of each compound. (10 marks)
(ii) Show how the carbon skeleton of one of them may be constructed from DMAPP
and IPP. (10 marks)

(b) Hordenine, a germination inhibitory alkaloid from barley, is biosynthesized from tyrosine
as shown below. Provide reagents or cofactors for the transformation and give a

mechanism for the first step. (10 marks)
CO,H
—_—
—_—
NH2 NMez
HO HO
Hordenine

(A germination inhibitory alkaloid)

END OF EXAMINATION



Cofactors
0 (0]
AN HyC N
’ NH, X NH
=
N* X
l HsC T N o
R R
NAD(P)* FMN and FAD
o}
S
)k s/ CO,H
HN NH
Lipoic aid
CO,H
S
Biotin
NH,
N \ N+¢\
’ s
Z = OPP
N
ThiaminPP
VitaminB ;PP
CHO CH,NH, CH,OH
HO, HO, HO,
‘ X op ‘ X op l A op
Z 4 =
N* + +
HsC l HiC T HiC T
H H H
Pyridoxal phosphate Pyridoxamine Phosphate Pyridoxine Phosphate
(PLP) ( PMP) (PIP)




Sugar moieties

CHO

CH,OH

D-Glucose

Moiety pathways

HsC——COSCoA

Acetyl-CoA

CHO
OH

CH,OH

D-Glyceraldehyde

DMAPP

OPP

O
)I\COZH
o—
Pyruvic acid
—OH
—OH
CH,OH
D-Deoxyxylulose
CO,H
HO OH
OH

Shikimic acid



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SIENCES
DEPARTMENT OF CHEMISTRY
2012 SESSIONAL EXAMINATIONS SEMESTER 1
22 NOVEMBER 2012
CHE 5635: INTRODUCTION TO STATISTICAL THERMODYNAMICS

TIME: THREE HOURS

INSTRUCTIONS: ANSWER: QUESTION I AND ANY THREE OTHERS.

DATA

Physical constants and other data you may wish to use are given on the A TTACHMENT,

QUESTION 1(40 MARKS)

a)

(i)

(i)

(1i1)

(iv)

b) ()
(ii)

Consider a system of nitrogen gas, assumed to be independent (i.e. non-interacting) and
indistinguishable at room temperature. The canonical partition function for such a system
is OV, V.T).

Write the canonical partition function of the system in terms of the molecular partition
function, g.

dlng

Show that for this system the entropy S = NkT 7

+ Nklni2
N

Calculate the translational temperature of a system of nitrogen gas contained in a cubic
box of length 0.1732 m.

How many translational energy levels contribute to the internal energy, E, of the system
at 300 K? (Hint: this question can be answered without calculation).

What is the symmetry number o and what is its importance ?

What is the symmetry number for nitrous oxide, N,O if its structure were linear NNO and
if it were linear NON?

Identify the following equation and all the symbols in it:
[

¢ = g-sor |0 B
’ @]

z|=,
2|,

=],
=

Question | continues to the next page.



d) The translational entropy, Spans, of @ monatomic gas is normally called the Sackur-Tetrode
equation.

(i) Show that at constant volume and temperature, the molar entropy of a system of a monatomic

. Sk 3 . . Lo . .
gas can be given as ?M =aq+ 51” m where a is a constant independent of the chemical identity of
the gas and m is the atomic or molar mass of the gas.

(if)  Calculate the approximate difference in the molar entropy Sg(Ne) - S%(He) of neon and heli
QUESTION 2 (20 MARKS)

Nitric oxide, NO (g), has two electronic energy levels at 300 K. In the ground state electronic
level J = ; and in the excited state J = é The low-lying excited electronic state level is 121.1 em’!

above the ground state. The moment of inertia and the vibrational frequency do not depend
appreciably on the electronic state of the molecule. Therefore, the electronic contribution to the
thermodynamic properties of NO (g) can be calculated separately. The degeneracy of an
electronic state is 2J + 1.

a) Write the electronic partition function, ge: of nitric oxide.

b) Calculate the electronic temperature, 6., of nitric oxide.

¢) Calculate the probability of occupation of (or the fraction of molecules in) the ground state.
d) Calculate the probability of occupation of (or the fraction of molecules in) the excited state.

¢) Calculate the Helmholtz free energy per mole of nitric oxide.

QUESTION 3 (20 MARKS)
The following questions relate to a system of vibrating heteronuclear diatomic molecules.

a) Discuss, briefly, the following partition functions:

1 e—hca/2kT
e = . d T ———
Tvib = T gheaser > 20d (yip 1—¢-hca/kT *

b) (i) What is the value of Gpip at T=0K?
(ii) What is the value of q;;, in the limit T — o0?
(i) Hence draw a labeled sketch diagram to show the variation of quip With temperature.
¢) (1) Derive an expression for the internal energy, ijib for one mole of vibrating molecules.

(i) What is the value of E;, in the high temperature limit T — o0?




QUESTION 4 (20 MARKS)

K. Clusius and R. Riccoboni, Z. Phys. Chem.; B38, 81 (1937), determined the entropy of xenon
from calorimetric data and found the value S9g = 170.29 + 1.2 J K™ mol™.

a) Using the methods of statistical thermodynamics, calculate the entropy of xenon at 298 K and
p = 1 bar. Compare it with the experimental value.

b) Calculate, also, the values of the thermodynamic functions
@) Cp,

(it) H/T; and

(iii) G/T.

QUESTION 5 (20 MARKS)

A molecule of carbon monoxide, CO, is placed in a volume of 1.500 cm® at 300 K. The
vibrational frequency, o = 2169. 8 cm", the rotational constant, B, = 1.9313 ¢m™ and the
dissociation energy, D, = 1070.2 kJ mol™'. Note: the energy zero is taken to be the bottom of the
well of the potential energy.

a) Calculate for the carbon monoxide molecule

(i) the equilibrium internuclear distance, r.,

(ii) the rotational temperature, 6,,,; and

(iii) the vibrational temperature, 8, .

b) Calculate the molecular partition function, ¢ = g,¢,4g-0ge; of carbon monoxide.

¢) Calculate the Helmholtz free energy, 4, per mole of carbon monoxide molecules. Assume that
the molecules are distinguishable and do not interact.

END OF CHE 5635 EXAMINATION
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CHE 5635: INTRODUCTION TO STATISTICAL THERMODYNAMICS

ATTACHMENT
DATA SHEET
N,;=6.02 x 10 mol™; k=138x10%JK"'; h=6.63x10"]s:
R=8314JK "' mol™; c=3.00x10°ms";  1eV=1.602x 10" J:
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2012 ACADEMIC YEAR FIRST SEMESTER
FINAL EXAMINATIONS

CHES711: MEDICINAL CHEMISTRY I
TIME: THREE HOURS

INSTRUCTIONS:

Answer any four questions. Max. Marks: 120

Question One

(a) (i) Briefly explain what is meant by ‘Pro-drug’. (2 marks)

(ii) The prodrug A was developed to overcome the problem of toxicity of a potent carcinoma drug
B. It has been shown that the prodrug A is converted in several steps into the active drug B in
vivo in man. Propose a plausible Sequence or reactions for the biotransformation of A into B.

(7 marks)
(o]
M o ;
O—P\:O | “NH,
N OH
S\
A cl B:

(b) Deficiency of a neurotransmitter DOPAMINE, 3,4-dihydroxyphenylethylamine in brain has been
implicated in the aeteology of Parkinson’s syndrome/disease. Briefly explain the following:
(2 marks each)

(i) Can DOPAMINE be used for the treatment of Parkinson’s syndrome?

(i) Can L-DOPA (3,4-dihydroxyphenylalanine) be used for treatment of Parkinson’s
syndrome?
1



(©) () Propose a synthesis for the antiviral drug C, currently used for the treatment of HIV-

AIDS. (12 marks)
o}
CH
HN | °
o}
c: N3 OH
(ii) Briefly explain the mode of antiviral action of the drug C. (5 marks)

Question Two

(a) Give the structure and mode of action of the currentl first choice antimalarial drug artemesinine.
(7 marks)

(b) Propose a synthesis for a potent antimalarial agent D, reported to be four times more potent than

chloroquin. (13 marks)
HN/\/\"OQ
X
I — D:
Cl N

(c) Cycloguanil palmoate is a long acting antimalarial drug ,but cycloguanil chloride has only short

duration of action. Explain. (3 marks)
d) () Suggest the reaction mechanisms for the following synthesis of a biologically active
compound E. (5 marks)

N _CH,CI N NHCH,

N CHaNH, \g

N

= \OZ ———N
Ph E: Ph \o:

(ii) State the principal medicinal usage of E. (2 marks)




Question Three

(a) Gamma aminobutyric acid (GABA) has been implicated in the aeteology of epileptic seizures. On

this basis explain the rationale for the use of GABA agonists for treatment of epilepsy.
(6 marks)

(b) Devise a synthesis for the anticonvulsant drug E from readily available non-heterocyclic starting
materials. State the reagents and reaction conditions for each step of your proposed synthesis.

(13 marks)
HsC CH,
HN
| AN
Z
//\N N
| NQ
N
H
© F:

(c) State the principal pharmacological effect(s) and briefly explain the mode of action of the

following drugs: (3 marks each)
(i) Diazepam
(ii) Carbamazepine (an iminostilbene)

(d) Briefly discuss the structure activity relationships in [—phenylethylamine CNS stimulants.
(5 marks)

Question Four

(a) Give a synthesis of the third generation quinolone antibiotic ciprofloxacin and briefly explain its
mode of antimicrobial action. (17 marks)




(b) (i) Naturally occurring [J—lactam antibiotics, penicillins/cephalosporins, are orally ineffective
for treatment of microbial infections. Briefly explain why. (4 marks)

(ii) Suggest an analogue of Pen V (phenoxymethyl penicillin)) with a view to improve its oral
bioavailability. (3 marks)

(iii)  Give a synthetic route for partial synthesis of the analogue you suggested in (ii) above
from any naturally occurring penicillin. (6 marks)

Question Five

(a) Briefly discuss the structure activity relationships in O—phenylethylamine CNS stimulants.

(5 marks)
b) (1) Suggest a synthesis of the potent anti-retroviral drug F, shown below. Assume that
piperazine is available. (12 marks)
H3C\|/CH3
HN
®
=
,/\N N
U
N
H
O
G

(ii) Give the mechanism of antiviral action of the drug F. (5 marks)

(c) Give a synthesis for the molecule H, shown below, and state its principal medicinal usages.

(8 marks)
COO(CH,),NEt,Me
H: 0
END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES
2012 ACADEMIC YEAR SECOND SEMESTER FINAL EXAMINATIONS

GEO 5892: GEOGRAPHIC INFORMATION SYSTEMS AND REMOTE SENSING
TIME: Three hours

INSTRUCTIONS: Answer any four questions.

All questions carry equal marks.

1. Medium and coarse spatial resolution remote sensing systems are invaluable and the data
from such systems have become widespread among the land cover/land use research
scientists. Compare and contrast between the two systems using one example from each.

2. Explain remotely sensed data radiometric pre-processing and its relevance.

3. Explain the theoretical basis of the Normalized Difference Vegetation Index (NDVI) and its
application in crop phenology characterization.

4. Define a data model and describe the two most commonly used data models.

5. Using an example of your choice, explain why a geographic information system (GIS) is
considered as a process to aid decision making.

6. Choma, being a new capital of Southern Province, is expected to experience rapid
infrastructure development. An investor who wants to use GIS to find a suitable location for
a shopping mall, has a roads layer with the following data attributes: (i) Geographic
Coordinate System: GCS_WGS_1984 and (ii) Datum: D_WGS_1984. A block of twelve
analogue aerial photographs are available for use in preparing a current land cover/land use
(LC/LU) map. Explain the steps you would undertake in producing a digital LC/LU map of
Choma to be used in the GIS analysis.

END OF EXAMINATION




TIME:

THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES
2013 ACADEMIC YEAR FINAL EXAMINATIONS
GES 5595: NATURAL RESOURCES ECONOMICS

Three hours

Instructions: Answer ONE and any other THREE questions. All questions carry

equal marks. Use of approved calculator is allowed.

. Conventional ploughing causes soil erosion with onsite effects such as loss of soil

health and off-site effects such as siltation in the nearby lake. A terracing project is

proposed to minimise the soil erosion. This project will have the following economic

effects:

- Initial investment at 350,000 ZMK

- Annual maintenance cost at 5,000 ZMK

- Improved crop yield at 40,000 ZMK per year

- In the event that the project is not carried out, removal of silt from the lake will
have to be done in year 10 and again in year 20, at a cost of 250,000 ZMK each
time. This cost will be avoided if the project is implemented.

a) Calculate the net present value of the project with 10% discount rate and 20 years
project lifetime. Should the project continue? Explain.

b) Calculate the net present value of the project with 20% discount rate and 20 years
project lifetime. Should the project continue? Explain.

¢) What are the implications of discount rates on management decisions?

Define Hartwicks’ rule and assess its implications in the development pathway of
countries like Zambia.

Discuss socio-economic implications of deforestation and suggest mitigation
measures for the negative effects.

‘Payments for Ecosystem Services (PES) is an agenda for the developed countries to
control the development process of developing countries’. Discuss.

Explain problems associated with efficient allocation of water resources in Zambia
and suggest ways of minimizing these problems.

Explain how the following modify human and firms’ behaviour in the utilization of
natural resources:

a) Taxes

b) Seasonal bans

c) Subsidies

d) Pedagogic measures

¢) Tradable permits.

END OF EXAMINATIONS




TIME:

THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2013 ACADEMIC YEAR FINAL EXAMINATIONS
GES 5625: ENVIRONMENTAL LAW

Three hours

INSTRUCTIONS: Answer any FOUR questions

All questions carry equal marks

1.

Two days after your graduation from a short course on environmental law in Zambia, you
decide to go to Soweto market for the usual morning bargains. While there, you overhear
a group of vendors arguing about who is responsible for maintaining the unsightly market
surroundings. One of the vendors argues that he pays a daily fee of K5 which he has been
told is surrendered to the local authority for sanitation. Another vendor emphatically
argues that he cannot be responsible for the maintenance of the surroundings because he
is aware that the newly enacted Environmental Management Act, No. 12 of 2011
provides that “every person living in Zambia has the right to a clean, safe and healthy
environment” which includes “the right of access to the various elements of the
environment for recreational, education, health, spiritual, cultural and economic
purposes.” Prepare short notes on how you would participate in this discussion.

The term “environmental law” is defined in several ways in different publications and
legislation.

(a) Clearly outline what “law” and “environment” encompass (10 marks).

(b) What is the purpose of environmental law? (5 marks).

(¢) In your view, what should be the most important considerations in defining what
international and national environmental law should include? (10 marks).

Write short explanatory notes on how environmental law in Zambia relates to ALL of the
following:

a) Sustainable development (5 marks)
b) Polluter pays (5 marks)



¢) Access to environmental information (5§ marks)

d) Precautionary principle (5 marks)

e) Community participation and involvement in natural resources management and
sharing of benefits. (5 marks)

4. Section 3 of the Environmental Management Act No. 12 of 2011 provides as follows:

Subject to the Constitution, where there is any inconsistency between the
provisions of this Act and the provisions of any other written law relating to
environmental protection and management, which is not a specific subject related
to law on a particular environmental element, the provisions of this Act shall
prevail to the extent of the inconsistency.

(a) Explain what this section means in relation to other sectors of Zambia’s economy. (10
marks)

(b) In your view, what challenges are there in realizing the provisions of Section 3 of the
Environmental Management Act? (15 marks)

5. A recent research argues that:

It is well settled in modern times that securing environmental well-being ranks
highly on the global political agenda. In this vein, environmental law and policy
have been identified as ‘basic conceptual tools for environmental management’.
Law is a cross-disciplinary topic with an increasingly important role to play in
environmental sustainability. Science and technology are therefore important
underlying considerations in ensuring global environmental sustainability.

Discuss whether you agree or disagree that science and technology should influence the
present day environmental law making process.

6. Outline the sources of environmental law, clearly relating them to the development of
environmental law in Zambia.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES
GES 5645: SUSTAINABLE LAND MANAGEMENT AND FOOD SECURITY

2013 ACADEMIC YEAR FINAL EXAMINATIONS
TIME: Three hours

Instructions: Answer any four questions

1. With the use of examples, show how small scale farmers in sub-Saharan Africa were able
to devise indigenous food production systems that could be designated as being based on
sustainable land management.

2. Explain any four factors that contribute to the unsustainable use of land resources in
Zambia and suggest measures to address the challenges.

3. Write short explanatory notes on all of the following approaches to addressing food
security

a. Market based approach

b. Production based approach

c. Human Right based approach
d. Social welfare approach

4. ‘Some indigenous food production systems can be a basis for the promotion of adaptive
approaches to climate change in sub-Saharan Africa.” Explain

5. ‘Food insecurity will never be reduced because it supports a global big business
networks’ Discuss

6. ‘Food security is assessed at various levels of social organisation’. Using examples,

explain the linkage between the choice of food security indicators and the levels of food
security assessment in society?

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES
GES 5665: FORESTS AND WILDLIFE MANAGEMENT
2013 ACADEMIC YEAR FINAL EXAMINATIONS
TIME: Three hours

INSTRUCTIONS: Answer any four questions

1. Critically discuss the concept of ecological succession and explain how it has historically
influenced forest conservation.

2. “The Payments for Ecosystem Services (PES) conservation paradigm has the potential to
mitigate the deficiencies of both fortress and community based conservation’. Discuss.

3. Elucidate how poverty, globalization of trade and westernization of diets threaten wildlife
resource sustainability.

4. Explain the main causes of human wildlife conflicts around protected areas in Zambia, and
suggest ways in which such conflicts could be minimized.

5. “If local people do not support protected areas, then protected areas cannot last” (Ramphal,
1993:56). Discuss this assertion with reference to wildlife resources in Southern Africa.

6. Discuss the role of traditional institutions in conservation of biodiversity in rural Africa.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2013 ACADEMIC YEAR FINAL EXAMINATIONS
GES 5715: CLIMATE CHANGE AND SUSTAINABLE DEVELOPMENT

TIME: ~ Three hours

INSTRUCTIONS: Answer any FOUR questions
All questions carry equal marks

1. Write short explanatory notes on ALL of the followmg
a) The ALARP Model
b) The concepts of resilience and adaptation
¢) Radiative forcing
d) The earth’s elliptical orbit and its implications on earth surface temperatures
e) Albedo and clouds

2. ‘Climate change, sustainable development and poverty reduction are mutually reinforcing
and structurally linked such that failure in one is most likely to undermine the other two’.
Discuss.

3. The earth’s present mean temperature is a result of interactions between the sun, the
atmosphere, and the earth’s surface. Explain with the aid of a diagram

4. Suggest climate change mitigation measures in any three economic sectors that
developing countries can undertake in thelr efforts to transition into low carbon
economies.

5. “Throughout the 4.5 billion years of the earth’s existence, its climate has been in constant
evolution’. Discuss this statement and describe the natural factors that account for this
evolution.

6. Developed countries have used a disproportionate share of the ‘carbon space’ (also
known as development space) which developing countries now badly need to meet their
primary goal of poverty alleviation. Explain how this reality will pose a challenge to
agreeing on a legally binding framework in 2015 that places heavy carbon cuts on both
developed and developing countries.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES
2012 ACADEMIC FIRST YEAR FINAL EXAMINATIONS
GES 5881: RESEARCH METHODS

TIME: Three hours

INSTRUCTIONS: Answer any four questions. All questions cai‘ry equal marks.

1. Using an example, examine the steps that a researcher would follow in an experimental
research design

2. a) When reviewing literature, what is being searched for?

b) Based on a research topic of your own choice, create a literature ‘map’ and
provide a justification for it.

3. Explain how critical realism and interpretivism attempt to mediate against the
deficiencies of the positivist approach in environmental research.

4, Using any research topic of your choice:
(a) State the aim of your study.

(b) State four specific objectives related to your topic and explain why each of
the objectives is suitable and study.

(©) Justify your study.

5. ‘Quantitative research design strategies differ in many ways such as in purpose, process
and data collection’. Discuss on the basis of the three mentioned characteristics, any
three design strategies.

6. Examine and contrast ethnographic and survey research designs.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES
2013 ACADEMIC YEAR FINAL EXAMINATIONS
GES 5881: RESEARCH METHODOLOGY
TIME: Three hours |

Instructions: Answer question ONE and any other THREE questions. All questions
carry equal marks. Use of your research proposal is allowed.

1. Study the statistical analysis oﬁtput from Minitab version 14.0 done by, Sililo Sililo, a
postgraduate student to determine factors influencing the size of land owned in Kabangwe
Ward of Lusaka. ’ : :

Regression Analysis: ‘

The regression equation is »
Area of land owned = - 0.494 - 0.037 gender + 0.0150 age + 0.0403 education

+ 0.0979 monthly income ~-0.0290 workshops attended + 0.316 loan
- 0.0511 household size

410 cases used, 230 cases contain missing values

Predictor . ' Coef . SE Coef T P

Constant ’ -0.40942  0.05815 -0.85 0.396
gender ’ _— ~0.00367 0.03038 -0.12 0.904
age . 0.15006 ' 0.06531 2:30 0.022
education (years) o 0.04033 0.03627 1.11 0a.267
monthly income (zmk) 0.08782 0.03827 2.56 0.011
workshops attended ~-0.02904 0.05823 -0.50 0.618
loan accessed (zmk) 0.31561 0.04914 6.42 0.000
household size ~-0.05107 0

.01535 3.33 0.001

§ = 1.83236 R-Sq = 26,0% R-Sq(adj) = 24.4%
Analysis of Variance :

Source DF SS MS F P
Regression 9 472.258 52.473 15.63 0.000
Residual Error 400 1343.014 3.358

Total 409 1815.272

a) Suggest a hypothesis that the student was testing

b) Explain how the 410 sample could have been chosen and give a reason for your
answer

¢) Interpret the results ‘

d) Based on your hypothesis in (a) and your interpretation in (c) what conclusions can
you make? :

e) How different is this method of analysis from content analysis?



. Explain the concepts of epistemology and ontology and show how the two concepts
influenced your choice of research methods in the development of your proposal.

. Explain practical challenges that you faced in the process of research proposal writing
and suggest how you plan to or have addressed them.

. Drawing on the literature review section of your proposal, explain:

a) How the literature review process led you to the identification of the research
problem.

b) Two core concepts underpinning your study and the role literature review process
played in the conceptualisation of your study.

¢) Two research methods most often used in studying similar research problems and
the limitations of such methods.

. Based on your research proposal:

a) State one objective and a respective hypothesis or research question

b) Develop a sample of data collection sheet for the objective in (a).

¢) Outline how you would proceed from sampling to conclusions for your findings
on the objective in (a).

d) What are the possible limitations associated with the processes in (c).

e) State three ethical obligations you will have to observe in your research process.

. Evaluate the appropriateness of web-based sources (such as Wikipedia), academic books,
and academic journals in terms of:

a) Reliability of information

b) Linkage to theoretical debates

c) Breadth of coverage

d) Coverage of current events.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2013 ACADEMIC YEAR FINAL EXAMINATIONS

GES 5892: GEOGRAPHIC INFORMATION SYSTEMS & REMOTE SENSING

TIME:

Three hours

INSTRUCTIONS: Answer any FOUR questions

All questions carry equal marks

. Discuss the significance of Normalized Difference Vegetation Index (NDV]) in

combating climate change.

You have been asked to perform a time-series change detection analysis on Lusaka
Province between 1980 and 2014. Describe important sensor considerations you must
take into account in terms of spatial, spectral and temporal resolutions and costs.

. Explain using practical examples how a GIS practitioner working for the Disaster

Management Unit (DMMU) in the office of the Vice President can use GIS in conducting
a risk assessment on flash floods in Chembe district.

Provide five examples of how remote sensing and GIS data can be integrated when
solving environmental problems.

Describe how you would perform supervised and unsupervised classifications on remote
sensing imagery and assess the accuracy.

Explain the significance of geo-referencing data in GIS and describe how you can geo-
reference a topographic map in ArcGIS.

END OF EXAMINATION



The University of Zambia
School of Natural Sciences
Department of Mathematics & Statistics
First Semester Examinations - November 2012

MAT5111 - Ordinary Differential Equations & Integral Equations

Time allowed : 3hrs

Instructions: e Attempt all five (5) questions. All questions carry equal marks.
e Full credit will only be given when necessary work is shown.

e Indicate your computer number on all answer booklets.

This paper consists of 8 pages of questions.

1. a) Given an initial value problem

y' )= ty®), a<t<b, yla)=a,
define the following :-
i) a Lipschitz condition.
ii) a well-posed problem
iii) a non-autonomous differential equation
b) Let A be areal n x n matrix and consider the equation ' = Azx. Show that the
function

X

i) ¢t eMv is a real solution if and only if A € R, v € R™ and Av = \v.

ii) If v # 0 is an eigenvector for A with eigenvalue A\ = o + i3 such that 8 # 0, then
the imaginary part of v is not zero and that if v = u + tw € C®, then there are

two real solutions
t — €**[(cos B t)u — (sin 8 t)w]
t — e**[(sin B t)u + (cos B t)w)]

1




THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2013 ACADEMIC YEAR FINAL EXAMINATIONS

GES 5892: GEOGRAPHIC INFORMATION SYSTEMS & REMOTE SENSING

TIME:

Three hours

INSTRUCTIONS: Answer any FOUR questions

All questions carry equal marks

. Discuss the significance of Normalized Difference Vegetation Index (NDVI) in

combating climate change.

You have been asked to perform a time-series change detection analysis on Lusaka
Province between 1980 and 2014. Describe important sensor considerations you must
take into account in terms of spatial, spectral and temporal resolutions and costs.

. Explain using practical examples how a GIS practitioner working for the Disaster

Management Unit (DMMU) in the office of the Vice President can use GIS in conducting
arisk assessment on flash floods in Chembe district.

Provide five examples of how remote sensing and GIS data can be integrated when
solving environmental problems.

. Describe how you would perform supervised and unsupervised classifications on remote

sensing imagery and assess the accuracy.

Explain the significance of geo-referencing data in GIS and describe how you can geo-
reference a topographic map in ArcGIS.

END OF EXAMINATION




b)

iii) Show that the solutions in (ii) are linearly independent.

Given the initial value problem
y (t) =1+tsin(ty), 0<t<2, (0)=0,
show that a unique solution exists to the above initial value problem.

State and prove Growall’s inequality.
Let ¢ and ¢ be two solutions of the initial value problem, z' = f(t,z) ,z(l) = zq ,
|t — to] £ a. Use Gronwall’s inequality to show that ¢ = 1.

Solve the equation

fy=1+ [ Ot ult—s)f(s)ds 20

by reducing it to an equivalent initial-value ODE problem. Hence show that the

equation is stable (solutions tend to zero) if A, u < 0.

Given a linear system = = A(t)z(t), define the following :-
i) a fundamental set of solutions.
ii) a fundamental matrix solution.
iii) a resolvent matrix
Let ¢ and 1 be two fundamental matrix solutions to the linear system z' = A(t)x(t)
(where A € M,(K)). Show that there exists a constant non-singular matrix
C € M,(K) such that ¢(t) = ¢(¢)C for all t € I.

Show that the resolvent satisfies the identity

0 .
35 R(t,s) = —R(t,s)A(s) .

Given the initial value problem y' +y = 0, y(0) = ¢, ¢ € R. Use Picard’s successive

approximation to find a solution to the IVP.

Let f be continuous and locally Lipschitz on a domain R defined by

R={(t,x)}: |t —to| <a,|z—xzo| <b
for a,b > 0. Let
. b
M = supg »yer || f(t, ) [|[< o0 and o =min { a, 5 | -

Show that the sequence defined by Picard’s successive approximation method con-

2




5. a)

b)

verges uniformly on the interval |t — to] < .
Show that if the sequence of functions ¢,(¢) in b) converges uniformly and are
continuous then the sequence leads to the integral form of the solution for the initial

value problem.

Consider the Volterra equation of the second kind

£6) = g(t) + /Ot K(t,s, f(s))ds, 0<t(<T. (1)

i) Show that a second-order differential equation y" = f(x,y) can be written in
this form.

ii) Show that an integro-differential equation of the form

f'(r)= /OT m(7,s)f(s)ds + r(r), f(0y=0

can, by integrating both sides over the interval [0, ¢], be written in the form of
equation (1).
Given K(t, s) is continuous on 0 < s < ¢ < T and g(¢) is continuous in 0 < ¢ < T,
show that the linear Volterra equation of the second kind has a unique continuous

solutionin 0 <t < T.

END!
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Instructions: e Attempt any (5) five questions. All questions carry equal marks.
e Full credit will only be given when necessary work is shown.

e Indicate your computer number on all answer booklets.

This paper consists of 3 pages of questions.

1. a) Let V(z,y,2) = (P(z,v, z), Q(x,y, z), R(z,y, 2)) be a vector ficld in some domain {2

of R® that is non-vanishing in Q, and P,Q, R € C(Q). Define the following:-
(i) an integral curve of the vector field V.
(ii) a first integral of the vector field V.

b) Solve the system
dr _dy _ dz

y+z Yy zT—Y
and show that the resulting first integrals are functionally independent.

bl

2. a) (i) Find the general integral of

T2y + Y2y = 2 .

(ii) Use the general integral obtained in (i) to find corresponding solutions to the

differential equation when the arbitrary function is given as F(uy, uy) = u1 — Uz

and F(uy,up) = w1 — u3
b) Given z = u(z,y), find a general solution to the partial differential equation

UlUg + YUy = T -



3. a)

4. a)

5. a)

b)

Use the method of separation of variables to transform the wave equation

Pu_10%
or2 2?2 Ot?

into two ordinary differential equations.

Hence or otherwise solve the above PDE on the interval z € [0, L] subject to the

conditions that

w(0,t) = 0, u(L,)=0
u(z,0) = sin(rz/L)+ sin(2rz/L)
ut(:c,O) = 0

Derive D’Alembert’s solution for the wave equation

Ou 1 9%y

@—-0—2&? (—‘OO<£C<OO,t>0).

Use the result obtained in part a) to find a solution to the wave equation

0%u 0%u

5;:4_8_15—2 (—o <z <00,t>0).
subject to
u(z,0) = e (—o0 < z < 00)
Ou (z,0) = ze ¥ (—o0 <z < 00)
ot '

Find the general solution of the quasilinear equation
0 0
[y(w+y)+z]5§+ [z(z +y) —Z]-é?j = z(z +y)
Solve the non-linear unidirectional wave equation
0z (0= "o
ot ox)

subject to z(x,0) = xd where d is a constant.



y=xz+1, 2 =1, x>0
b) Show that the heat equation
Ou _ 0%u
ot 0x?

with initial condition u = 0 for 0 < z < 5 at t = 0 and with

=0 atz =0 Vt>0

S
S

and

has the solution

1 (=) 2

u(z,t) = 13 + % — Z 53 e~ @™t cos 2nm
n=1
END!
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This paper consists of 3 pages of questions.

1. a) (i) State Hermite’s differential equation.

(ii) Prove that the Hermite polynomial can be expressed by

Ho(z) = (—1)res® L (e—xz) .

dz™

(ili) Prove that the Hermite polynomials, satisfy the recursion formula

Hp(z) = 2zH,(z) — 2nHp 1 () -

b) (i) Establish the relation between the Gamma and Beta functions.
(ii) Derive the duplication identity formula for the Gamma function

1 VIIT(2P + 1)
F<P+§>: PPT(P+1)

c) Evaluate the following:-
(i) r(3)
i) I'(-3)



2. a)

Define the following

(i) Gamma function

(ii) Beta function

(iii) Member of the family of cylinder function

Prove the following

| T AR G
(i) Jen)=-Lz) = J(2),  where J,(2)= (;) ; K'T(v+k+1)
y d , _, —v i i i

(i) = (27Co(2)) = =27 Coia(2) where C,(z) is a cylinder function.

Evaluate the following

w/2
(i) / cos  cosec’6 df
0

(ii) / 2?2 % dg
0

3. a) The generating function for the Legendre polynomials is given by

c)

o

1
—_— = P.(x)t™.
V1 =2zt + t2 ; (=)

(i) Derive the recurrence formula

2 1
n -+ xPn(x)— n
n+1 n+1

Pn—l (CIJ)

Pn+l (‘T) =

(ii) Derive the expression for P4 (0) and Fs (0).

(i) State the Legendre’s associated differential equation.

(ii) Write the Legendre associated function in terms of ordinary Legendre functions.
(

iii) Prove that Laguerre polynomials satisfy the recursion formula

Lo1 (z) = (2n+1—2) L, (x) = n®Lny ()

Verify that Legendre associated functions of first kind are orthogonal by evaluating

1
| P@Pi@a.
-1
given that
1
Py(z)=1,P(z) =2 ,P(z) = > (32 — 1) and P3(z) = —;— (5z° — 3z) .



5. a)

b)

c)

(iii)

State Laguerre’s differential equation

Write the expression of Laguerre polynomial as a solution to Laguerre’s
differential equation.

Prove the orthogonality of Laguerre polynomials L, (z) and L., (z), when
n # m.

State the Dirichlet conditions.

Show that the coefficients for the Legendre series expansion are given by

Ak=2k

> [ @) P @

If

1 if ze(-1,0),
f(‘”)_{o if ze(0,1).

Py(z) = -1, Py (z) = —z , write down the first four terms of the Legendre

series expansion of f(z).

Evaluate the following

(i)

(i)
(1)

(i)

(1)
(i)

/ac5 Ja(z) Jo(z) dz

/ 2 J_u(z) Jo(z) do
Let I'(z) be the integral representation of the Gamma function. Prove that it

can be expressed as

n!n?
M) =t ey )

Prove that the Legendre polynomial can be written as

1 d» n
Pl@) =g g (1

Prove that the Legendre functions are orthogonal in the interval (-1, 1).

Show that

Show the following
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Instructions : There are six(6) questions. Answer ANY FIVE (5) questions. All

questions carry equal marks. Show all yocur working to earn full marks.

Define an algebra on a non empty set X.
Define a o-algebra on a non empty set X.
Let A ={A CR: Either A or A° is countable}. Prove that A is a o-algebra.
Let X be a set. Prove that the intersection of an arbitrary non empty collection of
o-algebras on X is a o-algebra on X.

Let A be a o-algebra of subsets of X and let Y C X. Show that
ANY ={ENY: Ee€ A}

is a o-algebra of subsets of Y.
Let X be a set, and let A be an algebra on X. Prove that A is a o-algebra if A is

closed under the formation of unions of increasing sequences of sets.

Define the outer measure u* of a subset E of R.

Define the Lebesgue measure u of a subset E of R in relation to the outer
measure.

If A is such that p*(A) < oo and there is a measurable subset B C A with

pu(B) = p*(A), show that A is measurable.

1



(b) (i)

(i)

(i)

(i)

Let f: E — Ry be a function, where E is a measurable subset of R. When is f
said to be a measurable function?
If f and g are measurable functions on E and their sums and squares are also
measurable, prove that fg is also measurable.
Show that if f is measurable, then the set {x : a < f(z) < b} is measurable for
each pair of real numbers a and b.

Prove that p* is countably additive on the collection of all measurable subsets of R.

Let {fa}s2, be a sequence of measurable functions with f, : E — R, for each n.
Prove that:
p = inf,, f, is measurable.
k = sup,, f, is measurable.
Let E be a measurable subset of R with u(E) < oo, and let f and {f,}%, be
measurable and finite almost everywhere on E. Prove that for each pair of positive
real numbers § and ¢, there exists a measurable set A C F and an integer ng such
that u(E — A) < e and |f(z) — fo(z)| < 6 for all z € A and n > ny.

State and prove Egorov’s theorem.

Let

0, otherwise.

folz) = { -n?,  z€(0,3)

Show that
lim fn(:v)dx#/ lim f,(z)dz.
R Rn—)oo

n—oo
Explain why this does not contradict Fatou’s lemma.
State and prove the Dominated Convergence theorem.

Forn > 1, let

3=

0, ze(0,5)U(31).

' 2n

2n?, S+ <z<
fn(x) = { on
Verify that the Dominated Convergence theorem does not hold for the sequence

{fn}-
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1. (a)(i)
(i)
(i)
(b)

(i)

(i)

(ii)

Define an algebra on a non empty set X.
Define a o-algebra on a non empty set X.
Let A= {ACR: Either 4 or A° is countable}. Prove that A is a o-algebra.

Let X be a set. Prove that the intersection of an arbitrary non empty collection of

o-algebras on X is a o-algebra on X.

Let A be a o-algebra of subsets of X and let Y C X. Show that
ANY ={EnY: E ¢ A}

Is a o-algebra of subsets of Y.

Let X be a set, and let A be an algebra on X. Prove that A4 is a o-algebra if A is

closed under the formation of unions of increasing sequences of sets.

Define the outer measure u1* of a subset E of R.

Define the Lebesgue measure o of a subset E of R in relation to the outer
measure.

If A is such that u*(A) < co and there is & measurable subset B C A with
1(B) = u*(A), show that A is measurable.




(b)(3)

(i)

(i)

Let f: E — Ry be a function, where E is a measurable subset of R. When is f
said to be a measurable function?
If f and g are measurable functions on E and their sums and squares are also
measurable, prove that fg is also measurable.
Show that if f is measurable, then the set {2 : a < f(z) < b} is measurable for
each pair of real numbers a and b.

Prove that u* is countably additive on the collection of all measurable subsets of R.

Let {f,}52, be a sequence of measurable functions with fo 1 E — Ry for each n.
Prove that:
p = inf,, f, is measurable.
k = sup,, f, is measurable.
Let A be a o-algebra and f: A — R where A € A.
Define F = {B € R: f~!(B) € A}. Prove that F is a o-algebra.

State and prove Fatou’s lemma..

Let
(@) ={ e we )

0, otherwise.

Show that
lim/fn(x)dxaé/ lim f,(z)dz.

Explain why this does not contradict Fatou’s lemma.
State and prove the Dominated Convergence theorem.

Forn > 1, let

2n?, L <z<i
fa(z) = on 1 " 1
O, S (0’577)U(7_z’1)

Verify that the Dominated Convergence theorem does not hold for the sequence

{/n}-

Explain why the Dominated Convergence theorem can not work.

2




5. (a)

END.

Let
1

flz) = Vel+na)

Show that f € L3[1, 00).

If1<p<g<ooand u(E) < oo, prove that LY(E) C LP(E).

If u(F) < oo, f is measurable and f € L*(E), prove that f is integrable by directly

applying Holder’s inequality.

If0<p<q<r< o0, prove that LP N L' C L9 and ||f]], < IFIRI £, where

A € (0,1) is defined by
I A 1=

qa p T
State and prove Holder’s inequality. You may use the fact that if p>0and aand b

are any nonnegative reals, ab < % + %q.
Use Holder’s inequality to show that if M(E) = K for some constant K, then if

1 <p<ooand f e LP we have that f € L! and 1l < ||prK% where p and ¢

are conjugate indices.



END.

Explain why the Dominated Convergence theorem can not work.

Let
1

T

Show that f € L3[1, c0).
If 1 <p<g<ooand u(F) < oo, prove that LI(E) C LP(E).
If u(E) < oo, f is measurable and f € L3(E), prove that f is integrable by directly

applying Holder’s inequality.

If0<p<g<r<oo,prove that L» N L™ C L7 and || f|lq < [FIMIfll3", where

A € (0,1) is defined by

State and prove Holder’s inequality. You may use the fact that if p > 0 and a and b

be

. P
are any nonnegative reals, ab < “? + 3

Use Holder’s inequality to show that if u(E) = K for some constant K, then if
1 <p<ooand f € LP, we have that f € L! and || f||; < ||f||pK% where p and ¢

are conjugate indices.
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Instructions:

(i) There arc five questions in this paper

(ii) Answer any four

(iii) All questions carry equal marks

1. Let T: V — W be a linear operator between vector spaces. Prove the following:

(a) 1.

ii.

iil.

ii.

iii.

The range R(T') is a subspace of W.
If dim(V) < 00, say dim(V) = n, then dim(R(T)) < n.
The null space N(T') is a subspace of V.

i. If a normed space X is finite dimensional, prove that every linear operator on X

is bounded.

IfT: X — Y is a linear operator between normed spaces, prove that T" is bounded

if and only if it is continuous.

Let T : R® — R” be the linear operator defined by (z1, z2, ..., Zn) & (=21, T2, ..., Tn ).
Verify that dim(R") = dim(N (7)) + dim(R(T)).

2. (a) Let T: V — W be a linear operator between vector spaces. Prove the following:

i.
ii.

iii.

ii.

T is injective if and only if N(T) = {0}.
If T-' exists, then it is a linear operator.

If T is bijective and S : W — Z is another bijective linear operator, then (ST)7! :
Z — V exists and (ST)~! =T-187L

i. Suppose that X is an n dimensional vector space and E = {ej, e, ..., e, } is a basis

for X, prove that dim(X™*) = n.

If X is a normed space and Y is a Banach space, prove that the vector space

B(X,Y) of all bounded linear operators from X into Y ic a Banach space.




iii.

il.

iil.

ii.

iii.

ii.

iii.

il.

iil.

il

i. Show that the operator T": £ — ¢ defined by (z1,zs,...) = (0, &

Show that the dual space of ¢! is £*°.

i. Let T': C* — C2 be the linear operator defined by (a,b) — (a — b3, a + 2bi). Find

T*.

Suppose that X and Y are normed spaces and T : X — Y is a bounded linear
operator. Prove that N(T') is a closed subspace of X.

Show that a bounded linear operator 7' : H — H on a complex Hilbert space H is

normal if and only if ||T*z|| = ||T'z|| for all z € H. Hence show that for a normal

linear operator, ||T2|| = ||T}|*

i. Prove that every bounded linear functional f on a Hilbert space H can be repre-

sented as f(z) = (z, z), for any £ € H and where z depends on f.

Prove that if H is a complex Hilbert space, then a bounded linear operator T on

H is unitary if and only if it is isometric and surjective.

Show that for any bounded linear operator T on a Hilbert space, the operators
Ty = 3(T +T*) and Ty = (T — T*) are self-adjoint.

i. Show that the linear operator T : £2 — £2 defined by (z1, T3, ...) = (21,0, T3, 24, ...)

is bounded, self-adjoint and positive. Find the square root of T

Let T : H — H be a bounded positive self-adjoint linear operator on a complex
Hilbert space. Using the positive square root of 7', show that for all z,y € H,
[(Tz,y)| < (Tz,2)3(Ty,y)?.

If P, and P, are projections on a Hilbert space H, show that P = P, — P, is a
projection on H if and only if P < P;.

i. Prove that a bounded linear operator P on a Hilbert space is a projection if and

only if P is self-adjoint and P? = P.
Let X and Y be normed spaces and 7' : X — Y a linear operator. Prove that T is

compact if and only if it maps every bounded sequence (z,) in X onto a sequence

(Tz,) in Y which has a convergent subsequence.

Let H be a Hilbert space, Py, P, projections on H, Y; = Pi(H) and Y, = Pg(‘H).
Prove that P = P\ P, is a projection on H if and only if P, P, = P, P, and that P

projects H onto Y1 NYs.

eigenvalues. Hence ¢(T") = o,(T") = {0}.
If (P,) is a scquence of projections defined on a Hilbert space H and P, — P,

show that P is a projection on H.

Page 2




iii. Let T : X — X be a compact linear operator and § : X — X a bounded linear

operator on a normed space X. Show that T'S and ST are compact.
(b) Let X be a normed space and T : X — X a compact linear operator. Prove the
following;:
i. If 0 # X € C, then dim(WN (T — \I)) < 0.
ii. If 0 # A € C, then dim(Ty") < oo and {0} = M(T2°) ¢ N(Th) c N(T»?) C ..,
where T\ =T — Al
iii. If dim(X) = oo, then 0 € o(T).

END OF EXAMINATION

Page 3
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INSTRUCTIONS: 1. Answer any Four (4) Questions

2. Show All Essential Working

1. (a)
(b)
(©
2 (a)
(b)

Define the following:
(1) a sufficient statistic T.
(i)  acomplete statistic T.

Let X;, X, ..., X, be a random sample from a distribution with p.f.
fo(x)=6*1-6)"% x=0,1.

(1) Find a sufficient statistic for 6.

@1) Show that the statistic in (i) is a minimal sufficient statistic.
(iii) Find aUMVUE of 7(8) = 6(1 — ).

e

O x=01,2,..

x!

Let X,, X5, ..., X, be a random sample from fp(x) =
()  Find E[(-1)*1].

(i) Find P(X; = x|T =t) where T = PP €
(i)  Hence or otherwise find the UMVUE of 7() = e %9,

1) State Basu’s theorem.’
(ii)  Prove Basu’s theorem.

Let X, X5, ..., X be a random sample from f5 (x) = e~ *9, x>0
(1) Show that f3(x) is a location invariant family distribution.
(ii) Show that T = X4 is a complete sufficient statistic for 6.
(iii)  Show that X(;y and X — X4 are independent.



(a)

(b)

(a)

(b)

(a)

(b)

(c)

Define the following:
(1) exponential family distribution.
(11) location equivariant estimator.

Let X4, X5, ..., X, be a random sample from

1 2
fole) = (2)xze” A 50,40, 4> 0
where 6 = (4, 1).
(1) Show that f(x) is a regular exponential family distribution.
(i)  Find a complete sufficient statistic for 8 = (4, y).
(iii)  Find the maximum likelihood estimator for 6 = (4, ).

(1) State the information inequality.
(i)  Prove the information inequality.

Let X1, X5, ..., Xp and Y3,Ys, ..., ¥y, be independent random samples from

independent normal distributions N (y;, o?) and N (u,, 07) respectively.

(1) Show that the generalized likelihood ratio test for testing
Hy: g = pp ,0% = af against Hy: py # py 07 # 0F is given by

2 n+m
1 ~ ~ 2
| T (=) E (v B
A(x'y)z(ni-m[ i=1\"1 7 }1(1 )])_Tll_
Cep,(i-0?) (FIR,0-9?)*
where i = nxmy .
n+m

(i)  Find the asymptotic distribution of A(x,y) under Hy .

Define the following;:
1) locally most powerful test.
(i)  an unbiased estimating function.

Let X3,X,, ..., Xn be a random sample from the distribution with p.d.f.
X

fo(x) = e—ez ,x > 0.

(1) Find a size a locally most powerful test for testing Ho: 6 = B0
against H,: 6 > 0,.

(i1) Find the wald test for testing Hy: 6 = 6, against Hy: 6 # 6.

(1) Find an approximate 95% confidence interval for 6.

Let X4, X3, ..., Xp be a random sample from fo(x) = e—i—l , 1<x<86.

(1) Find the maximum likelihood estimator of 6.
(1) Show that the M.L. estimator is a consistent estimator of 6.

END OF EXAMINATION
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DESIGN AND ANALYSIS OF EXPERIMENTS
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INSTRUCTIONS: 1. Answer any Four (4) Questions
2. Show All Essential Working
1. (a) (1) State and define two principles of experimental design.
(i1) State two reasons why each of the two principles stated in (i) is
important.
(b) A manufacturer of television sets was interested in the effect of five

coating types on tube conductivity for colour picture tubes. The following
conductivity data were collected:

(i)

(ii)

(iii)
(iv)
v)

(vi)

(vii)

Total
1 80 83 83 85 331
2 75 75 79 79 308
Coating type | 3 67 72 74 74 287
4 62 62 67 69 260
5 60 61 64 66 251
1437

5 4
(Additionally D > Y’ =104471)

i=1 j=I
Write down a model for the above study. Explain all the terms in
your model and state all the assumptions.

5 . 5

Show that for any contrast C = Zc,.r, the estimate C = Zc,r",. is
i=1 i=]

the same for the fixed effects models and the cell means model.

Construct an ANOVA table for the study.

Test for the effect of coating type on conductivity. Use ox= 0.05.

Find the sum of squares of the contrast that compares coating types

1 and 2 to the other three coating types.

Use (v) to test for the difference between coating types 1 and 2 and

the other three coating types.

Construct a 95% confidence interval for a contrast that compares

coating types 1, 2 and 3 to coating types 3 and 4.




2, (a)

(b)

Given a one factor fixed effects model
Y,=p+t,+¢;, , i=12,.,¢t ; J

where £, ~ N(0,0’ ),
Prove that

L2,..,r

(i) E (MSTrr) ——Z (r,—-7.) +0’, where MSTrt is the mean

treatment sum of squares.
(11) E (MSE ) = o, where MSE is the mean square error.

The effects of four factors on some response Y are studied. Each factor is
varied at two levels in a 2* factorial experiment and the following data
recorded:

Treatment | Response

Combination (Y)

(1) 8

a 9

b 9

ab 11

c 10

ac 16

bc 13
abc 22

d 7

ad 7

bd 5
abd 10

cd 7
acd 14
bed 10
abcd 13
Total 171

(Additionally Z Z Z Z a0 =2093)

(1) Estimate the effects AB, BC and ABC.
(i) Estimates of all the other effects are:

A= 4125 AC= 2.125 ABD = -0.375
B= 1.875 AD=-0.375 | ACD = -0.875
C= 4875 BD=-1.125 BCD = -0.625
D =-3.125 CD =-1.125 ABCD = -1.375

Plot all the effects on a normal probability paper. What effects
appear significant?




(iii)  Prepare an ANOVA table that only includes the effects identified
as significant in (ii). Test for the significance of the effects and
comment on your findings. Use o= 0.05.

An experiment was conducted to study the effect of three factors A, B and
C, each at two levels, on the response Y. The following treatment layout
was proposed as it was difficult to get homogeneous blocks of size 8:

Run Block | A B C Y
1 1 - - - 5
2 1 + + - 18
3 1 - - + 8
4 1 + + + 18
5 2 + - - 21
6 2 - + - 13
7 2 + - + 13
8 2 - + + 7
9 3 - - - 6

10 3 + — - 21

11 3 - + + 6

12 3 + + + 18

13 4 - + - 13

14 4 + + - 17

15 4 - - + 8

16 - 4 + - + 17

Total 209

(1) Identify the treatment effect(s) confounded with blocks in this
design. Show your steps clearly.

(i1)  Write down a layout of the blocks under each replication clearly
showing what observations appear in each block and the effect(s)
confounded.

(iii))  Estimate the effects A, B, AB and BC.

(iv)  Copy and complete the following ANOVA table.

Source SS df
Blocks

Replications

Blocks within replications

A
B
Error
Total 482.9375




(b)

(a)

(b)

Consider a 2°72 factorial design with generators I = ABC and | = BDE.
(i) Write down a complete alias structure of the design.

(11) Find the resolution of the design.

(111)  Obtain a quarter fraction of the design.

Define the following
(1) orthogonal contrasts.

(i1) principal block.

A study was conducted to determine the effect of inoculation on root yield
of sugar beets planted at different in-row spacings. One of two equal-sized
plots at each of the three locations used in the study was randomly
assigned to receive an inoculation. Furthermore, each of the plots was
subdivided into four equal subplots where sugar beets were planted at
different in-row spacings between plants (4, 6, 12 and 18 cm). Assume
that inoculation is a fixed factor, and that location and plant spacing are

random factors. The following results were obtained:

Plant spacing (cm)
Location | Inoculation | 4 6 12 18 | Sub-total | Total
1 Yes 17 17 16 13 | 63
No 20 20 22 20 | 82 145
2 Yes 16 17 15 12 | 60
No 18 20 21 19 |78 138
3 Yes 17 19 17 13 | 66
No 18 21 19 19 | 77 143
Total 106 114 110 96 426
(1) What design was used in the experiment? Explain.

(il)  Write down a model for the experiment. Explain all the terms in

the model and state all the assumptions.
(ili)  Find the expected mean squares of the factors in the model.
(iv)  Copy and complete the following ANOVA table.

Source SS df | MS | F*
location

inoculation

location-inoculation 4.75

spacing

location-spacing 4.417
inoculation-spacing 20

Error 2.25

Total 160.5

(v) Test for the effects of location and spacing main effects. Use

(=

0.05.
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A simple blood test could offer many women an early warning of breast cancer even if they do not
inherit genes linked to the disease. Scientists have identified a molecular "switch" in blood samples
that increases a woman's chances of having breast cancer.

Lead researcher Professor Martin Widschwendter, from University College London, said: "We
identified an epigenetic signature in women with a mutated BRCA1 gene that was linked to
increased cancer risk and lower survival rates. "Surprisingly, we found the same signature in large
cohorts of women without the BRCA1 mutation and it was able to predict breast cancer risk several
years before diagnosis. "The data is encouraging since it shows the potential of a blood-based
epigenetic test to identify breast cancer risk in women without known predisposing genetic
mutations."

The scientists analysed blood sample DNA from 119 postmenopausal women who went on to
develop breast cancer over a period of up to 12 years, and 122 who remained cancer-free. Their
results appear in the online journal Genome Medicine.

(a) (i) Listany four major applications of epidemiology.

(ii)  Under what application does the researchers’ work described in the article
fall?

(b) (i) Discuss briefly, why epidemiologists view disease from both a biological and
a sociological perspectives.

(ii)  Under what perspective are the researchers in the article viewing disease? Support
your argument based on the article.

(c¢)  The last paragraph of the article gives us some figures regarding risk of developing breast
cancer.

(1) Calculate an appropriate estimate of the risk of developing breast cancer,
incorporating all the bits of information given in the paragraph.

(ii)  Interpret the resultin (1 ).



(1i) identify the following; the study design, exposure and criteria for selecting the

subjects in this article.

The Bayes theorem allows one to change direction of prediction so that, for example, a probability of
disease given exposure can be transformed into a probability of exposure given disease. Let events
and quantities be defined as below:

D+ = an individual has disease and D- an individual has no disease.
E+ = an individual is exposed and E- an individual is free of exposure.
_ Pr(E+|D+)/Pr(E~|D+)
= Pr(E+|D-)/Pr(E—~|D~)

_ Pr(D+[E+)
CIR = Pr(D+|E~)

(a)  Show that CIR =y X

Pr(E+|D—)] [Pr(E—|D+)xPr(D+)+Pr(E—~|D—)><Pr(D—)
Pr(E-{D-) Pr(E+|D+)xPr(D+)+Pr(E+|D~)xPr(D-)

(b)  Show that the expression in ( a ) is equivalent to:

CIR = y X [Pr(E+lD—)] y [1—Pr(E+)]

Pr(E-|D-) Pr(E+)

(c¢)  Suppose that true population probabilities showing the distribution of disease and an
associated exposure are as shown below.

Disease status
Exposure status D+ D-
E+ 0.23 = Pr(D+ and E+) 0.15 =Pr(D- and E+)
E- 0.17 = Pr(D+ and E-) 0.45 = Pr(D- and E-)

(1) Obtain a 2x2 table of the true case-control probabilities for the population.
(ii)  Using (i) obtain the value of y.

(iii)  Assuming Pr(E+) = 0.3 obtain the value of CIR.

(a) (1) List any four stages of research in which bias may occur.
(ii)  Briefly describe, using a specific example, what is meant by selection bias.

(b)  Suppose you have the following quantities defined as:

0 = the target parameter, the true effect measure in the population of interest

~

0 = the estimate of © computed from a study population

0, = the parameter actually being estimated such that E(@) = 0O



Q4

(1)

(ii)

Show that the mean square of 8, defined by E(8 — 6)2, may be expressed as:

MSE®)=E(6 - 6)" = Var(8) + [Bias(d)]",
where Var(8) = E(6 - 60)2 and Bias(6) =6, — 0.

Suppose that 0 represents the Cumulative Incidence Difference, i.e., 8 = CID for the
target population, 8, = CID, for the study population and 6 = an estimate of 6.
Assume that the value of 0 in the target population is known but not 6, and data
from the study population yields the table below.

Disease Status

Exposure Status D+ D-
E+ a b m,
E- c d m;

Obtain an expression for the estimate of MSE(®) assuming large samples.

(¢) The association of gallstone disease with age is to be conducted in women aged 90 and
above versus those aged 50 to 89. The cumulative incidence difference CID
(Clyg¢ — Clgg-g9) is of interest. Unfortunately, women available are aged 80 and above and
the results from the study are shown below. Assume large sample.

(ii)

Gallstones Disease
Age category Yes No
=90 20 5
80 - 89 22 14

State why CID+Z, fMSE( 8) is an appropriate 100(1- 0)% confidence
interval for CIZ90 - C]50—89

Provide a 95% confidence interval for CID if bias is thought to be around
0.01

Meloni et al, studied bacterial infection in people with glucose-6-phosphate dehydrogenase (G6PD)
deficiency on the island of Sardinia, where bacterial infections are endemic. From 1976 to 1988,
there were 476 children with bacterial infections admitted to the only pediatric hospital in the
district. The bacterial diseases that were examined are Mediterranean spotted fever (MSF), Typhoid
(T) and Meningitis (M). The 2x2x2 classification of gender, GO6PD and disease is shown below.

Disease
Gender G6PD Deficiency MSF T M
Boys Yes 10 5 2
No 132 63 31
Girls Yes 15 9 4
No 101 74 30




Q5

Let D+ indicate the disease of interest and collapse the other two columns to form D-, e.g., for boys
MSF:; (E+, D+) = 10 and (E+, D-) =5 + 2 = 7, where E+ = G6PD deficiency.

(a) (i) Obtain the cumulative incidence ratio (CIR) for each of the three diseases among
Boys to 3 decimal places.

(ii)  Obtain the cumulative incidence ratio for each of the three diseases among
Girls to 3 decimal places.

(iii)  Which disease has the greatest difference in CIR between boys and girls?

Let CIRp be the cumulative incidence ratio among boys for the disease identified in (a) (iii).
Similarly, let CIRg be the cumulative incidence ratio among girls for the disease identified in (a)
(iii).

(b) Obtain an estimate of Var[LLn(CIRg) — Ln(CIRg)]

(c) (1) Obtain a 95% confidence interval for the true Ln(CIRg) — Ln(CIRg) assuming large
samples for both groups.

(i) Based on ( ii ) what is the conclusion on the hypotheses below?:

Hy: CIRg =CIR; versus H,: CIRg # CIRg at a 5% significance level.

Suppose that in some community there are 2000 children, some are orphans (both parents deceased)
and others are not. Some of the children are vulnerable in the sense that there is really no help
available for daily sustenance because either they are orphans or their parents are incapable of
providing it. A nongovernmental organization is contracted by the Government to conduct a baseline
study to determine the true status of the children.

Define:

D+ = Child is vulnerable.

D- = Child is not vulnerable.

E+ = Child is an orphan.

E- = Child is not orphan.

Suppose that the true situation in the community is as follows:

Vulnerability status

Orphanage status D+ D- TOTAL
E+ 60 740 800

E- 40 1160 1200

TOTAL 100 1900 2000

(a)  Determine the relative risk of vulnerability between the two groups of children using odds
ratio.

(b)  Suppose that at the end of baseline study there is no misclassification of orphanage by the
NGO but that there was misclassification of vulnerability with the following probabilities of
misclassification:
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(c)

(a)

(b)

Opips = Pr(D+HD+E+) =0.8 Op4jp-= Pr(D+D+E-)=0.8
WD—|E+ = Pr(D-|D-E+) =09 WD—[E— = Pr(D_‘D_E_) =(.9

(i) Construct an actual misclassified table of the data.
(1)  Calculate the estimate of the relative risk similar to that in ( a ) using (i).
(iii) Determine the relative bias of the estimate in ( ii ).

What are the practical implications of such a misclassification to the children involved.

Below is an article that appeared on The Daily Telegraph website on 17/07/2014.

Asthma inhalers make children half a centimetre shorter

Children who use corticosteroids inhalers to control asthma are likely to be 0.5¢cm
shorter than they should be, because the drug stunts growth, a major review has
found

Children who use common asthma inhalers are likely to be shorter because the
drugs stunt growth, scientists have found Photo: GETTY

(1) Describe an experiment you would conduct to either validate or invalidate the claim.

(ii)  Suggest two reasons why such a finding is important.

Define the following quantities in a community exposed to some factor and under threat of

some acute disease:




]

I; = the cumulative incidence rate in the exposed group
Iy = the cumulative incidence rate in the unexposed group

[ )

Cl = the cumulative incidence rate in the entire population
AR = (C1- Cly)/C, the attributable risk to the factor

——

1 = Cl,+(1-p) T,

@)

p = the proportion of the total candidate population exposed to the risk factor.
. = _ P(CIR-1)
(1) Show that AR _5(CTR—~1)+1

(ii)  What s the limit of AR as CIR increases without bounds.

A retiree learning farming planted some tomato seedlings on two different types of soils, A
and B. The seedlings sprouted but some died later. The farmer kept a record of days since
the seedlings were planted until death, suppose the data are shown below:

Type A soil Type B soil TOTAL
Death during season 25 36 61
Person-Time (days) 69 139 208

Test the hypothesis Hy: IDR = 1 versus Ha: IDR > 1 using the normal approximation to the
binomial at 5% level of significance.

END OF EXAMINATION
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1 (a) Define the following:
(1) Equal in distribution
(i1) Signed rank Statistics
(ili)  Estimable parameter
(b) Prove the following:

()

@

(i)

(111)

@
(i)

If W' treats the niid random variables X, Xa, ..., Xn
symmetrically with E(W)=0 and V' is a projection of W’ onv,
then E(W - V') < E(W -V)* forany V € ¥.

If Z is a continuous random variable with distribution that is
symmetric about zero, then the random variables |Z| and y =y (Z)
are stochastically independent, where

1 if x =20
p(x) =

0 if x <0

Convergence in quadratic mean implies convergence in probability.
State Slutsky’s theorem.

Prove that if a sequence of random variables {V,} has asymptotic
distribution with cdf F(v) and {W,} is a sequence of random

variables such that the sequence {W, - V,} converges in probability
to zero, then the limiting distribution of {W,} also has cdf F(w).



(a)

(b)

(c)

(a)

(b)

(c)

Define the following:

(1) Distribution-free Statistics
(ii)  Non-parametric distribution-free statistics
(ii1)  U-statistic for Estimable parameter

Prove the following

(1) Given two independent random samples X, X3, ..., X and
Y1, Y2, ..., Yy from F(x) and F(y - c) respectively, then the

distribution of W, = ¥I_; R;, the Wilcoxon rank statistic is

symmetric about the value 2%M+1)

(i1) Given Zy,Z,, ..., Z, arandom sample from a continuous distribution
that is symmetric about zero, let Q be the number of positive Z.
When Q = q, let S;<S;<... S, denote the ordered absolute ranks
of those Z;s that are positive, then

n
Prob {Q =q,51=5,8= Sz,...,Sq = sq} = (%) ,
for q=0,1,2,...,n.

Construct the distribution of Wilcoxon signed rank statistics under Hy for n=5

Define the following:

(1) Convergence in Probability

(i1) Convergence in Quadratic mean

(iii)  Limiting distribution

Prove the following where L, is the mean and F(x) is the cdf of the r' order

statistics, W = X — X(1) and P(x) is the cdf of the distribution of the original
distribution, then

@  wr=f, A=F ()~ F (-x) dx
@ EW)=[7(1-(Px) ~ (1~ Pr)" ) dx

Let X, Xy, ..., X, be a random sample from uniform on the interval
(-9, 0), 6> 0. Using the results in (b) above find

E(W)



(a)

(b)

(©)

(a)

(b)

(c)

(1) State the one — sample U — statistics theorem
(i1) Prove the one — sample U - statistics theorem

Given a random sample X, X, X3..., X, from a continuous with pdf given
by
Px)=BxFle " x>0,8>0

Find the following:

(l) pdf of X(r)
(i)  pdf for the range W =X, — X,

Given two independent random samples X, X,, X5 and Y, Y, Y3,
ie. m=3 and n = 3.

1) Construct the distribution of Mann-Whitney/Wilcoxon test statistic
under Hp: C=0

(i1) What would be the rejection region for testing Hy : C=0vs H, : C>0
at 0.10 level of significance.

(1) Define the projection of W onto some space ¢

(i1) Derive the general expression for the variance of a U — statistics for an
estimable parameter.

Let Z,,7Z,, ..., Z, be arandom sample from a continuous distribution that is
symmetric about zero. Let R" be the vector of absolute ranks of the
Zis,1=1,2,...,n and y;=y(Z;) where P(x) is as given in 1 b (ii).

Prove the following

@) The random variable i, ys, ..., wn, R* are mutually independent
(i1) Each v; is Bernoulli random variable with P = % .

(iii) R is uniformly distributed over the set of all permutations of the set
{1,2,3,...,n}

(1) Given a random sample X, X, ..., X, from a continuous distribution
that is symmetric about 0. Prove that W" the Wilcoxon signed rank
statistics, its distribution is symmetric about its mean when Hy: 6 = 6,
is true.

(1) Let U(X), Xy, ..., Xs) be a U — statistic with a symmetric kernel
h (X, X, ..., Xk ). Prove that if E (h® (Xj, X3, ..., Xk)) < ©, then
lim, _, » nvar{U(Xy,X,, ..., X))} = k? &;.

End
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1. (a) Decfine the following:

i. Distribution-free statistic.

ii. Non-parametric distribution-free statistic.

iii. Signed rank statistic.

(b) Given a random sample X1, Xs, ... . X,, from a continuous distribution with pdf p(z)

and cdf P(z), derive the following:
i. pdf of X(n

ii. joint pdf of X(y and X(5) with r <.

iii. pdf for the range W = Xn) — X(1)-

(c) Given a random sample X, Xa, ..., X, from

p(z) =az* e, >0, a>0.

Using the results found in (b) above, find the following:
i. pdf of X,

ii. joint pdf of X and X(5) with r <'s.

iii. pdf for the range W = Xy — X(1)-




2. (a) Let Xy, Xs,..., X, be a random sample from an exponential distribution with mean

2. Find the following;:

i.
ii.

.

mean of the 7" order statistic.
covariance of the r** and st* order statistic with r < s.

variance of the r** order statistic.

(b) Prove the following where g, is the mean of the rth order statistic, F.(z) is the cdf of

the r** order statistic, W = Xy — X(1), and P(z) is the cdf of the original distribution.

1.

il

il.

pr = /—oo (1 - F.(z) — Fo(—x)) d.

Ew) = [ " (- (P@) — (- P@)") da.

-0

i. Let Xi, X,..., X, be a random sample from a continuous distribution whose pdf

is symmetric about its mean . Show that the pdf for X,y and X(,_r1) are mirror
images of each other, that is, f-(u + ) = Fror1(p — ).
The midpoint range denoted by m for a random sample of size n is defined as
m = %(X(n) - Xquy). If X1, Xs,..., X, is a random sample from a continuous
distribution with cdf P(x), show that the cdf of m is given by

Fuw) = [ (Ply—2) - P@)" plo) s

— 00

3. (a) Define the following:

i.
il.

iil.

Estimate parameter.
U-statistic for estimate parameter.

Convergence in quadratic mean.

(b) Prove the following:

i.

1.

n
Let W, = ZRi be the wilcoxon rank statistic when Hy : ¢ = 0 is true given

i=1

X1, Xs,...,Xmand Y1,Ys,..., Yy, are independent random samples from F(z) and
F(y — c) respectively. The distribution of W, is symmetric about p = ”—(’—"—gitu
Let Zy,Zs,...,Z, be a random sample from a continuous distribution that is
symmetric about 0. Let @ be the number of positive Z;'s, and for @ = ¢, let

§p < 83 < ... < 8¢ denote the ordered absolute ranks of those z;’s that are

positive, then

i n
P{Q:qy 51251,522527.,,,qusq}:<§) ,

forg=0,1,2,...,n.



(c) i. State slutsky’s theorem.

ii. Prove that if a sequence of random variables {V,,} has asymptotic distribution with
cdf F,y and {W,} is a sequence such that {W, — V,} converges in probability to
zero, then the limiting distribution of {W,} is also given by the cdf F).

(a) Define the following:
i. Convergence in probability.
ii. Limiting distribution.
iii. Projection of a U-statistic.
(b) i. Derive the general expression for the variance of a U-statistic.

ii. Prove that if W* treats the n iid random variables Xj, Xs, ..., X, symmetrically,
E(W*) =0 and V* is a projection of W* onto V, then for any V €V,

E{W* = V*)?} < E{(W" = V)’}.

(c) Let Z), 2y, .. ., Z, denote a random sample from a continuous distribution that is
symmetric about 0. Let R;” denote the vector of absolute ranks of the Z;’s. Prove the
following,.

i, f0; = ¥(Z;),fori =1,2,...,n, then the n+1 random variables U1, Uy, ..., ¥y, RY
are mutually independent.
ii. Each ¥, is bernoulli random variable with P = 1.

{ii. R* is uniformly distributed over B, the set of all permutations of integers (1,2,3, ..., n).

(a) Let v = E(z} — X1X>), that is, h(X1, Xy) = X2 — X1 X, is a kernel for the variance 7.
i. Find the symmetric kernel.
ii. Find the U-statistic of ~.
{ii. Find the Projection of U — v, where U is the U-statistic in (ii) above.
(b) i. State the one-sample U-statistic theorem.

_ Prove the one-sample U-statistic theorem.

—-
— -

(c) i Prove that if W+ is the wilcoxon signed rank statistic and Hq : 6 = g, is true, then
the distribution of W* is symmetric about its mean y = ”—(T{"—Q, given a random

sample X, Xo,...,Xn from a continuous distribution that is symmetric about 6.

{i. Construct the distribution of wilcoxon signed rank statistic under Hy for n = 5.

END OF PAPER
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(b)

(©

(d)

Let X and Y be any two random variables.
(1) Explain what do you understand by E(X|Y).

(1) If X and Y are discrete random variables, show that
LyEXIY =y)P(Y =y)= E(X)

(1) Let X and Y be any two independent continuous random variables
having densities fx and fy respectively. Show that

PX<Y)= [T Fx®fy(y)dy
where Fy(y) =P(X <y)

An Insurance company supposes that the number of accidents that each of its
policy holders will have in a year is Poisson distributed with the mean of the
Poisson depending on the policy holder. If the Poisson mean of a randomly
chosen policy holder has a gamma distribution with density function

g =44, 120

find the probability that a randomly chosen policy holder has exactly n accidents
next year.

A group of children has four boys under 10, six boys over 10, six girls under 10
and x girls over 10. Find the value of x if age and gender are independent.

Let X be a discrete random variable taking values on the set of non negative
integers. Show that E(X) = ) :=O P(X > n).



(@)

(b)

(c)

(d)

Define the following terms:

(1) A Stochastic process

(11) State space of a Stochastic process

(1) A Markov process

(tv) A Markov chain

v) A homogeneous Markov chain with discrete time space

Consider a homogeneous Markov chain
{X,, n=0,1,2,..} Let
Pj" = PXnyx=jlXk=0),n20;1i,j 20

(1) Show that
Pij = k=0 Pi™ ijm

(1) A market survey of 1500 consumers having a choice of three brands
A, B, and C shows the following results:

A B C

N = A |250 175 75
B | 100 450 250

C LS50 100 50

where (i,]) th element of N describes number of consumers changing
from brand 1 to brand j in 1year, 1,j=A,B, C.

Assume transiting between brands in one year is modeled as a Markov
chain, find the transition matrix of the chain and also the probability that a
consumer sticks to brand A at the end of the second year given that he
was using brand A at the beginning of the first year.

Consider a homogeneous Markov chain
{X.,n=0,1,2, ... }.

() Define a recurrent and a transient state.

(11)  Show that if state i is recurrent
then Zpii "= o0

(1)  Prove that if state 7 is recurrent and state / communicate
with state j, then state j is recurrent.

Consider a Markov chain whose state space consists of the integers

i=0, 1, +2,... and have transition probabilities given by
Pi, i+1 = Pi, i-1 &= % » l = 0, il, i2, e
Prove that all the states of the Markov chain are recurrent.

1
(Stirling’s approximation: n! ~ n"*z e~ \/Zn)



@)

(b)

(c)

(d)

Define the following for a homogeneous Markov chain {X,,n=0,1,2, ... }

1) State j 1s accessible from state i
(1)  Anirreducible Markov chain
(111)  An absorbing state

(tv) A Positive recurrent state

v) An aperiodic state

(vi)  An ergodic state

Consider a Markov chain with states space
{1, 2, 3,4} and transition matrix

P = 2 8 0 0
1 -9 0 0
0 -5 0 5
-3 0 7 0
(1) Show that state one is recurrent

(i)  Find the mean recurrence time of state 1
(i)  Classify the states of the chain

(iv)  For transient states i and j, let s; denote the expected number of time
periods that the Markov chain is in state j, given that it starts in state i .
If S=(s;) and S=(-P1)”"', where elements of Prare transit
probabilities from transient states into transient states, find ss3.

A total of three white and three black balls are distributed among three urns, with
each urn containing exactly three balls. At each stage, a ball is randomly selected

from each urn and two selected balls are interchanged. Let X, denote the number
of black balls in urn 1 after the nth interchange.

(1) Give the transition probabilities of the Markov chain X,, n>0.
(11)  Find the limiting probabilities and interpret them.

Consider a population in which each individual produces i new off-spring until
at the end of his lifetime with probability P; , independent of the other individuals.
Let u be the expected value of the number of off-springs of each individual.

Let X, denote the number of individuals at the nth generation, who are the off-
springs of the individuals at the (n — 1) th generation.

Assume Xp=1

Show that E(X,) = p" forall n>0



(a)

(b)

(©)

(d)

(@)

(1) Define a Poisson process of rate A, A > 0

(11)  Events occur independently in a certain stochastic process. The chance of
an event occurring in the time interval (t,t+ At) is independent of the

behavior of the process prior to time t and equals ae™/? At + (At).
Show that the chance of no event occurring in the interval

w,v)is exp{_ ab (e—% _ e_%)}

Let { N(t),t>0} represents a Poisson process of rate A . Let T, denote the
elapse time between (n—1)st and the nth event,n=1,2, ....

()  Showthat T; has exponential distribution with mean

Ae— At (At)n_l

(i)  Show that probability density function of S, is Y

S, =T, + Ty + et Ty

, where

Suppose immigrants to Zambia arrive at a Poisson rate of ten per month and each
immigrant 1s of Asian descent with probability % . Show that the number of

immigrants to Zambia of Asian descent is a Poisson process of rate 120 X %
per year.

In a bacterial culture, each organism will generate a successor with probability
AAt in any small interval of length At and there are no deaths. Thus, if there are
k members of the population at time t, the probability that there will be a
successorin (t,t+ At) is kAAt. Given that the size of the population at time
t=0 is {)ne, show that the expected size of the population at time t is given by
m(t)=e™

You may use the following:
If Mx(t) isthem.g.f of rv.X then

= My(£) | =0 = E(X)

Customers arrive at a two chair shoeshine stand at rate eight per hour. The
average length of a shoeshine is 4 minutes. There is only one attendant, so that
one chair 1s used as waiting position. Customers who find both chairs occupied
go away.

(1) Assuming Poisson input and exponential service times, write and solve
the statistical — equilibrium probability state equations.

(1) Find the expected number of customers in the system



(b)

©

(d)

Define the following terms:

(1) A Stochastic process { X(t),t>0} has independent increments
(i) A Stochastic process { X(t),t>0} has stationary increments
(1) A Brownian motion process

In a standard Brownian motion process { X(t) } , forany s < t, the conditional
distribution of X(s) given that X(t) = B is normal with

E(X(s)|X()=B) = 3B

V(X)) | XM)=B) = - (t—s)

N %

Let { Y(t),0=<t<1} beaBrownian motion with V(Y(t)) = 16t

Find the following:

@ P(Y(Q)>0|Y(1/2
() P(Y(1/2)>0]Y(

e

4)
4)

The number of particles emitted from a radioactive source is a Poisson process
with parameter A. If n particles were observed in the interval (0, t), find the
probability that K ofthese particles were observed in the interval
(0,7),0<t<t.

End of Examination
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INSTRUCTIONS: There are five questions in this question paper. Each question has four

parts. Answer any three parts from each question.

1 (a)
(b)
(c)
(d)
2. (a)

Random variables X and Y have joint pdf f{x,y) given by
foey =22, 0<y<1,1<x<0
Find the value of A such that

PO<Y<i|x>4)= 2=
2 16

Given that X and Y are any two discrete random variables, show that
E(X) = E(E(X|Y))

Let X be exponential random variable with mean%. Find E(X|X >1)

The number of customers entering a store on a given day is Poisson distributed
with mean 10. The amount of money spent by a customer is uniformly
distributed over [0,100]. Find the mean amount of money that the store takes
in on a given day.

Let {X,,n=0,1,2,...} beaMarkov Chain with one step transition
probabilities matrix P

(1) State and prove Chapman — Kolmogorov equations

(i)  Let P™ be the nstep transition probabilities matrix. Show that
P = pr



(b)

(©)

(d)

(a)

(b)

Consider the Markov Chain { X;,n=0, 1, 2, ... }, in which the
transition probability from state i to state j in n steps is Pig.n).

Let row vector P, denote the unconditional probabilities at the n"
transition i.e. P(X,=j) is the }* element of Py .

Let Py = (o, &1, 02, ... ) be the initial distribution. By conditioning
on the distribution of Xj,

()  Show that P(X, =) = 22, A" o

(ii) P(n) = P(o) Pn

Diabetic retinopathy (DR) is a common disease among people with insulin —
dependent (type I) diabetes. Patients with early DR tend to have progressive
retinal changes, which may cause blindness. The illness can be classified into
four states depending on the progression of the DR, ranging from best (state 1)
to worst (state 4): State 1 indicates no DR and State 4 indicates total
blindness. Following 693 diabetic patients for DR diagnostic, the following
one year transition matrix was constructed:
1 2 3 4

1 /-65 -27 -08 -00

2 (-16 -59 -24 .01

3 {00 -13 -74 -13

4 0 0 0 1

P =

Given that the initial probability distribution of patients is
Poy = (337 449 214 0)
Find what percent of patients will become blind after two years?

Let i and j be any two states of a Markov Chain. Explain the following
terms:

(1) i and j communicate

(i)  What should be Y77 Pu.(n) , if i is recurrent.

(iii)  Prove that if state i is recurrent and states i and j communicate then
state j is recurrent.

Consider a Markov Chain whose state space consists of integers
i=0, +1, %£2,.. and has transition probabilities given by

Di, i+1 = Pi, i-1 :§ , for everyi. Show that state 0 is recurrent.

1
ou may need to use the following approximation: n! ~n""z e~ T
Y y need he following approximati t~n™" n\2m )

Job occupations in a society are classified as upper, middle or lower class. In
this society, the occupation of a child depends only on his or her parents’
occupation and social mobility between classes is described by a Markov
Chain with transition probabilities matrix



(©

(d)

(a)

(b)

(c)

0.45 0.48 0.07
P =1005 07 025
001 0.5 0.49
with States Eo: upper class jobs; E;: middle class jobs; E;: lower class jobs

(i) State if this chain is irreducible
(i1) State if the states are ergodic

(i11)  Determine what percent of the society will be in the upper class jobs
in the long run.

Consider a population in which each individual produces i new off-springs
by the end of his lifetime with probability Pi, independent of the other
individuals. Let p be the mean number of off-springs from each individual.
Let X, be the number of individuals in the nth generation. Assume X, = 1.

(1) Show that E(X,) = p"
(i1) Given u < 1, show that the population will be extinct with probability
1.

Consider a Markov Chain with transition probabilities matrix

0

1 1
2 4 4

101 1
0o - = =
3 3 3

1 1
0 0 ; 5

3 1
0 0 T 2
and states E;, E;, E; and E4

(1) Specify the classes of the Markov Chain
(i1) Find the expected number of time periods that the chain is in state 1
given that it started from state 2.

(1) Define a Counting process

(11) Define a Poisson process of rate A , where A > 0.

(ili)  Show that in a Poisson process of rate A, the probability of occurrence
of one event in an interval of length t is e~ M),

In a Poisson process of rate A, let W, define the waiting time until the nth
event. Find the probability density function of Wi,

Customers arrive at a bank as a Poisson process with rate of 10 per hour.
Suppose two customers arrived during the first hour. Find the probability that

3



(d)

(a)

(b)

(©)

(d

(1) Both arrived during the first 20 minutes
(ii) At least one arrived during the first 20 minutes.

Events occur independently in Stochastic process { X(t),t>0 }.

The chance of an event occurring in the interval (t,t+ At ) is independent of
the behaviour of the process prior to time t and equals 2e™" At + 0 (At).
Prove that chance of no event occurring in the interval (t;,t;) is

exp [-2(e” b —e™ 2)] .

A gas station has one diesel fuel pump exclusively for trucks and has room
for three trucks only (one at the pump and two lined up waiting for

service). Trucks that arrive to find the line full leave for another gas
station. Given that trucks arrive according to Poisson process with mean
number of arrivals 5 per hour and service time of a truck is exponential with
mean 6 minutes, find the probability distribution of the queue system under
statistical distribution.

A drug is administered in a bacteria culture which can only result in deaths
and no births of organisms. Assume deaths occur independently and chance
of a death in any small interval of length At is p At+ O(At). Let X(t) be the
number of bacteria in the culture at time t. Assuming X(0) =K, show that
X(t) has a Binomial distribution with parameters K and et .

You may use the following:
The MGF of a Binomial random variable with parameters n and p is

(1-p(1-¢)y

Consider a Stochastic process {X(t),t> 0} whose state space is an interval
of real line.

(1) State the conditions under which { X(t) } has independent increments

(i1) State the conditions under which { X(t) } has stationary increments

(iii)  Giventhat { X(t) } has independent increment, for any two time
points s and t, such that s <t, show that the joint density of X(s)
and X(t) can be expressed as a product of densities at times s and
t—s.

(1) Define a Standard Brownian Motion

(i1) Let { X(t) } be a Brownian motion with V ( X(t) ) = 9t.
You are given that for s<t,E (X(s) | X(t)=K) = % K and
V(X(s) | X()=K) =7 (t-s)

Find P (X(2)>0|X(1) = 3)
and P (X(1)>0]|XQ2) = 3)

END OF EXAMINATION. GOOD LUCK!
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Formulae that may be needed:

1. Fourier series:

f(z) =ap+ Z [ancos (nLLx> + b, sin (—T%Eﬂ , n=1273,...,
n=1

aozﬁ/if(x) dx, anz%/_l;f(w)cos <n_z:r> dx, bn:%/_LLf(:c)sin (%{) dzx

92 19 10

2—— —_—— ——— —
V—aﬂ ror 12062

3. Laplace transform:
L) =Fls)= [~ e f(t) at

4. Laplace transform of a derivative of any order

L(f™) = s"L(f) = s f(0) = s"2fD(0) — ... = f*7D(0)



5. Shifting theorem along the s-axis for Laplace transforms
Le"f(t)] = F(s ~a)
6. Shifting theorem along the t-axis for Laplace transform (inverse form)
L7 e™F(s)] = f(t — a)u(t - a),

where u(f — a) is the Heavyside function.

Materials included
1. Tables of Laplace transforms.

QUESTION 1

Using the method of separation of variables, find the solution of the following equations
satisfying the given initial condition:

(i)
3% + 2? =0, u(z,0)=4e",

(12 marks)

(i)

% = %, u(z,0) = singx.
(13 marks)
QUESTION 2
(i) Using the transformation
v=2z+1y, z =3z + y,
solve the equation
Ugy — Uzy + Uy, = 0.

(13 marks)

(ii) D’Alembert’s solution of the wave equation is
w(z,t) = ¢z + ct) + Y(z — ct).
Beginning with this solution, obtain the solution satisfying the initial conditions

ou

ot 0

u(z,0) = f(z), =0.

(12 marks)



QUESTION 3

Derive the two-dimensional wave equation for a vibrating membrane. Include a dia-
gram, and clearly state any assumptions used. (25 marks)

QUESTION 4

Consider a circular plate of unit radius, which has it’s faces insulated, and which
satisfies the following boundary conditions:

u(l,0) = ¢, for O0<f<m (1)
u(l,0) = ¢, for 7<8<2m. (2)
The requirement that the temperature u(r, 6) at each point of the plate is finite leads

to the condition:
u(r <1,0) = M, (3)

i.e., u(r,d) is bounded. Find the steady state temperature u(r, ) after equilibrium is
reached. Hints: The solution of the separated ordinary differential equation involving
T is D

F(ry=Cr ky v

Apply condition (3) in step 2 of the product method. In step 3, to satisfy the boundary
conditions (1) and (2), first form a series solution from n = 0 to n = co. Note that

u(r, §) must have period 27. (25 marks)
QUESTION 5

Derive the the Laplacian V2 in polar coordinates (r, 8). (25 marks)
QUESTION 6

Using Laplace transforms, taken with respect to ¢, solve the partial differential equation
Pyla,t) _ 20%(x,1)
ot? 0x?

with the initial condition

+A=0, 220, £t>0

?

y(z,0) =0,
and with the boundary conditions

8
y(0,)=0, and lim Z&Y _g

© O "
where A is a constant. Check that the solution of the linear differential equation

obtained by taking Laplace transforms is s

A
9(z,s) = c16%%/¢ 4 cge™5%/ — s
(25 marks)

END
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Formulae that may be needed

In this question paper the following labels will be used: r=number of classes, d;=dimensions
of an irreducible representation i, N=number of elements in the group, hy= number
of elements in class ¢, and ¢;; s=class multiplication coefficients.

1.
1 8gln agm'n aglm
l = = _
[tm, ] 2 ((7.7:’" + ozt oxrn
s SN
{ Im } = g*"[Im,n]
2. ‘
A O _ oz ozt { r
dzidzk | Jk [0z 9 xk | il
3. In spherical polar coordinates:
1
B T
g - g#ﬂ




4. For orthogonal systems g,, = 0 for u # v
5. »
) dt
o) = 1) - » 3 OO L 4 )
6.
Cj.Cp = chk,scs
7. . ;
h; h]XEk)ng) = dk Z Cij,shsxgk)
s=1

8. .

I

i=1
9. .

th (XSCZ)) ch]) — N(Sij
k=1
10. L
G = N,;hp (Xﬂ Xp
11.
1 i Byt =1 IRREDUCIBLE
PXpXe 1 £1 REDUCIBLE,
12.
dui :Vui.df', 1= 1,2,3,...

QUESTION 1

Consider a general curvilinear coordinate system u;(z, y, z), ua(z, y, z), and uz(x, y, 2).

(a) Show that ” is a vector tangent to the coordinate curve u;, where 7 is a position
vector spec1fy1ng a point on u; and ¢ = 1, 2, 3. Hence, define unit tangent vectors
to the coordinate curves u;. Define the scale factors. (6 marks)

(b) Define vectors orthogonal to the coordinate curves u;, and from these vectors
define unit vectors perpendicular to the coordinate curves wu;. (3 marks)

(c) By using directional derivatives prove that V f(z,v, z) is perpendicular to sur-
faces with f(z,y, z) = constant.
(9 marks)



(d) Prove that the set of vectors 6—; and the set of vectors Vu; are recipricol scts of
vectors, i.e., show that

or 1 ifi=j .
-aE.Vuj—{O i 1,7 =1,2,3.
(7 marks)
QUESTION 2
(a) Determine the metric tensor in cylindrical coordinates. (8 marks)
(b) If A, is a tensor show that:
0A, s
Ap’q = 5;(7 — { pq } sy and
is also a tensor. (8 marks)

(c) Find the physical components of the velocity with contravariant components

vk = ‘—igti in cylindrical coordinates. You are given that in cylindrical coordinates
g22 = p?, gs3 = 1 and 9,2 1. (9 marks)
QUESTION 3

(a) Consider the one-dimensional inhomogeneous equation

Lu(z) = u(z) = f(z), (1)

where L is a hermitian operator A is a constant, and u(z) satisfies homogeneous
boundary conditions. Derive the formula for the solution u(z) in terms of a
Green’s function expressed as eigenfunctions of L. (16 marks)

(b) The cquation of a string of length [, vibrating with angular frequency w is

d*u(z)
da?

+ k*u(z) = 0, (2)

satisfying the boundary conditions

The constant k£ = ¢, where ¢ is the velocity of the wave llg the string. Determine
the Green’s function for the problem using the formula for the Green’s function
that results from the derivation of part (a). The cigenvalues and normalised
cigenfunctions of eq. (2) are

2

respectively. (5 marks)



(c) Write down the differential equation of the Green’s function of eq. (1). Give the
physical interpretation of this equation. (4 marks)

QUESTION 4

(a) Use the algebraic method to show that the eigenvalues and un-normalised eigen-
functions of the integral equation

A1) = A /_ 11(1‘, +a)o(t) di

are given by

V3 V3 V3 V3
=5 de=—, die) = A7 (avV3+1), and da(e) = A (2vB - 1),
respectively, with A a constant. (12 marks)

(b) Solve the integral equation

ba) =+ /i(t +2)@(t) dt

using the Hilbert-Schmidt method and the refsults from part (a). You are given
that the normalisation constants for the eigenfunctions are N; = Av/3 and N, =

—AV3. (13 marks)
QUESTION 5
(a) Give the defining properties of a group and an abelian group. (5 marks)

(b) Consider the following elements of permutation of six objects: a = [146253], b =
[351624], ¢ = [425163], d = [456123], e = [243165] and [ = [654123]. By writing
these elements in cyclic notation, determine which elements are equivalent.

(4 marks)

(c) The classes of the group of A4 of even permutations are: ¢y = I,co = A, D, E, H,
cg=B, C, F, G,and ¢4 = J, K, L,. The multiplication table A4 is rearranged
so that the identity element lies along the leading diagonal. The resulting table
is:



R | Q| | | QO] | toj ~
| | ) X | O | | Q| ~ |
Q| Q| ™| | | b)) & =~ |
W) | Q& | s O]~ == Q
T | O | O] QR Q) | | T

| O | Q| ] R | Qf | &

QIO | R~ & T | | O ™

| o O =~ R O | D

Ol ] |~ Q) | | QY R

x|~ | O | O = | | Q ~

S| ] e | Q | I QR
~| | X Q| | W Q| O )

(i) From the table determine the characters of the matrices in the regular repre-
sention. This should be done without determining the matrices themselves.
(Hint: you only need to determine the diagonal elements of the matrices,
which can be done directly from the above table.)

(4 marks)

(ii) Use the characters from part one to determine whether the regular repre-
sentation is reducible.

(5 marks)

(iii) From the table determine the matrices of each element of class c; in the reg-
ular representation. Find a matrix which commutes with each of the these
matrices. From this matrix state whether or not the regular representation
is reducible giving a reason or reasons for you answer. Does your answer
agree with your answer to part (ii)?

QUESTION 6

(7 marks)

Consider Sg, the symmetry group of a square. Its 8 elements are divided into 5 classes:
a=E ¢ =C0Cy, g =Cf,Cf, and ¢4 = 0,,0, and ¢5 = 71,0,. Complete the

following character table for Sg

X(l) X(2) X(3) X(4) x®
C1
Cy 1 -2
C3 -1 -1
Cyq 1 -1
Cs -1 -1 1 0

The multiplication table for the group #% 5'3;& M



E 1C.|CL Chlor o, ] 01 o,
C2z E CL CZ; (o} O J9 o1
CLlCL|Co E o1 o oy, 0y
ColCLI E Cou| oo o, | o, gy

+ —
Y Iz 71 g2 C2z E C4 2 C4 z
E= =
g1 g2 Oz Oy C4z 042 E CZz
o2 | 01 |0y 0, |Cp CL|Co. E

(25 marks)
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Q.1 (a) Find the Cholesky factorization of the following matrix

4 12 8 4
1 7 18 9
A= 2 9 20 20
3 11 15 14

[13]

(b) Given the boundary value problem
2z 2
"_ r_
iy T2y
with bounday conditions y(0) = 2, y(1) = 5/3. Convert this equation to a system of four
first-order initial-value problems giving initial conditions to each of them.

+22+1

Y

[12]
Q.2 Given the following linear system
21 — 329+ 23 =6
Ty +x9—2x3=4
—x1+x2—3x3 =5
i) Without finding the determinate, find the inverse of the characteristic matrix for this
system,
i) Use the inverse obtained in (i) to solve the linear system.
[25]
Q.3 The function
flz)=z2*—2z—-10
has a unique zero near 2. Given that
g(z) = Vz + 10
is a fixed point function associated with f(z), estimate the root of f(z) after two itcrations.
[25]
Q.4  Given the initial-value problem
Ve 0 ) =1, y(0) =0
1+ 23 1423 ' ’
on [0,1]. Taking h = 0.5, approximate the solution to of the above ordinary differential
cquation using the Runge-Kutta method. (25)
25



Q.5

Q.6

Approximate the solution to the following initial-value problem
Y =flz,y) =2 -2y, 0<z<]1, y(0) =0

at x = 0.8 with h = 0.2 using the Adams fourth-order predictor-corrector equations;

Ya = y3 + % [55f($31y3) - 59f(1‘2, y2) + 37f($1a yl) - gf(x01 yo)]

as the predictor equation and

Y1 =y3 + % (9 (24, y4) + 19f (x3,y3) — 5 (2, y2) + f(1, 1))

Hint: Use the Euler’s method to determine (z1,91), (z2,92), and (z3,y3).

25]
The system
U =up, ubh= —EUQ uy =y, uy = —gu4
1 ’ 2 PRac 3 ) 4 z
with initial conditions
ur(1) =10, up(1) =0, wu3(l)=0, wug(l)=1
on the interval [1,2], arises in the solution of the differential equation describing the elec-
trostatic potential between two concentric spheres, one of radius 1 and the other of radius
2. Using the Runge-Kutta method with n = 2 (ie. h = 0.5) calculate the values of cach
component of the solution as a function of z.
[25]

* % % % % x * End of Examination x x x % * %



Appendix

Newton-Raphson:

Iteratively approximates the root of a non-linear function f(z) starting
with an initial guess z;

f(zi)
f'(ws)

Ti+1l = Tf —

Euler’s Method:

The most basic technique for finding the approximate solution of a first-
order ODE ¢/ = f(z,y) with initial condition y(z¢) = yo on an interval
(20, Zn]. The interval [zg, z,] is divided into n equally spaced points (nodes)
and the distance between each node h = (z,, — z¢)/n is called the step-size.
This method approximates solution values y1, %2, ..., ¥, at the node points
T1,T2,...,T3.

Yi+1 = Yi + hf(@i, v)

Classic Runge-Kutta Method:

The most basic technique for finding the approximate solution of a first-
order ODE ¢/ = f(z,y) with initial condition y(z¢) = #y on an interval
[z0, zn]. The interval [zo, 2] is divided into n equally spaced points (nodes)
and the distance between cach node h = (z,, — zg)/n is called the step-size.
This method approximates solution values y1,¥s, ..., ¥ at the node points
T1,2,...,T3.

Yirl = Y + (k1 + 2ko + 2ks + kq) /6

where
k1= hf(zi, y), ko = hf(z; + 0.5h,y; + 0.5k;),

k3 = hf(z; +0.5h,y; + 0.5ks), ka4 =hf(z;+ h,y; + ks)
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Useful formulas:

1 !

Hla
¥ '

H H, .. H, , —E®

ol 2 [e%e]
E-r(tl) = (Un |H'|tn)

L
o = (k) /t Hjo (1) explinat )

Eigenfunctions of a particle in a square well located between z = () and x = L:

. 2 . nmx
Pnlz) = 7 Sin——

Under a unitary transformation the operator A changes to A’ according to:

Al = UAUT




1. (a) A particle moves in a two-dimensional box with walls placed at @ = 0,
=L, y=0andy= L. Thus, the potential is zero inside the box and infinite
outside.

(i) Show that the eigenfunctions

2 Ny L Ty Y
) e 2L . ‘yJ ) ) o P
Unan, (£, ) = —me 7 sin ==, Mg, My = 1,2,3, ...
satisfy the time-independent Schroedinger equation for the system, provided that
the energy values are

E - 7T2h2 L2 2

[4marks]
(ii) Show that the eigenfunctions obey the orthonormality relation
L L
ah* a oarVah o vrfay —
/1 AAAA o /0 l,//’n@ny<1’7 y) l.""'n.ftn;, (‘I"'.‘ y)dldy - 6715071.; (Snyn;}
[Smarks]

(b) The particle in (a) above is acted upon by the perturbation H' = k, where
k is a constant. Use first-order perturbation theory to show that
(i) the perturbed energy of the ground state of the particle is

g
E=—+=+k
ml?
[4marks]
(ii) the perturbed energy of the first excited state is
po 90T
T 2mlL?
[8marks).
(iii) Explain why your results are exact and why they must apply to all the
states of the system. [2marks]
(iv) Hence, deduce the eigenfunctions of the perturbed system. [2marks]

(2) (a) A particle of charge ¢ in a square well of width L positioned between
r = 0 and x = L is acted upon by the perturbation —egoqre” 7t where gp is a
constant. If the particle is in the ground state at t = 0, caleulate the probability
that it is in the first excited state as £ — 0. [11marks]
You may need the integral

x Cos dz = [(=1)™ — 1], with m an integer.

/' L mmx L?
0 L m2m?




(b) The Hamiltonian of the harmonic oscillator is

.2 ]

P 1

= + ‘—’ri'lwz;t?
2m 2

while the ladder operators for the problem are

1 P MW

. : 1/2
ay = —gz|—— T i)z
ﬂ[(vnhw)l/z h )"l
(i) Working in momentum space, show that
[z,p] =R
[2marks]
(ii) Given the commutation relations [H,ay] = £hwas, show that a, is a
raising operator while a_ is a lowering operator. [6inarks]
(iii) Explain why if ¢g is the ground-state eigenfunction, then
(1(_(]50 = ()
[2marks]
(iv) Given that ¢o has the form
) 2
g =e 7

determine the value o must have for ¢o to be the correct ground-state eigenfunc-
tion. [4marks]

3. (a) (i) Explain the main advantage of the variational method over per-
turbation theory in solving quantum systems. [2marks]

(ii) The use of the variational method for estimating ground-state energies
and eigenfunctions is based on the result

(H) > Eo

where Ej is the ground-state energy and (H) is the expectation value of the
Hamiltonian for a selected trial function. Prove this result. [6marks]




(b) A particle of mass m moves in the one-dimensional square-well potential

V = 0; 0<ae< /L
V = oo 2<0,2>L
(i) Consider the variational function
Po(z) = 2“(1 — )"

Write down an expression for the expectation value (H),, of the energy, but do
not attempt to evaluate the integrals. [4marks]
(ii) The integrals may be evaluated to give

_ h 2a(4a +1)
" omL? 2 -1

(H)
where only positive values of « are allowed. Use the variational principle to obtain

an estimate of the ground-state energy and compare it with the exact value

2R
2ml?

oy

[10marks]
(iii) Compute the percentage error and comment on your result.  [3marks)

4. (a) The commutation relations for the components of the operator for the
orbital angular momentum are
[Li, L;] = thLg, withi,jk taken in cyclical order
(i) Use this information to show that the ladder operators Ly = L, +1iL, satisfy

the commutation relations n
[Lz L.L] =Nl

[6Gmarks]
(ii) Prove that L. is a raising operator, while L_ is a lowering operator.
[6marks]
(b) (i) Given that
0 0 .
L. = th(sin ¢— + cot 8 cos o=y,
L hi(—co 0 + cot 6 : )
=1 SP— sin p—
v o0 EE




show that

s

L, = he'® (—d— + 'zicot(').(—)>

oo Op
and 5 5
. O
L_=he™|——= +icotf—
06 O
[6iarks]
(ii) Given that
Yio(0, p) = V/;;(‘:OSO
obtain the other spherical harmonics for [ = 1. They do not have to be nor-
malised. [4marks]
(iii) Show that
I—’--{--»Y’l'l (9 R (I.’)) = 0
and explain the meaning of this result. [3marks]

5. (a) Show how the differential eigenvalue equation At = M\ can be trans-
formed into the matrix eigenvalue equation

Al =
Give the expressions for the operator [A] and the vector . [8marks]
(b) (i) State the defining property of unitary operators. [2marks]
(ii) Prove that the operator

0 -t 0

w=|i 0 0

0 0 0
is unitary. [4marks]

(iii) The z component of the spin operator for spin 1 is

A0 0
S.)=|00 0
00 —h

so that the eigenvalues are ki, 0 and —7 with the respective eigenvectors

1 0 0
xXe=101], xo=1{1 and x_. =10
0 0 1

5



Show that under the unitary transformation mediated by [U], the eigenvalues of

[S.] are unaffected. [5marks]
(iv) Show that the eigenvectors transform correctly under . [4marks]
(v) Comunent on this result. [2marks]

6. The Pauli spin matrices are

(7-"010—0—1: ’mdamlo
N1 0 L A ‘ =L 0 —1

The Hamiltonian of an electron in a uniform magnetic field B is

H=tE (04 + 0y)

N

where pp is the Bohr magneton.
(i) Calculate the encrgy eigenvalues of the electron and show that the nor-
malised eigenvectors are given by

1 ' 1
=l | 77 . and A,———( —_V ) )
X1 (%(l—%—?)) X2 %(l+-z)

3

b

[15marks]

(ii) Verify that the eigenvectors are orthogonal. [2marks]
(iii) Verify that the eigenvectors satisty Y |k) (k| = 1. [4marks]
(iv) Obtain the expectation value of 5, = %ff:, the z component of the spin

in the lower-energy state. [4marks]

*EXXKKEND OF EXAMINATIONTH****
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In Lagrangian mechanics,

. oL
H:Zqiaqi—~L, L=T-V

The Dirac matrices are
0 o _ Oy o o,
oz 0 )2 T amy 0 8= 0
I 0 1
oy = pg—(o _I>,wherel—(0 )

the Pauli spin matrices are

(01 _ (0 —i _[(1 0
=1 0) T i o0 ) FT 0 -1

Note that the Pauli spin matrices obey the angular momentum algebra

It

o3|

lo;,0;] = ihoy with 4, j, k in cyclical order




1. (a) Explain the difference between a discrete and a continuous symmetry
and give an example of each.. [4marks]

(b) The unitary operator for the infinitesimal continuous symmetry trans-
formation 65 is

Uss(e) = I +ieFs

where ¢ is an arbitrary infinitesimal quantity and Fls is a Hermitian operator.
(i) Show that if the Hamiltonian H is invariant under the syminetry trans-
formation 65, then
[Fs,H) =0

[3marks].
(ii) The time-evolution operator

Ult,to) = exp (——%H(t - to)>

is the unitary operator that mediates time translations. Given that the expec-
tation value of the operator A is

W=(G Sptam)

show that the energy is conserved when H is not a function of the time.[5Smarks]

(c) (i) Show that under a symmetry transformation the transformed wave
function 4 of a physical system is related to the original wave function by

¥ (r) = ¢(r—ér)

where dr is the change in the position vector under the symmetry transforma-
tion. [3marks]
(ii) The rotation matrix for a rotation of ¢ about the z axis is

1 0 0
R=1 0 cos¢ —sing
0 sing coso

Use this information to show that the generator of infinitesimal rotations about
the z axis is the operator

-~ . 0 0
L, =1ih (ZEZ; - ya>

for the z component of the angular momentum. [10marks]




2. (a) It is known that if the potential in the Lagrangian is
V=qgp—-qv-A
then the Euler-Lagrande equations yield the Lorentz force
F=¢(-V¢+v xB)

which is the correct force acting on a particle subject to the magnetic field B
and the electrostatic potential ¢.
(i) Show that this Lagrangian gives the generalized momenta

Pi=pi+qA; i=x,9,2

[4 marks]
(ii) Show that the Hamiltonian corresponding to this Lagrangian is

H=T+ q¢

where T is the kinetic energy. [6marks]
(iii) Use this information to explain how you would incorporate the electro-
magnetic field into the description of a physical system. [2marks|

(b) The transition rate for absorption of radiation for an atom in a radiation
field of intensity I(ws,) is given by

1 (wp)

Wia =
b 3chZey

€ Dygl?
where
Dy, = —e/wg‘rd)ad'r

is the dipole matrix element.

An isotropic three-dimensional harmonic oscillator of frequency w in the
ground state is in interaction with an electromagnetic wave which is polarized
in the direction

e= (47
=—(

\/5 J
The wave functions of the oscillator are given by

Yo = djnmnaynaz (z,y,2) = Xn,, (w)Ynay (y)Znaz (2)

while the energy values are

3
Boitiayne, = (naz + Nay + Naz + §> huw

(i) Determine the possible final states of the oscillator. [6marks]
(ii) Determine the respective transition rates.. [7marks]




You may use the result

0, m#n+£l
an =4 % (37, m=n+1
1) m=n-1
for the position matrix elements of the harmonic oscillator, where o = \/mw/H.

[8marks]

3. (a) What is the dipole approximation in the treatment of the interaction
of radiation with matter? [2marks]

(b) (i) Explain the meaning of the parity operation and justify why measur-
able quantities must be invariant under it. [4marks]

(ii) Show that in spherical polar coordinates, the parity operation is equiv-
alent to the transformation

(Taaad)) - (7‘,7{'—(9,71'—{-(75)

[3marks]|
(c) Stimulated absorption and emission or as well as spontaneous emission
of radiation all depend on the dipole matrix element

o = (s D] a) = —e / 0} (¥ (x)dr

where D = —er is the electric dipole operator, 13 (r) is the state of higher energy
and 1,(r) is the state of lower energy. For a hydrogen-like atom, the matrix
element Dy, contains the angular factors

=(U'm! Im) / / Y7 (6, ¢) sin cos ¢, (0, @) sin 0dOdep
9=0 J o=

I,('m',lm) / / Y} (0, ¢) sin 0 sin ¢}, (6, ¢) sin 0dfd
=0 J p=
and

L(U'm!,lm) / / Y (0, @) cos 0Y;, (0, ¢) sin OdOdp
0=0 Jp=

where m and m’ are magnetic quantum numbers,  and I’ are angular momentum
quantum numbers. Given that the spherical harmonics Y}, (0, ¢) transform as

Yim(0,9) = —(=1)"Vim (0, ¢)

under the change (6, ¢) — (7 — 6,7 + ¢),
(i) Determine the selection rules arising from the parity operation.[8marks]
(ii) Determine the selection rules pertaining to the magnetic quantum num-
bers.[8marks|



4. Three identical non-interacting fermions are trapped in a one-dimensional
box with walls at z =0 and z = L.
(i) Show that the single-particle states satisfy the Schroedinger equation

B2 42

— 5 ovile) = Bapi(zi), i=1,2,3

[5marks]
(ii) Show that the wave function

#}fnf)(xi) = \/%sin (&Zﬂ)

satisfies the Schroedinger equation for the single-particle states provided that
the energy is given by

_ n?7r2h2

" omL?
[4 marks]
(iv) Determine the ground-state energy of the three-particle system.|[3marks|
(v) Obtain the wave function of the three-particle system. [5marks]
(vi) Using any two particles, verify the Pauli exclusion principle for the
system. [5marks]
(vii) Give the energy and the wave function of the ground state if the par-
ticles are bosons. [3marks]

5. The total angular momentum of two spin-1/2 particles is S = S§;+8S,..
When a uniform magnetic field B is applied to the system, each individual
particle has energy —u - B, where p is the magnetic moment for a spin-1/2
particle.

(i) Show that the possible values of the quantum number s for the combined
system are s = 0, 1. [2marks]

(ii) Show that the states of the combined system are

).
1
0

=510). (1), (2),(:
o =(0) (0 o= (1)
-3 0(3),. (), (1), ()]

Use the table of Clebsch-Gordan coefficients provided. [10marks]
(iii) Determine the energies of all the compound states. [2marks)
(iv) Determine the behaviour of these states under interchange of the parti-

cles and hence state are suitable for describing fermions and which for describing

bosons. [6marks]
(vi) Given that

h/o0o 1 hf0 —i i1 0
se=3 (Vo) =3 (1), mas=3 (0 1),




confirm that the anti-symmetric state is an eigenfunction of S%. [5marks]

6 (a) (i) Obtain the Klein-Gordon relativistic wave equation

62

(=h?AV2 + m2cHW(r,t) = -ﬁzw\ll(r, t)
{4 marks]
(ii) Obtain the Dirac equation
L OY(r,t
[c(e - p) + aomoc?)¥(r,t) = zh-——é;’——)
[Tmarks]
(iii) The Klein-Gordon equation was proposed before the Dirac equation.
Explain why it was considered unsatisfactory. [2marks]
(iv) Use any two of the Dirac matrices given on the front page to prove the
commutation properties. [4marks)

(b) The Dirac Hamiltonian for a particle moving under the central potential
V(r) is
H = cayp, + coopy + cosp, + pamoc? + V(r)
where p = (pz, Py, P-) is the momentum and a = (a1, g, a3), g = p3 are the

Dirac matrices.
(i) Show that

[H, L.} = —ihc(a1p, — aops)
[4marks]
(ii) In fact, it can be shown that in addition

[H,L?] #0

However, if

J=L+ga

where o is the Pauli spin operator, it can be shown that
[H,J.]=0and [H,J? =0
Explain the significance of all these results.. [4marks]

3k 3k 3k Sk 3k 3k 3k 3k s sk sk Sk Sk sk sk sk sk sk sk sk ok ok sk sk sk ok sk kok

END OF EXAMINATION
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Table 6.3 Clebsch—-Gordan coefficients.

(h yrmmy|jm)

i mz=% mz=—%

] h+m+%)”Z (h—m+‘,)”2
h+z 25, 1 25 +1

o (j.—m+‘,)'/2 (/1+m+;)”2
h=3 5 -

2h +1 2j +1

(i immy|jm)
J m=1 m =0 m=-1
- [(i1+m)(j|+m+1)]m [(/l—m+1)(i1+m+1)]”2 [(/’1—-m)(j1——m+l)]”z
h @h+0)2h ¥ Ch+ DG+ D Ch+V2h +2)
. _[(i1+m)(i1—m+l)]'/2 [ m ]"2 [(j1—m)(11+m+1)]"2
h 2h(h+ 1) G+ 1 Zh(h + D
P [(j,—mm‘,—mu)]”’ _[<j,-m>(/,+m)]”’ [(/,+m+1>(;,+m>]'/2
! 2hh + 1) hZh+ D 2h@h +1)

and the symmetry relations
(jrjamima|jm) = (=)' 270, jimam, | jm)
= (=Y (i jo —my — my|j ~ m)

= (a1 —=my—m|j —m)

(21N .
= (=) ""(2—;2'?) (Jijm; —m|jz — my)
, 2j+1\"* ..
= (—)jﬁ"'z("‘—'—zjI T 1) (Jja — mma|ji —my). (6.292)

Details concerning the explicit computation of the Clebsch-Gordan coefficients,
together with tables, can be found for example in Edmonds (1957) or Rose (1957).
In Table 6.3 the Clebsch—Gordan coefficients {j, j,m,m;|jm) are given for the cases
J2 =1/2 and j, = 1. By using the symmetry relations, all the coefficients with any
one of jj, j» or j equal to 1/2 or to | can be obtained.

Addition of the orbital angular momentum and spin of a particle

As a first example, let us consider a particle of spin 5. Let L be its orbital angular
momentum operator and S its spin angular momentum operator. The total angular
momentum operator of the particle is therefore J = L + S. We shall denote by
my, ms and m; the quantum numbers corresponding to the operators L, S. and J.,
respectively. In the position representation the simultaneous eigenfunctions of the
operators L2 and L_ are the spherical harmonics Yim (@, ¢) withl =0,1,2, ..., and
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[Li, L;] = thLy, with 4,7,k in cyclical order

Recursion relation for Legendre polynomials .(2/+1)(1—w?)Y2P™ () =
PITII (w) — P/™ (w) where w = cos§.
Orthogonality relation for Legendre polynomials:

/+1 Pilml(w)Pl',m'(w)dw _ 2 (l + |m{)!5”/

. 2+ 1(1 = |m|)!

/xcosw :~2%osa:+:csin:v+C

Question 1.(a) Describe all the ways in which matter and electromagnetic
radiation can interact. [6marks]

(b) The expression for the Lorentz force acting on an electron in an atom
is
F=—e(E+vxB)
Given that the amplitude of the electric field and that of the magnetic field
in an electromagnetic wave are related by

1
BO ~ —EO
C

1



explain why we can treat the interaction of radiation with matter in terms
of the electric field only. You may assume that the velocity of an electron in
a one-electron atom is '

Ze?

dmegnh

where n is its principle quantum number. [4marks]

(c) A certain particle in a three-dimensional infinite potential well of
dimension L is in interaction with an electromagnetic wave which is polarized
in the z direction.

(i) Sketch the solution of the time-independent Schroedinger equation
implicitly for this particle and thus show that its wave functions in the state
a are given by

\Ila = ‘I"namnaynaz (CU, Y, Z) = ¢nam (x)wnay (y)wnaz (Z)

while its energy values are
E;'nmnaynaz = Enaa: + Enay + Enaz

Here 1, .(z;) is the eigenfunction for a particle in a one-dimensional square

well and is given by
1/)nai (xz) = \/%Sin _—nazzlrxi

[9 marks]
(ii) The transition rate for stimulated emission of radiation by the particle
is
T (Why) (.~ 2
Wie = € Dy,
’ FL2C€ 0 | b I

where € = i is the polarization vector and

Do =~ [ wirbudr

is the dipole matrix element, If the particle is initially in the ground state
(nz = ny = n, = 1), deterrmine the probability that the particle remains in
the ground as a result of the transition.. [6 marks]




Question 2. The transition probabilities for the various processes that
occur when electromagnetic radiation and matter interact vanish if the dipole
matrix element

Dy = (6 [D] %) = —e / ()T, (r)dr

is zero. Here D = —er is the electric dipole operator, 9,(r) is the atomic
state of higher energy and ,(r) is the atomic state of lower energy. The
matrix element D,, contains the factors

2
Ky(m,m') = /0 exp [¢ (m — m') ¢] cos pd¢

27
K,(m,m') = /0 exp [i (m —m') ¢] do
and

L+(l',l,m):/ P (cos 8) sin § P™ (cos 6)df
0

where m and m/' are magnetic quantum numbers, [ and I are angular momen-
tum quantum numbers and F™(cos 6) are associated Legendre polynomials.
(i) Show that the factor K,(m,m') leads to the selection rule

Am = +1

for magnetic quantum numbers. [11marks]
(ii) Show that the factor K,(m,m’) leads to the selection rule

Am =0

for magnetic quantum numbers. [5marks]
(iii) Show that the factor L*(l,1,m) leads to the selection rule

Al = +1.
for angular momentum quantum numbers. [9marks]
Remember that
lim =2 _, 0and lim =% _, 1
T z—0 r a0
3



Question 3. (a) With the aid of the heuristic rules for converting dynam-
ical quantities into operators, use the relativistic expression for the energy

E? = 2 + m2ct
to obtain the one-particle Klein-Gordon relativistic wave equation

2
(—R*V? + m2c) U(r,t) = —h2%\lf(r, t)

Note that p is the momentum and m the rest mass of the particle.[4 marks]
(ii) Show that the continuity equation corresponding to this equation is

. Op
V'_]'f'a—o

and obtain the expressions for p and j. (12 marks]
(b) (i) Explain why Dirac sought to linearize the relativistic equation
E? = P2 + m2ch

for the energy. [3 marks]
(ii) Show that the linearization procedure of Dirac

‘ 3
E=c¢ Z 0Py
pn=0

is possible if the quantities o satisfy

— 2 _
ooy + apoy, = 26, and a, = 1.

[8 marks|

Question 4. (a) The two independent spins J; and J, are added to give
the total spin J = J; + J,.

(i) Show that J commutes with J; and Js. [4marks]

(ii) Explain the implications of this. [2 marks|

4



(b) A certain quantum system is composed of two particle of spin S=1
which are added to give J = S+ So.

(i) Show that the possible values of the total angular momentum of the
system are J = 0,1,and 2. [2marks]

(ii) Give all the wave functions of the compound system without evaluat-
ing the Clebsch-Gordan coefficients except for the cases J =2 and M = 2.
[8 marks]

(iti) Explain why the J = 2 and M = £2 states are

1 1 0 0
ITIM=? = ( 0 ) ( 0 ) and ®72M="2 = ( 0 ) ( 0 )
0/,\0/, 1/, \1/,

[5 marks)
(iif) Show that the expectation values of the operator

10 0 10 0
7] =[] + 1Sl =R { 0 0 0 | +A} 00 0
00 -1/, 00 -1/,

in the states J = 2 and M = %2 are respectively (J;) = £2h . [4marks|

Question 5. The ladder operators for angular momentum L are defined
by
L, =L,xiL,
(i) Show that
[L-,L;] = hL_
and

[L+7Lz] = —hL,

[4marks]
(ii) Show that L. and L_ are raising and lowering operators respectively.
[4marks|




(ili) Given that

L, =ih (sin¢ 9 + cot 6 cos ¢ ¢)

and

L, =1ih (- cos ¢% + cot fsin 45%)

show that 3
= he'®
Ly =he (ae—l-zcoth(b)

‘ 0 0
— Bt _ 2
_=he ( 89+zcot08¢>

1
Y2(0,¢) = \/ g;‘em sin” 0

to show that Y3,(6, ¢). has the form

and

[4marks]
(iv) Use

Y21(6,¢) = Be™**sinf cos 6

[4marks|
(v) Normalize this function.  [5marks]
(vi) Show that there is no state corresponding to m = 3. [4marks]
Question 6. The Hamiltonian of the harmonic oscillator is

2
_p 1,
H = o + 2k:1;
and the ladder operators are defined as
1 D W 79
at = \/_[(mhw)l/z :i:'L( ) .Z‘]
(i) Show that

I
H=(aya_+ a_a+)7w

[6marks]




(ii) Prove one of the commutation relations

[H,a+] = Thway
[6marks]
(iii) Show that the ground state 1, of the harmonic oscillator satisfies the
equation
1 A\ d mw .,
N i YRy VP —
[6marks]
(iv) Prove that the solution of this equation is
mw\ 1/4 mw ,
e
[3marks]
(v) Show that the ground-state energy is Ey = }Aw. [4marks]

END OF EXAMINATION
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I =4921MJ /m*hr  6=2345 sin\:—3—69 (284 + n):\ w=1 5[(ST ~12)+ Mi’f.]

) 365 60

E, =1+0.033cos(360n) H_ K, », = cos™ (- tangtan 5)
365 H,

For o, 281.4° and 03<K,<0.8
%‘1 ~1311-3.022K, +3.427K,” -1.821K,’
For », <81.4° and 03<K, <08

51}_]1 ~1311-3.560K, +4.189K,” —2.137K,’

Liu and Jordan model is given as;

g,-a1- R,,+ﬁd(__—‘+°°sﬂ)+ﬁp(__—l‘°°sﬂ)
H 2 2




Correction coefficients in Angstrém formula are;

|

a=-0.110+0.235cos¢ + 0.323(%} , b=1.449-0.553cos¢ — 0.694( 2 J

14 r

%]

. 1
Uu,=—", l——=l+x+x2+x3+ ..................... )
-Xx

U — 2(ll +12y3Kin

s R o =5.67x10"W /m*K*
LI L,

%6 o, siné sin(g — B)+cosd cos(p — B)sin o,

T
R, = p , (ra) 4 =ITT
ﬁa)s sindsing + cos S cosgsin @, —\Ua)Pa
sind sinlg — )+ cosdcoslg — f)cosw - N
) = in : (¢ .,3) (¢-8) .4, =ULAp(Tp—T0)’ 7, =ex kL
sindsing + cosd cosgcosw cosd,
1 1-p, 1-p, L
T, == T, ) Tr\'=_—.‘——a T, =i N ab — +4,
=oltn) 1+ 2N -1)p, »TTi@N-Dp,” v
(r,-T,) . T 1+ cos
n= FR‘:(TO‘)qf -U, ——1_— ’ 9. = FAp[qab —UL(T/ _Ta)]’ Fy =—2_ﬁ
!

r,=——————p(1—cos'8), H i3 , L =1 -1 ﬁ,+fd(——1+cosﬂ)+7,p(l—005ﬂ
2 73 5 1 2 2

p 1

9raa = hr (Tp _Tc) hr = O-geﬁ

[(Tp+273)4—(1;+273)4] . 1 T
— £y =|—+—-1
p c



Q1. (a) Define the following terms with reference to the Sun-earth angle geometry.

(i) Solar altitude angle

(ii) Declination of the Sun angle

iy  Solar azimuth angle

(iv)  Zenith angle. [2+2+2+2]

(b) Calculate the
(1) zenith angle at 10:30 solar time,
(ii)  solar azimuth angle at 10:30 solar time,
(iii)  sunrise hour angle, and
(iv)  day length,
on October 16 in Lusaka (15° S latitude). [4+6+4+3]

Q2. (a) The daily extraterrestrial solar radiation on a horizontal surface may be
expressed as

H, =EIS(,EO —”—a)‘,siné'sinqﬁ+cos§cos¢sina)s .
n 180 -

(1) Estimate the daily extraterrestrial solar radiation on a horizontal surface
located at the equator on June 11, 1996. (7]

(i)  Estimate the daily extraterrestrial solar radiation received on a horizontal
surface at latitude 28° N, on May 15. [6]

(b) (i) Derive an expression for the hourly solar radiation on a horizontal surface
and show that it reduces to

I, =I_vch(sinésinqb+cos§cos¢cosa)i). [10]

(ii) State any assumptions that you may have made. 2]

Q3. (a) (a) Estimate the daily global solar radiation on a horizontal surface at a location
28° N, on September 15, if the monthly average daily hours of “bright” sunshine
observed is 11.5 hrs. The day’s solar radiation on a horizontal surface outside the earth’s
atmosphere is 40.0 MJ/m’day. [15]

(b) A collector is to be installed at latitude 43°N, inclined at an angle of 60° to the
horizontal facing due south. The monthly average daily solar radiation on horizontal
surface for January H = 3.85MJ/m?.day. Use the Liu and Jordan Model (also known as
the isotropic diffuse model) to estimate the monthly average global radiation incident on
the collector for the month of January. The clearness index for the month of January is
0.44 and the ground albedo is 0.7. Comment on your answer. | [10]



Q4. (a) Use the prediction equation to calculate the monthly average daily global solar
radiation falling on a horizontal surface on a town located 21°N latitude during the month
of January. The monthly average sunshine hours for January are 9.8hrs. [10]

(b) Calculate the monthly average hourly solar radiation falling on a tilted flat-plate
collector facing due south (y = 0) at a town 13°N latitude between 1 1:00 hrs and 12:00hrs
on October 15, given the following parameters.

I =241MJ/m?hr, I,=1.07MVm*hr, p=02, pf=15". [15]
Q5. (a) (i) Calculate the threshold radiation flux for the following values of
(r,e,)="0.80, 0.60, 0.40, and 0.20. The solar collector has the following parameters;
T,=100°C, T,=16°Cand U =6 W/m?°C. [8]

(ii) Comment on your results. [2]

(b) The collector system operates under the following parameters;

Instantaneous collector efficiency =44.7%
Effective transmittance-absorptance product =0.727
Overall heat loss coefficient = 4.0W/m*C
Fluid inlet temperature =60°C
Ambient temperature =25°C

Solar radiation falling on collector area = 852.7W/m?

Calculate the collector heat removal factor for a flat-plate collector with a double glass
cover and a selective absorber surface. [15]

End of Examination
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Q1. (a) In the figure below, the top curve shows the solar radiation outside the
atmosphere and the bottom curve shows a typical absorption spectrum vertically across
the full atmospheric envelope at clear weather conditions. Briefly, explain the term
spectral selectivity based on the figure below. [10]

Solar radiation
(extraterrestrial)

IiIJ_J

!
i

i
|
Lol

Atmospheric
absorptance
(sea level)

Wavelength |um]

(b) The optical constants of austenitic stainless steel are #=1.9; k=3.5 at 500nm and
n=35.4; k=7.5 at 2000nm. Calculate the reflectance at these wavelengths at
(1) normal incidence ( 6 =0),

(ii) glancing incidence (6. =85"). [15]

Q2. (a) Car dealers often use “tinted windows” as a sales argument. Tinting means that
the glass has been made slightly absorbing.
(1) If glass is 3mm thick, what extinction coefficient gives a transmittance of
about 25% instead of the clear glass value of 92%? Use L = 0.5 pm.
(i1) (ii) Calculate the reflectance of such a tinted window. Use the non-coherence

case. [13]

(b) Write short notes on the following:



(1) Solar mirrors, Solar selective absorbers and Heat mirrors [2+2+2]

(i)  Thermal evaporation, Sputtering and Spray pyrolysis [2+2+2]

Q3. (a) The variation of band gap energy with temperature for silicon is given by the
relation,

aTl?

E(T)=E0)~ 7

, where a = 7x10™ eV/K, b= 1100 K, and E,(0) = 1.16 eV.

(i)  Calculate the band gap energy for silicon at 40 °C.

(i) Determine the temperature for zero band gap energy for silicon and explain for the
choice of your answer. [13]

(b) A gallium arsenide solar cell with a band gap of 1.42 eV at a temperature of 300K
has a short circuit current of 2.34 A under normal illumination. Calculate the
corresponding open circuit voltage given that the dark saturation current is

E
I,=1.5x10"exp| - —% |. [12]
kT

Q4. (a) The reflectance of an anti-reflecting coating is generally given as

2

2
n, —n . . - . .

R :( 2 22} » Where n,is the refractive index of the substrate, and n, is the refractive

n, +n2

index of the thin film (coating). A thin semiconductor film has been deposited on quartz
with refractive index 1.5. If the reflectance of the film is 0.2, calculate the
(1) thickness of the film

(i1) refractive index of the film

(i)  band gap energy when the cut-off wavelength is 0.43pm. [11]

(b) Calculate the shift in the Fermi-level in a silicon crystal doped with a group V
impurity of concentration 1x10"°cm™. The effective density of states in the conduction

band is 2.82x10"cm™ and the band gap energy for silicon is 1.11eV at a temperature of
27°C. (8]

(¢) (i) What is ellipsometry?
(i) An ellipsometer has a light source, a polarizer, a compensator, an analyzer and a
detector. Draw a labeled diagram of an ellipsometer. [6]



Q3. (a) The I-V characteristic of a PV cell under illumination may be expressed as

eV
I=1 —|-1|-1,,
ul:exp(kT) j, L

where the symbols have their usual meaning.
(1) Derive an expression for the voltage when the overall cell current is zero.

(i1) Hence, calculate the voltage for a silicon solar cell with the following
parameters at  40°C; [, =424, I =1.5x10° exp(~E,/kT)  and
E (S)=1.11eV. [13]

(b) In a certain experiment, the total reflectance of silicon was found to be 30% at zero
photon energy i.e @ =0. Use this information to calculate the static dielectric constant,
£,(0) of silicon. Hint: Determine the refractive index of silicon.  [12]

Q6. (a) The effect of the parasitic resistances (series resistance and shunt resistance) is to
reduce the fill-factor of a solar cell module. Draw the corresponding I-V curves in each
case to show the effects of these parasitic resistances on the fill-factor. [6]

(b) A sample of germanium is made of p-type material by adding 1.1x10%° of acceptor
atoms. If the concentration of intrinsic carriers n; = 2.5x10'° m™ at 300K and assuming
that all the acceptor atoms are ionized at 300K, calculate the density of electrons and also

compare it to the intrinsic charge carrier concentration. (8]

(¢) In the figure below, the modules (M1 — M4) are connected in a bridge circuit where

DCM is a DC motor and R, is the load resistance.

(1) Identify the diodes (D1- D6) whether they are blocking diodes or by-pass
diodes.

(i)  Explain the functions of each diode. [11]



Dl* Dz*

D3 * M1

M2

DCM
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Q1. (a) The figure below shows one of the physical vapour deposition techniques used to
deposit thin films called the sputtering technique. [5]

sputtering gas inlet  border of
dark space

anode
—{ 1]
power supply - :
200-5,000 V : l-
ol ‘o — substrate
2 S, ' S holder
EIHE 12
) 5 8
/‘ H '
/| i 1
// Cm— 1 by
. / anode
cathode shielding AN
7 T w
/" low pressure
-2 A
vacuum chamber 104 107 mbar

vacuum pump

List any five (5) conditions favourable for the successful deposition of thin films on the
substrate.

(b) The optical constants of austenitic stainless steel are n=1.9; k=3.5 at 500nm and

n=54; k=7.5 at 2000nm. Calculate the reflectance at these wavelengths at

(1) normal incidence (8, =0°),

(i1) glancing incidence (8, = 85°). [12]

(¢) Inthe figure below, the modules are arranged in series making a module string.

Identify the diodes in this figure and explain their functions. [8]



string

—i modaule ‘ﬂ

—
o
j

4

Q2. (a) The total amplitude reflectance coefficient for a single layer thin film may be
expressed as

T + e %8
TT1+ rr,e 28

(i) Show that the total reflectance R for this thin film may be expressed as

_ Ti+ri+2rir,Cos28
147212 +21,1,C0528

[6]

(i1) Similarly, show that the total transmittance T for this thin film may be expressed

— 1+r%r% —(r% +r%)
1+7r4r5+2r,7,C0528

(3]

(b) The table below shows the optical constants for gold as a function of photon energy.

Calculate the experimental values of the real and imaginary parts of the complex

dielectric function, and the angular frequency w. [9]
E=how(elV) 0.89 1.02 1.14 1.26 1.51 1.64
n 0.43 0.35 0.27 0.22 0.16 0.14
k 9.52 8.15 7.15 5.66 5.08 5.54




(¢) Write short notes on the following:
) Solar mirrors, Solar selective absorbers and Heat mirrors [1+1+1]

(ii)  Thermal evaporation, and Spray pyrolysis  [1+1]

Q3. (a) The variation of band gap energy with temperature for silicon is given by the
relation,

2

E(T)= E“'(O)—;{—b’ where a = 7x10* eV/K, b= 1100 K, and Eg(0) = 1.16 eV.

(i) Calculate the band gap energy for silicon at 40°C.

(i) Determine the temperature for zero band gap energy for silicon and explain for the

choice of your answer. [13]

(b) A gallium arsenide solar cell with a band gap of 1.42 eV at a temperature of 300K
has a short circuit current of 2.34A under normal illumination. Calculate the

corresponding open circuit voltage given that the dark saturation current is

E
I =1.5x10"exp| - —£ | A. 12
0 x p[ kT] [12]

Q4. (a) The reflectance of an anti-reflecting coating is generally given as

2
n, —n . .. . .
R =( 3 22) , where n, is the refractive index of the substrate, and 7, is the refractive
n, +n,

index of the thin film (coating). A thin semiconductor film has been deposited on quartz
(substrate) with refractive index 1.5. If the reflectance of the film is 0.2, calculate the

() thickness of the film

(ii)  refractive index of the film

(iii)  band gap energy when the cut-off wavelength is 0.43pm. [13]



(b) The spectral response of a solar cell is defined as the Amps generated per watt of

incident light. Thus
Spectral response =Z—’1.QE .
c

Where QF is the quantum efficiency of the solar cell, g is the electronic charge and 4 is
the Planck’s constant. Calculate the short-circuit current of a solar cell of area 4cm?,

illuminated by light of wavelength 800nm at an intensity of 200W/m?2. Take the quantum
efficiency of the cell to be 0.80. [12]

Q3. (a) In a certain experiment, the total reflectance of silicon was found to be 30% at
zero photon energy i.e @=0. Use this information to calculate the static dielectric

constant, & (0) of silicon. (Hint: Determine the refractive index of silicon). [12]

(b) A silicon ingot is doped with 10% phosphorous atoms per cubic meter. Find the
(i) carrier concentrations (n and p) and
(ii) Fermi level measured from the conduction band and

(ii1) Fermi level measured from the intrinsic F ermi level.
The values 7, =1.45x10"m™ and N, = 2.8x10® m™ for silicon are at room temperature

(300K) and complete ionization is assumed. [13]

---------—-----End of Examination------.__
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Q.1 (a) In Cubic Spline approximation, we write the n cubic polynomial pieces as

Si(z) = ai + bi(z — z;) + ci(w — ) + di(x — )3

on each subinterval [z;,z;41] for ¢ = 0,1,...,n — 1 where a;, b;, ¢; and d; represent 4n
unknown coeflicients, which when joined up as smoothly as possible result in the spline
S(z) = f(z) = y. Defining m; = S/(z;) and h; = z;41 — x; and using the fact that

L. S (wiy1) = 8i1 (Tig1)
2. Si(z;) = yi and Si(wiq1) = Yit1
3. 5,{(3:1‘4.1) = S7€+1(33i+1)&

show that

himi + 2(hi + hi+1)mi+1 + his1Miss = 6 Yiv2 — Yi+1  Yi+1 —Yi
hiva hi

[10 Marks]

(b) Using the expression obtained in a, find the Natural spline for the following data points

% 0 1 2 3 4
z;|-2 -1 0 1 2
Y 4 -1 2 1 8
[15 Marks]
Q.2 (a) Using appropriate linear combinations of the Taylor expansions for f(z + 2h),
flxz+h), f(z), f(x — h) and f(z — 2h), show that
1
fO(z) ~ 573 F(@+2k) = 2f (@ + h) + 2f(z = h) = f(z — 2h)]
and
1
fO(@) = o7 [f(@ +2h) — 4f (@ + h) + 6f(x) — 4f(z ~ h) + f(z — 2h)]
[15 Marks]

(b) Let f(z) =zlnz+x, and z = [0.9, 1.3, 2.1, 2.5, 3.3]. Use the formula in Q.2 (a) for the
approximation of the third derivative of the function f(z) to approximate value of —1/22
at x = 1.7. Also compute the absolute error.
[10 Marks]



Q.3 (a) If A is the true (unknown) value of the quantity approximated by a low-order approximat-
ing formula A(h) (for differentiation or integration) and that the error in the approximation
can be expressed as

A — A(h) = agh® + agh* + - -

where h is the step-size and the coefficients of the error terms do not depend on it, derive
the first-level Richardson extrapolation formula by separately using step-sizes h and h/2 to

improve the approximation of A. Also, show that the error in the improved approximation
can be expressed as

A — B(h) = bgh* + bgh® + - -
[10 Marks]
(b) Consider the data below;

z |1]2]3]4]5
fl@)y|2]4[8]16]32

By taking h = 2, use the central-difference formula and first-level Richardson extrapolation
to estimate f'(3).
[15 Marks]

Q.4 (a) For a two variable function u(z,y), a general point can be denoted as (x;,y;) and the
value of the function at this point as u; ; and the step-size in the z— and y—directions as
Az = h and Ay = k respectively. Show that the central finite-difference approximation
formula for the first-order partial derivative with respect to z at the point (z;,y;) is

3} Uitl,j — Ui-1,j
&U(l‘i,yj) = %
[10 Marks]

(b) Let the values of u at (z;,y;) be recorded in the matrix:

51 65 75 81 84
55 6.8 78 83 89
55 69 90 84 9.1
54 9.6 91 86 94

Uij =

Assume the indices begin at 1, ¢ is the index for the rows and j index for the columns.
Suppose that A = 0.5 and k& = 0.2, use the central finite-difference formula to determine

Ou
Oy 2,4
[10 Marks]




Q.5 (a) To determine the displacement d of a spring of stiffness 400 N /m and unstretched
length 6 m when a force of 200 N is applied, as illustrated in the figure below, two
expressions are found for the tension T in each half of the spring.

3m

F = 200N d

‘Sm

First, T is half the horizontal component of the applied force; i.e.,

T = 100v/9 + d2/d

Second, T is the product of the sprint constant and the amount by which the spring
is stretched; i.e.,

T = 400(v/9 + d2 — 3)

Show that the equation involving only d is
4VI+d?-3)d-VI+d2=0
[10 Marks]

(b) Using the Secant method, approximate the distance d in Q.5 (a) after three itera-
tions given that d lies between 1.5 m and 2 m.

[15 Marks]
Q.6 (a) Determine the Lower (L) and Upper (U) and triagular matrices of A
1 2 1 1 0 07
26 2 2 1 90
3 14 12 3 4 1
A= 1 2 1 2 6 12
0 2 2 -1 -3 -6
2 4 3 3 2 2|
[10 Marks]

(b) Given that b = [4 12 23 -21 15 3]' use the Doolittle method to solve the
system

Ax=Db
[15 Marks]

* % % % % x * End of Examination % x % % % % %



Appendix

Taylor Expansion

For an arbitrary z¢ and & = z¢ + h, the Taylor expansion about zg can be written as

flath) = Z(ih <’“)()+(( )1)_ £

for € € [xo, z].
Hermite Interpolation

A Hermite approximation polynomial of degree 2n + 1, at most, that matches both function
values and some of the derivative values at some specified values of the independent variable
is given by

n

P(z) = [Hi(2)y: + Ki(z)z]

=0

where

Hi(z) = [Li(z)]?(1 - 2Li(z)(z — )
Ki(z) = [Li(2)P(z — =)

wo = 11 (2%)

k=0
k#£i
/

Z; = i

Partial Derivatives

For a function of two variables, u(x, y), its Taylor series for u(z + Az, y) about (z,y) is given
by;

(A0 @Pu . (A2) Pu

u(e+82,9) = u(e,y) + Aage(@y) + S T8,y + BT84 1 of(any
and for u(z — Az, y) about (z,vy) is
n T 2 2 T 3 73
u(e - Az,y) = u(w,y) — (A2) 34 ) + Sk Tt y) - BT opanyy



Cubic Spline

A function f(z) can be approximated by n cubic polynomial pieces
Si(z) = a; + bi(z — ;) + ci(x — 2:)? + di(x — x;)3
The resulting spline S(xz) satisfies the following conditions
1. S(z) = S;(x) on each subinterval [z;, z;+1] for i =0,1,...n — 1
2. Si(z;) =y, fori=0,1,...n
3. S(z), S'(z) and S”(x) are continuous on [zg, Tp)

Assuming that the second derivatives of S(z) at the first (zo) and last (z,) knots are equal
to zero, leads to a “Natural Spline”. If it is assumed that the first derivatives at the first
and last knots equal the first derivatives of the function f(z), leads to a “Clamped Spline”.

Secant Method

For a nonlinear function f(z), the approximation to its zero,zy;1, between zy_1 and zy is
given by

Toan = @ — Tk Tkl
MR T ) — f(mr

f(zw)

LU-factorization

The matrix A = [a;] can be written in terms of its factor matrices L and U as A = LU.
The entries of the matrices L = [m;;] (with main diagonal elements equal 1) and U = [u;;]
are computed as follows

Uy = a1 forj=1,...,n
a;1 .
my = — fori=2,...,n
u11
-1
u; = aij—g Mislsj forj=14,...,n 122
s=1
1 =
mi; = — aij_g MisUsj forz':j+1,...,n ]22
3] s=1




