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~

UNIVERSITY EXAMINATIONS - OCTOBER/NOVEMBER 1995

BS 112

THEORY PAPER

TIME: THREE (3) HOURS g
INSTRUCTIONS:
1. Answer all the questions in any order. using the answer

sheet provided.

2. All questions carry equal marks.
A correct answer carries +4 mark.
A wrong answer carries -1 mark. .
"I don't know" carries 0 mark. ‘)

Therefore do not guess.

Note: This question paper together with your answer sheet,
should be left at the desk where you sat, for the
examination.
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- PLANT BIOLOGY COMPONENT

l; A floral diagram is defined as

¥ “an exoression of the ground plan of the flower Ag
2. an expression of the longitudinal sector of the flower
3. an expression of the vertical plan of the flower.

stn

‘Y4.-""an expression summ=risirg the number and position-of the
floral parts .

5. an expression summarising the number of ovules in the(g'
ovary
6. I do not know
2. A fungus known as Penicillium notatum is considered an

important organism because it is used in the preparation of

1. chlorophylls

2. starches
—3. antibiotics 4
4. asprins
5. celluloses
6. I do not know
\
)



3. The Imbibition of water by the seed brinas about the synthesis
of mRNA which is vital in the production of

O'\U"fhb’hl)l—‘

alkaloids
polypeptides -
lipids

sugars _
carbohydrates"
I do not know

4. Typha is an aquatic plant which develops an underground
vrerennating organ from which aerial shoots and roots arise.
This organ is referred to as x

0 W td

'y
rhizoid. . v
rhizome : dD
rhizine o
rhizomorph v
stolon . ]
do not know

- e

5. In the classification process applicable to both extinct and
living organisms..the next higher taxonomic unit embracing
all the related genera is termed

1. the kingdom ¥

2. the family Y/ %'

3. the genus -

4 the species

5. the class. =@

6. I do not know

6. The quiescent centre is defined as

1. a spherical tissue found at the avex of the leaf where
cells exhibit very high mitotic activity

2. a hemispherjcal tissue found at the apex of thewggg@'
where cells exhibit a very high rate of mitotic‘activity

3. a hemispherical tissue found at the apex of the -stem
where cells exhibit very low melotlc activity ,

4. a hemispherical tissue found at the root apex where cells
exhibit very high melotlc activity

5. a hemispherical tissue found at the root tip where cells

exhibit very low mltotlc activity or none

6. I do not know



A compound known to effect and maintain dormancy in angiosperm
seeds is called .

Indole acetic acid ~
Indole butyric,acid
abscisic acid - ¥
cytokinins

gibberellic acid

I do not know

K
[SATNS LI N CL IS e

In the light reaction of a photosynthetic process ocourring
within an intact plant. "electron hole" which is created by
the loss of a pair of electrons in the chlorophyll moalecule
is filled-up by another pair of electrons provided by

the photolysis of the water molecule:
the photolysis of the ATP molecule LA
the photolysis of the chlorophyll molecule A ;_B
the synthesis of the water molecule -
the synthesis of the ATP molecule C\D\
I do not know

A

UV W N

The first chemically detectszble compound resulting from the
assimilation of carbon dioxide by the €3 plants in the dark
reaction of a photosynthetic process is called

aspartic acid

malic acid-

rhosphoenol pyruvate; < .
-3-phosphoglyceric acid « 7
ozxaloacetic acid.-

I do not know

¢

S W N

Roots of most vascular plants are characterised with the
anatomical presence of the endodermis, which is a

- ~

v

| e

1. uniseriate cvlinder of cells strapped with a lignosuberin-
band calle” +%“a Caspzrian Strip
2. multiseriate cylinder of cells strapped with a V
lignosuberin band called the Casparian Strip _
3. uniseriate cylinder of cells strapped with a cellulose A
band called the Casparian Strip '
4. multiseriate cylinder of meristematic tissue from/which < N
flowers originate <>
5. multiseriate cylinder of meristematic tissue from which o+ g~
- leaves originate ™ 43
6. - I do not know ~ \
o
A



15. The mushroom belongs to an organismic group whose hody
structure is made up of units called the

NG W b

~

flagella

filaments

heterocysts
heterothallic fragments
hyphae .- .

I do not know

16. Spores that develop within the sporangium of the fungus
called Sapr'olegnia. in the class Oomycetes,. are

referred

tc as

ascospores
basidiospores
conidia ’
Zygospores

. ZO0SDOores

I do not know

17. The mode of nutritiocn displayed by the fungus knowa as

£ Rhizcpus

13 considered to he

1. autotrorvhic
2. holozoic
3. heterotrophic
4, parasitic

~5. saprophytic..
6. I do not know

18. The characteristic features of a hornwort called Anthecceros
is depicted by the occurrence of a hornlike structure found
on the dorsal surface of the thailus, which is referred to as

~1. the

2. the
3. the
4. the
5. the
5.

sporophyte . 7
gametophyte -
antheridiophore/
archegoniophorev”
seta

I do not ?now

19. The sporophyte of a moss plant is

USSR (W N b=

nutritionally dependent on the seta

nutritionally independent of the unfertilised archegonium
nutritionally dependent on the antheridium

nutritionally dependent of the gametophyteJ
nutritionally indeperrdent of the gametophyvte

I do not know ‘



#20; Rcecording to Theophrastos' svstem of classification. a shrub
is described as v

. a herbaceous*plant with several stems arising from the
soil surface g ‘
. a herbaceous plant with a single stem arising from the
B scil surface
. a herbaceous perennial plant with rhizomatous
{underground) stems
~4 a woody plant with a single stem trunk arising from the
soil surface Aree
5. a woody plant with several stem trunks arising from the
soil surface
6. I do not know

21. The stock which connects the ovule to the placenta of the

ovary is technically known as the
£

. nucellus

funiculus ~

. pedicel

. rachiole

style

. I do not know

.

.

Y O s (0 N

22. R component of the masuku gseed known as the testa is mostly
comprised of a hardened protective tissue referred to as the

1. epidermis
2. hypodermi
3. endodermis
4, sclerenchymas
5. parenchymaia
6. 1 do not know
23. A weather condition in whkich the relative humidity is very AENRY
high tends to bring about N 4\a3“,5
s \\N": vt ‘\‘ \¢
1. an increase in the rate of transpiration-¥-Z VM e
-2. a reduction in the rate of transpiration<®y \VW”f.
3. an increase in the active transport of mineral ions ‘Nhgbﬁ\
4, a reduction in the active transport of mineral ions :ﬁ&*“z
5. an increase in both the passive and active transport e
of mineral ions across the endodermis
6. I do not know
P
6



24. In leaves of a C4 plant, such as maize, it has bheen :
established that ribulose bivhosvhate is a carbon dinxide
acceptor known to be localised in the

1. subsidiary celils of the stomata:
2. guard cells of the stomatav S

- 3. mesophyll cells only - Gy ’
4, bundle sheath cells only< o puor
5
6

. xylem cells df the vascular bundlea
. I do not know w*  yW
(Q Mm \\¢ M\‘\\J
25. The term kymplauu is applied to a component of the 1\“ \gsk
. . N N
1. root or stem embracing plasmodesmsfa, ntercellular
spaces and cvtoplasm C
C2. root or stem comprised of the cell wall and
1ntezc911§lar spaces
3. stem of root comprised of the ceLl“wali. cytoplasm and
cell membrane AN Nt %\““H
4. stem or root.comprised of the cytoplasm. rcel r memorane
and ylaqmo@eama+a°\y/
5. stem or rootacomprised of the cell wall, oell membrane
and intercelliular spaces ' 1 -é:ﬁ
6. I do not. know “F
26. The phenomenon of root pressure., which is illustrated by the
exudation of water at the cut end of the stem, is a functior
of ’
~
I, active absorption of solutes followed by the osmotir
inflow of water molecules intoc the root
2. a passive absorption of wWater and solutes through the
apoplast: of the root cortex ‘
‘3. a passive absorption of water and solutes through the
symplast of the epidermis and cortex of the root
4. a transpiration process occurring during the day light
5. a prassive absorption of water and solutes facilitated '
"by oxygen supply
6. I do not know
27. A laboratory apparatus used to measure root pressure is called
\ "’/Xz\'\'ﬁ\ r‘\\‘“‘\ _lE__ iC‘ 1@ "JN- L0
. potometar :

- p-p ) ] /
. porometer 6TL‘1\Q 90 ‘6 @

1

2

3. hvgrometer - LA
<. manometer'%‘*"
5. barometer- gLyt
6. I do not know



28. A well developed angicsperm ovule that is consid=rad to be
ready for fertilization should have
1. initially undergone the process of gametogenesis in which
the meiotic division of the-pollen mother CP;I ax@@s rise
. " PO . e v -
to four functional spgwm/cells S NENe ER\ 0{

) v
- - z&g& VJ\“ o wt

2. initially undergone the nrcﬂess of qametcapne«1 in which
Ve the“giigils_dixlslon of the ncllep mother cell c¢ives rise
o J—"to “four functional cn@fm cells

{QQ-A, : X .
~ R .1n1t¢allv undergone the process of metogenasis in which
\¢he meiotic division of the sporeflother cell is a single
functional cell which ultimate develops in-o elght‘iﬁgﬁu“
k& nuclei =~ _ ’ : '
4, initially undergone the process of gametogenesis in which
- the meiotic’division of the spore mother cell gives rise
to four functional cells each of which develcps into
eight nuclei -

5. initially undergone the process of gametogene=is in which
the mitotic divisigw™0% the spore mother cell gives rise
to a single func*wbnal’ﬂell which ultimately levelops
into a set of three nuclei .

6. I do not know

29. The term pollination strictly refers to

1. the fusion of the sperm cell with the egg within the
ovule of the angiosperm plant
2. the transfer of all the three sperm cells from =a
germinating pollen tube to the ovule of the gymnoszperm
plant
~3. - the transfer of pollen grains from the anther to the
- stigma of the angiosperm plant
4. the transfer of sperm cells from the antheridiun to the
archegonium of the moss plant
5. the transfer of the Sherm cells from the aptheridium to
‘the archegonium of the\ fern plant 2N
6. I do not know
T\\“ Ax \"\_\;
& g



30.

31.

The TUNICA-CORPUS theory simpl¥ relates to a development
process in which

1. the corpus is known ag a meristem that leads to the
e preduction of a plate of tissue strictly arising from
\ the anticlinal divigion of cells

_dé*.' the corpus is known as a meristem that leads to the

* production of a velume of tissue arising from both the ./
periclinal and anticlinal division of cells

3. the tunica is known as meristem that produces a volume
X of tissue, and ultimately the epidermis, arising from
both anticlinal and periclinal division of cells

4, the tunica 1s known as a meristem which produces a plate
aS of tisswue. and ultimately the epidermis, strictly

arising from the periclinal divizion of cells
P5 N ‘ s R
: ‘\

2. &‘ﬂhe tunica 1z known as a mevistem that leads to the

N \ broducb'nn ci a plate of tissue, and ultimately the

multiseriate cor tex arising from the anticlinal division

6T cells ‘
6. I do not know
The medullary rays noted in stems of the herbaceous plants
is a product resulting from the differentiation of
1. varenchyma cells of the medulla in the pith region
+ -
2. phloem cdlls 1in the vascular bundles
3. the phellogen
4. the interfascicular cambium:~
-5, the fascicular cambium.-
6. I do not know

A mature fruit whose pericarp is comprised of a dry tissue
and splits along more than tweo satures to reveal three or
more loculns is known as the

1

2. legnmeﬂ4ﬂ§y¢mﬂ\
3. > capsules ~ea

4.  follicle MW
5. samara . (WY
6. I do not know



. A group of cells characterised bv having thin cell wszlils
isodiametric in their oversall shape constitute a tisszus tvp
referred to as the

1. xvlem

2. sclereids

3. sclerenchyma .
4., parencyma’ . _
5. fibres ( RN
6 I do not know ‘ i

- In most dicot plants branch roots arise from a maristematic
tissue known ags the o

cortex sy Y
endodermis *
epidermis
exodermis -
pericycle ../
I do not know

»

S

G\é!uﬁhb)f\)!*—'

e
.  The unusual phenomenon noted in tlowering plants is cne in
which fertilisation leads to the development of the enéospermc(

tissue whose cells are cytologically found to be haa

v . s
1. haploid | - A
2. monoploid ) - , ywars
3. diploid L MR

N triploidw ’

5. tetraploid
6. I do not know

. The process termed as photophosphoryvlation involves the
reaction of ADP and an inorganic »hosphate ion to form
ATP in what is considered to be

1. light independent process

2. light independent carboxylation of process
3. light independent phosphorylation process -
4. dark dependent photosynthetin process

4. light dependent phosphoryvlation Process.
6. I do not know

A transverse section of a relatively young dicot roox
reveals that a tissue which seperates the vascular system
from the cortex is called the

1. vericycle ’

2. fascicular cambium

3. interfascicular cambium
—~4. endodermis

5. exodermis .

6. I do not know
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38. The term "velamen" is aprlied to
1. a uniseriate epidermis found in leaves of ground orchNds
2. a uniseriate epidermis found in stems of ground orchids
3. a multiseriate 9ﬂ1d°rm10 feound in roots of epiphytic
orchids .
4. a multiseriate epidermis found in roots of ground or:nwi;“
5. a multiseriate hypodermis found in roots of aguati
plants
6. I do not know

39. The movement of carbon dicxide from the surrounding
environment into a leaf via a stomatal pore can be describad
as

UJ

.

.

a normal regniratorv procesg
a normal diffusion process
an osmotic event

a transpiration process

an aspect of cyvtoplasmic streaming
I do not know

.

O'\Lnrhw,\)l*—'

.

40. A condition in which a living eukaryctlc cell undergoes
complete Dlacmaéqzls after being suspended in ‘a physiological
sclution suggests that
%, the pvhysiological solution is hypotonic with reference
to the cell sap

2. the cell's sap is hypertonic with reference to the
surrocunding physiclogical solution

3. the osmotic pressure of the vphysiolecgical solution isg’
lower than that of the cell's ZAD

4. the osmotic pressure of the cell's sap is lower than that
of the uhValDLOQ1C31 solution

5. the cell's components are notb membrane and, therefore,
allow the free diffusiorn of molecules into the cell]

5. I do not know
41. A compound leaf of a dicot plant is characterised by
1. .a blade which iz not lobe
2. a blade exhibiting = taethe& margin
QK 3. a feature where several leaves are attached around the
¥ nodes
4. a feature where a pair of petiiate leaves are arranged
in opposite locations at a single node

5. a feature where two or more leaflets are attached on a
'single rachis of a vetiolate leaf

5. I do not know

I
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2. A chloroplast is a plastid best described as

1. a prokaryotic organelle envelobed by a singi® membrane
and containing chlorophylls. ;
-2. a prokaryotic organelle enveloped by a set of two
membranes and containing chlorophyvlls i
3. a eukarvotic organells envelopeéd by a single membrane
and containing chlorophylls -
+4 a eukaryotic organelle enveloped by two membranesz but
lacking chlerophylls
5/ a eukaryotic organelle enveloped by two membrangs and
) containing chlorophvllsw
6, I do not know
3. The vascular bundles of a herbaceous monocot stem. as

111ustra+ed by the grass Hvparrhenia, are considered tg
be "closed" bhecause

1. they possess procambium

2. they possess true cambium

2. they possess secondary cambium termed phellogen

4. they lack phellogen

~5. they lack cambium «~

6. I do not know
L. The central core of a well developed tree called "dubanga

, CiAdilae
throughout Zambia, which is comprised of xvlem tissue that
has lost the capacity to conduct water and minerzl solutes,

botanically termed as

1. Pericopsis angolensis .
2. sapwood

3. heartwood ...~

4. protoxyvlem
5
6

. metaxylem
. I do not know

. A feature of the dicot plant where a sharp spine hears
plnnatelv compound leaves reflects an organ structuve which
is said to be

modified leaf.
modified pro-root
modified stem . -
modified petiole.
cladole /

do not know

.

.
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46.

48,

49.

S

A transverse section of ¢ leaf of a tropical grass

exhibiting the "XKrang anatomy"” ‘is chnaracterized by the

presence of

1, the mesophyll tissue which isg clearly differentiated into
non- ﬂulorovhx Ious paliszde and gpongy cells -

2. the hV“DdermT containing ch]nxnnlaaLs

3. the Qplcrenﬂhvm containing chloroplasts

A the vascular ndles surreunded by parenchyma sheath
Fe’lﬂ davoid OF chloronlasts

J5 . hm vascular buad;es surrounded by a de"‘vafivg of

" stome shesth cells cnn%ainlna chloroplasts '

6. I do not know

The event of fertiiigza tion in angiosperm plants triggers the

transformation of the oville into a seed. and thi:,entalls

1. v the mobili 3 Q@ regerves, such ag starch,
prot91ﬂ5 ane ids, whi verted into simple
sugars, s

2. the mobils
acids, v

. 7ino acids and fatty
azah, proteins and

lipids
3. the breakdown of proteins into pelypeptides
4. the breakdeown of hydrolvtic enzymes in the aleurone
laver
5. the hydrolvtic breakdcwn of the ovule's intergument
6. I do not know

hat lead to the germination of the

With regards to events +
b :tablishgﬁ that gibberellic acid plavs ar
ainst

seed, it has h
antagonistic reole

1. messenger RNA synthesics
2. protein synthesis
3. the process leading to endosperm formastio
4, indole~3- acetic acid—
—5,. abscisic acid.
6. I do not know

A female plant of Ma rckantia undergoing sexual reproduction
is typified by presence of :

the archegoniovhors on orzal sv face of thallus
the archegonia on the ‘al surfasz - of the thallus
3. the antheridis av the avex of the thiilus '
—4 . the antheridiophore at the apex of the thallus
5. the gemma cups on the dorsal face of the thallus

n
.o
a]

6. I do not know

Lot
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The structure of a pineaprie fruit reveals the extarnal
morvhology which zuggests that it is

1. a single-seeded fruit derived from a single OVAYY
2. a several-seeded fruit derived from a single ovary
3. a several~seeded fruit derived from a ﬁzngle f}ower
4, a fleshy fruit derived from the fuzion cf =X

5. a fleshy fruit derived from a single flowaer

many seeds
6. I do not know

ANIMAL BIOLOGY COMPONENT

Which of the following statements about lipids iz NOT true

i. lipids are relatively insoluble in water.:”

2. like carbohydrates, lipids are compoged of carbon,
hydrogen and oxygern atoms ~

3. lipids are important biological fuels

4. they serve as structural components of cell membrznes ¥

—5. .~ they are not regarded as essential L.

6. I do not know

The term "TISSUE" can be applied to

1. any structure in a living organism
. similar cells grouped into = structural and functional
unit e

3 a copulatory structure
4, any organ in the body
5. 4 and 2 are correc

& I do not know

;Zﬁ_’-ﬂ

Ep¢thelium consist of:

Sl
1. jﬁ&ﬂ& like material making:up the main ﬁ rt of the cell
2. cells lining a cavity within the hddy v
3. a preparation made from a liquid like blood
4 tiny parts inside the znimal celd_ o
5. both 4 and 2 are correct
5. I do not know

Which of the follcowing bones is found in the mammalian leg?

1. humerus v

2. ulna »

3. scapula .

4, fibulaw —

5 radius~

6 I do not know

14
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1. nerve

2. bone

3. cartilage

~4 . stomach . «

5. muscle

6. I do not know
The number of cervical verte
1. seven

2. five

3. four !

4. twelve \
5. ten

6. I do not know

Striated muscles are sometim

H

voluntary (-
involuntaryy_w

fast acting -

. found in vertebrates on
. antagonistic/

. I do not kpow :

1
~2
1

.
.
.

O n

Choose the correct order

t
’

. ceil, tissue, organ. or
. tissue. cell, organism,
organism, tissue, cell,
cell, organism, organ,
organism, macromolecule
. I do not know

.

U & L N

ATP is required in muscle

1. relaxation only
2. contraction only -
- 3. relaxation and contract
4. flexion only
5. adduction only
6. I do not know

The tendency of an organism
internal environment is know

. adaptation

. thermal constancy
. homeostagis
secretion
ecolysis

. I do not know

.

[ L S R

5. Which of the following is NOT a tissue?

oo

brae in mammals

es referred

D

ly

ganism' /
craan
organ
tissue

. cell, organ

ion v’

1

to maintain constancy of the
n as:



6l. Which of the foliowing is NOT a

function of the liver?

- N

~-1. bone marrow formation:-
2. bile secvretion .
3. . homeostasis maintenance
4. . converts exress aglucozs ter glvcogen
5. .converts excess amino acids to fatty acids and uren
6. I do not know " ' '
62. In which Tegion does carbohydrate digestion begin?
I e
1. ducdenum ~
2. stomach ¢
3. liver=
4, large intestine™
-5, none of the above.v
5. I do not know
63. In which region doesg protein digestion hegin
L ducdenuw
- . stomach f
3. liver
A large intestine
5. mouth
6. I do not know
64. Which mineral is needed for haemoglobin production?
1. iodine
_2. ironv
3. calcium
4., potassium
5. both 3 and 4
6. I do not know
5. The hardest substance ocutzide the mammalian tooth is mads
o Tw ey obdohy filed mudlndy |
1. ivory
2. cement-
-3. enamel,
4, pulp ~
5. dentins
6. I do not know
66. The outer portion of the human kidnev is
~1. cortey ./
2. medulla
3. ureter-
4. renal pelvis”
5. epithelial’,’
6. I do not know

16
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7. The main region in the alimentarv canal of a vertebrate

animal where absorpticn occurs is mﬂgnugghqu,?§bv¢k

1. large intestine
2. stomach

-3. small intestine-
4, kidney

5. fibrin

6. I do not know

3. Whirch of the following is an organ?

1. bone -
2. cartilage
3. 1ligaments
4. blood -

-5, brain &
5. I do not know

. Which of the following organs is the MOST important cye

i T o
1. spleen
2. heart &8
3. Tungs < X
4. kidneys "

- 5. brain v <«— 17
5. I do not know

). The products of protein digestion are

1. fatty acids N R
2. simple sugars ,

~3. amino acids - '
4. polypeptides
5. 3 and 4
6. I do not know

.. Cardiac muscles are

“l. inveluntary

2. voluntary

3. fast acting

4. found in vertebratez only
5. not very important

6. I do not know

.  The capacity of an organism to detect

1. metabolism

-2. _responsiveness
3. feed back
4, co~ordination
5. transmission
6. I do not know

stimuli

18
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1. 2.3 ku
—2. 1.4 ko,
3. 3.0 kg
4. 0.8 ka
5. 1.2 ko
6. I deo not know

74. The structure through which gaseous exchange actually takes
place is:

1. sinuses
2. larynx
~3. alveaoli
4. epiglotis
5. pleural cavity
6. I do not know

75. Which of the folleowing is NOT a conneciive tissue?

-

1. bone

2. cartilage

3. tendons ;|

4, ligaments
~5. none of thesd
6. I do not know

76. In the mammal. the epidermis is present in the
stomach

duocdenum

mouth

iunas

skin v

I do not know

. .

.

"

o dh o w N

.

77. Which gland is the source of the enzvme trypsin

[o X, BT - S B N I ]
o
oW

oo e
o
Pt
o
@

19]
&

11 intestine.-

large intestine~

none of the above
I do not know

0
=

~3
foe]
3
joa
®
4]
o
=

tures found between the human skull are
flezible

inflexkible

movahie

immovable ~

none of the above

I do not know

.

.
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80.

The enzyme pepsin works best at a pH of about

1. 4.0 .

2. 7.5 :

3. 8.0 =

4. 13.2 @

-5y/ none of the ahove

6. I do not know .

Pericstalsis

1. stops food from getting inteo the wind pipe

2. hydrolyses starch

3. destroys bhacteria that reach the stomach
_4. is the movement that pushes food material down the

alimentary canal ¥

5. none o0f the above

6. I do not know

The energy exzpenditure at rest is known as .,
_i. basal metabolism’

2. resgpiration

3. carbon dioxide preduced

4. water vroduced

5. all the above

6. I do not know

In insects the process of gaseous exchange is carried out

through the:
1. malpignian tubuleﬁv/

"2 small intestine

3. gill like structures

4. tracherevw” .. o

5. none of the ahave

6. I do not know

The products of protein digestion are:

!

1. fatty acidg ¢
2. simple sugars*
3. - polypeptideav'.,,
4. nucleiz acids
5. vitamins
6. I do not know
19



84.

85.

87.

88.

The approximate length of the alimentarv tract in the ra®
Rattus norvegicus is:

i

1.35 m
1.20 m.
1.00 m
1
1

. .

-

v

N O N

bt
jo N
o

not know

Which of the following blood cells is nucleated and lack
haemoglohin

¥

leucoiyrer
ervthrocyte
platelets
plasma
fibrinogen

I do not know

.

T U as W N

-

The locality in which digestion begins ik man is=:
ot

ducdenum

stomach

small intestine

large intestine

none cf the above. -~

I do not know

O\éﬂrﬁtx\l\)l—-‘

»

Which of the following organs apvear to plav a verv imporiant
role in the digestion process

1. “liver:*

2. stomach - ‘ ‘
3. -small intéstine# R
4. large intestine

5. colon

6. I do not know

The zyvgote of a mammal develops inside a specialized
structure called the:

1. vlacentsa

~2, uterus v~

3. falleopian tube .
4. vagina

5. ovVary

6

I do not know



3. The enzyme present in saliva that initiates the hydreolyvsis
of starch is called
1. lactase
-2. amvlase
3. livase:
4. persin -
5. trvesin-
6. I do not know
. The surface area of the lungs of mammals is increaszed
greatly by means of:
1. villi-
2 coelom
~3. alveoli
4 bronchi
5. microviili
& I do not know
. Which of the following is HOT an endocrine organ of the
mammal :
1. pituitary bedy™
z. thyvroid gland -
3. parathyroid glands
4, adrenal glands 2
5. nonea of the aboves.
6. I do not know

. Which of the fellowing is the correct definition of
respiration.

1. breathing®*
2. intracellular oxidation of organic molecules to
release energy

3. gradient created due to differential partial prefsures
4. both 1 and 2 are correct.
5. movement of mnlecules
6. I do nont know
. Most of the carbon dioxide is carried in the blood as:
»~ bicarbonate ian;?

bicarbonate =alt.-

‘as carbonic acid 4 -

as water '

as carbohvdrates

I do not know \

.

OV LN (W 1D



Which blood celils transport oxvgen

1. rlatelets "
2. 'monocytes o

3. red blcod cells

4, neutrophils

5. eosinophils

6. I do not know

Bll resviratory svystems must have:

1. lungs

2. gills

3. trachea

4, thin moistened membranes!
5. ail of the above

6. I do not know

Which organ delivers urine to the outside of the hody?

“urethrav

renal tubules
renal pelvis
Bowman's capsule
uretar

I do not know

.

>

)(.i1,{kLA)MP£‘

.

The ultimate source of energy for almost all living
organismg is: )

1. protein molecules
—2. sunlighth”
3. carbohydrate molecules .,
4. lipid molecules
5. soil organic matter
. I do not know
Which of the following glands was once considered the
gland?
1., pituitary olandé
2. thyroid gland
3. adrenal glands
4. pineal body
5. thvmus .
63 I do not knowf&

N



99. The clear fluid which makes up the watery part of the blood
is called: v

lvmph

serum -

plasma-

blood exudate
all of the above
I do not know

/

O AN s BN

100. Which of the following organs is the least important:
/.
~1 spvleen’
2 heart:
3. lungs
4. brain .
5 kidneys
6 I do not know

END COF EXAMINATION
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THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - OCTCBER/NOVEMBER 1993

BS 212

PLANT AND ANTIMAL PHYSIOLOGCY

THEORY PAPER

THREE HOURS

R: FIVE QUESTIONS. TWO FROM EACH SECTION AND THE LAST
QUESTION FROM EITHER SECTION.

USE SEPARATE ANSWER BOOKS FOR EACH SECTION.

SECTION A

PLANT PHYSIOLOGY

(a) Explain the following terms: water potential, solute
potential, pressure potential.

{b) In an experiment to study the solute potential of a

cell during absorption of water the results plotted in
Fig. 1 were obtained.

(i) What was the volume of the cell in arbitrary units
when it had reached full turgor?

(ii) What was the pressure potential when the cell
volume was 102 arbitrary units?

Discuss the conditions other than plant factors, which N
affect water loss from leaves.

EITHER write on chromophores of phgtosynthetié pigments
in higher plants and algae.

OR write on how light energy is captured by ' /
photosynthetic pigments and utilized in the light reactions
of photosynthesis.

Discuss the roles of auxins and gibberellins in internocde
growth of stems.
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SECTION B

ANTMAL PHYSIOLOGY

What is gastrulation? Describe the main morpholegical and
biochemical changes which occur during gastrulation.

Discuss the evidence drawn from different species showing
that egg cytoplasm is highly organised. What is the
significance of this organisation?

Explain how gases are transported by the blood in a mammal.

Discuss the roles of hormones in osmoregulation in
and compare this with osmoregulation in agquatic animals.

END OF EXAMINATION

e



THE UNIVERSITY OF ZAMBIA

UNIVERSITY SUPPLEMENTARY/DEFERRED EXAMINATIONS - JANUARY 193936

PLANT AND ANIMAL PHYSIOLOGY

PRACTICAL PAFER

IME: ONE HOUR THIRTY MINUTES

NSWER : ALL QUESTIONS

USE SEPARATE ANSWER BOOK FOR EACH SECTION

SECTION A

PLANT PHYSIOLOGY

Variations in the rate of water vapour loss from leaves of
different species can be linked to differences in
epidermal structure.

An experiment was carried out to compare the water vapour
loss from daffodil leaves and from maize leaves. Pieces
of blue (dry) cobalt chloride paper 1 cm’®, were attached
to the upper and lower surfaces of the leaves by means of
clear adhesive tape. <Colour changes were observed at 15

minutes intervals over a period of 90 minutes. As the
cobalt chloride paper because moist, it changed from blue
to pink.

The colour changes during each 15 minute period were matched
against a standard range of colours from blue (G) to

pink (5). The colour changes were plotted against time

and are shown in the graph (Figure 3)}.

{a) Compare the differences in the rate of water vapour
loss from leaves of the two plants.

{b) The number of stomata on each surface of a daffodil
leaf and of a maize leaf were estimated by counting

the stomata in several 4 mm® areas of epidermis. From
these, the mean number of stomata per cm”™ was then
calculated. The mean numbers are given in the table
below.



Species Mean number of stomata per cm®

“

Upper epidermis Lower epidermis
Daffodil 3550 1850
?
Maize 5i090 6300 :

(c)

Explain the relationship between rate of water vapour
loss and number of stomata.

State two other structural features of a leaf which
might influence the rate of water vapour loss. In
each case give reasons for your answer.

SECTION B

ANIMAL PHYSIOLOGY

You have been given two specimens of urina A and B.

(a)

Carry out tests to determine 1f there is Glucose and
Albumin in each of the Specimens.

Write down the experimental procedure you have used.

Name the hormones and their origin that regulate
glucose level in the blood.

How does the ingestion of food affect the pH of urine?

How does high glucose level in the blood affect the
oxygen carrying capacity of red blood cells?

Explain the following physiological conditions: Give
well reasoned phyvsiological explanations for each otf
the following:

(i) People produce large volumes of dilute urine
on a cool day than on a hot day.

(ii) If blood pressure drops as a result of blood
ioss due to serious injury urine production
stops.



{iii) Protein may be detected in the urine of a
person suffering from kidney faiiure.

END OF EXAMINATION
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~

UNIVERSITY EXAMINATIONS - OCTOBER/NOVEMBER 1995

BS 222

THEORY PAPER

E: THREE HOURS
WER : FIVE QUESTIONS INCLUDING TWQO (2) FROM EACH

SECTION AND ONE FROM ANY SECTION. ALL
QUESTIONS CARRY EQUAL MARKS.

SECTION A

(a) What is the principal difference between Pirid’s Hour
Glass theory and the Dumbell model on the origin of
life?

(b) Discuss the theories of the origin of the metazoa.

(a) Define respiration.

{b) Discuss the various principal respiratory adaptations
in aguatic and terrestrial arthropods.

Discuss the Public Health and economic importance of the
Nemathelminthes. :

Define the following:

(i) Monoecious

(i1) Dioecious

(iii) Homeostasis

(iv) Osmoregulation

(v) Cephalization

(vi) Aberrant stock
(vii) Polyphvletic origin
(viidi) Nematocyst

(ix) Holozoic

(x) Acoeloid



SECTION B

Define and give examples of any five(5) of the following
terms as used in this course.

-

(i) Paedogenesis

(ii) Chiroptera

(iid) Oviparous,

(iv) Biochrome

(v) Vestigial organs'’
{vi) Homocercal fin-
(vii) Duplex uterus

With the aid of diagram, compare the reproductive cycle
of the African Mottled Eel (Anguilla bengalensis
labiata) with that of a frog (Xenopus laevis).

Describe the main respiratory features of a fish, and
compare its respiratory mechanism with that of birds.

Compare and discuss characteristics which distinguish two

groups of vertebrates; reptiles and mammals. Describe
the main feature which places the reptile as the
borderline between poikilotherms and homectherms. How

do reptiles regulate their body temperatures.)

END OF EXAMINATION
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THE UNIVERSITY OF ZAMBIA

UNIVERSITY SUPPLEMENTARY/DEFERRED EXBMINATICNS - JANUARY 1943

BS 331 -

THEORY PAPER

"IME: THREE HOURS

\NSWER: FIVE QUESTIONS

Outline the evidence which established that higher piant
photosynthesis consists of two light reactions cooperating
in series. ’

Discuss the mechanism of water-splitting in photosynthesis ¢
in the leaves of higher plants.

. Why does oxygen reduce the efficiency of photosynthesis
rather than enhance 1t?

What is the origin of hvdrogen ions in illuminated
chloroplasts of higher plants, how are the hvdrogen ions
distributed in the thyvlakoid system and what is the
significance of such distribution in heterotrophic mode
of nutrition.

) How is gaseous nitrogen converted into organic nitrogen .,
in the root nodules of leguminous piants?

. Compare and contrast the effects of Auxins and of
Gibberellins in the growth of stems.

Discuss in detail how light, relative humidity and
temperature influence water uptake by roots and water
loss through leaves.

Discuss the rcle of internal growth substances in

-

{a) phototropic response. of stems
{b) Root gravitropism

END OF EXAMINATION
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ANIMAL PHYSIOLOGY

THEORY PAPER

THREE HOURS

WER: ANY FIVE QUESTIONS

"Explain briefly how the major nitrogenous waste pr

Give several examples of symbiotic micro-organisms in
alimentary canals and explain how they benefit the ho=i?
Explain how the blood flow in the capillaries iz regulitad?

ccdusts
produced in animals and discuss how the excretiocn of these
waste products are associated with their habitat.

Explain the respiratory changes that take place in a human
during diving and exercise.

Explain the role of hormonesz in osmotic and ionic reguiations
of vertebrates?

What are pheromones?
Compare and contrast the action of pheromones with that oz
hormones.

Describe the structural and functiocnal differences betwesn
gills and lungs.

Write short notes on any four of the following:-

(a) Bohr effect

{b) Catecholamines
{e)} Pyrogens

(d) Acclamatization

Y

(e} Hibernation

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA

UNIVERSITY MID-YEAR EXAMINATIONS - JUNE 1995

BS 341

MICROBIOLOGY

THEORY PAPER

TIME: THREE HOURS

ANSWER:

FIVE QUESTIONS, TAKING NOT MORE THAN THREE FROM EITHER
SECTION A OR B. ANSWERS MAY BE ENHANCED BY INCLUDING
DIAGRAMS, RELEVANT TAERLES AND GRAPHS. ALL QUESTIONS CARRY
EQUAL MARKS.

SECTION A: BACTERIOLOGY.

1. With the help of a labelled diagram of a typical bacterial
cell; state the functions of the cell components and cell
surface structures.

2. Discuss briefly on the following:

{a) PFactors you would consider in the formulation of a
medium for growth of microorganisms.

{b) Pure culture and methods for maintaining pure
cultures.

3. Select any three {(3) types of microbial fermentations and
give for each:

{a) the chemical reactions by which it proceeds.
(b) at least two (2) microbial species involved in the
process
(c} possible industrial application(s).
4, Rickettsiae, Chlamvdiae and Mvcoplasmata are

all referred to as members of the Order Rickettsiales:

What makes them close to each other?

By which features are they different from ordinary
bacteria®?

(c) Give, at least one pathogenic species of each group
and disease caused?

a
b

o~ g
s Nt

-

b



SECTION B: VIROLOGY.

1. (a) Define the term host as it relates to viruses.
{b} Define virus. what are the minimal features
needed to fit your definition? Viruses c¢an be
defined in either biological or chemical terms.
Give both definitions.

2. Chemotherapeutic agents are lacking for most virus
diseases. From what you know about the stages of virus
multiplication, write (in general terms) how you might
try to assay (detect) a chemotherapeutic agent which
acts at each of these stages?

3. Draw the graph which illustrates a "one-step'" growth
curve. Several stages are known to occur, name them. Now
answer the following questions in reference to the stages
indicated in your graph (provide all the details on the
graph to gain full marks):

{a) In which stage does attachment of the virus particles
to cells occur and explain the phenomenon of
adsorption?

{b) 1In which stage are "early" enzymes formed and what
are the functions of the "early" enzymes?

{c) 1In which stage does virus nucleic acid replication
predominantly occur and why?

(d) In which stage does cell lysis occur and what is the
role of the enzyme(s) needed for cell lysis?

{e) If it were to occur, in which stage would virus
genetic recombination likely occur?

-
h
N

In which stage would the self-assembly process
predominantly occur and why?

4. Describe the role which the lambda repressor protein
plays in the lambda infection process. How do
repressor protein and the cro protein interact? How
does the S0S response of bacteria due to DNA damage by
such agents as ultraviolet rays, X-rays etc affect the
function of ¢I and cro in relation to lysogenicity?

END OF EXAMINATION

[



THE UNIVERSITY OF ZAMBIA

UNIVERSITY SUPPLEMENTARY/DEFERRED EXAMINATIONS - JANUARY 1996

BS 341 -

MICROBIOLOGY

THEQRY PAPER

TIME: THREE HOURS

ANSWER: FIVE QUESTIONS. TAKING NOT MORE THAN 3 FROM EITHER
SECTION A OR B. ANSWERS MAY BE ENHANCED BY INCLUDING
DIAGRAMS., RELEVANT TABLES AND GRAPHS. ALL QUESTIONS
CARRY EQUAL MARKS.

SECTION A: BACTERICLOG

iy

1. What was meant by spontaneous generation of microorganisms?
Discuss two experiments by Louis Pasteur which disproved the
theory of spontaneous generation of microorganisms.

2. Discuss factors you would consider in formuiating a medium
for growth of lactic acid bacteria and environmental factors
important for growth of microorganisms.

3. What should be the particular use of alcoholic, lactic and
acetic fermentation?

Illustrate your answer by giving for each process:

(a) Biochemical reactions
{b) Main product obtained
(c} Examples of involved microorganisms

Define: (a) disinfectant
(b) detergent
{c) antibiotic
{d) Narrow and broad spectrum of antibiotic
activity

R fad
.

Iliustrate your answer by giving some examples.



SECTION B: VIROLOGY
Define the terms

{a) Mean burst time
{b) Mean burst size
(c) Eclipse vericd and
{d) Latent period

Discuss poliovirus as an example of a virus infecting humans
under the two major headings

AN

(a) "Biological" properties and

(b} Development of immunity and use of named vaccines *o
protect individuals from poliomyelitis disease.

. Discuss in general, giving examples, the methods used to
detect viruses. What do you understand by the concept of
host specificity and its use in propagating viruses
in vitro.

. Two major classes of host mutants vesistant to virus
infection are known. those not absorbing virus and those
to which virus absorbs and iniects but the nucleic arcid i=
destroyved inside. Suppose yvou had a bacterial host mutant
resistant tc phage T4, how would you determine which class
it belongs to?

END OF EXAMINATICN



THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - OCTOBER/NOVEMBER 1985

BS 342 -

BIOLOGICAL SCIENCES

THEORY PAPER

IME: THREE HOURS

NSWER: ANY FIVE QUESTIONS

Fungi have recently been given a phylum of their own,
distinct from plants and animals. 1Is this decision
justifiable?

Explain your answer and support it with reasons.

Compare and contrast the structure of a hyphal apical cell
with the oldest one in the same hyphal filament.

Discuss the experimental evidence which seems to explain
the formation of the hyphal apex in fungi.

Discués as fully as possible, the three theories currently
in existence, which attempt to explain the ways in which
cytoplasm streams to the hyphal apex in fungi.

Discuss the phenomencn of growth in fungi under the £fcllowing
separate headings:

(a) methods of fungal growth assessment
(b) the lag phase

(c) the acceleration phase

(d) the exponential phase

Write short notes on three of the following topics:

(a) Carbon metabolism i@ fungi

(b) Active liberation in three named examples of fungi
(¢) Rhizomorphs

(d) Sclerotia

(e) Septal pores and their significance

[l



Microbial communities almost alwayvs exist as mixed
populations leading to various forms of interactions.

Discuss the different forms of associations of differcnt
organisms in an ecosystem. "

(a) Write in some detail on the role of some named
bacteria in the nitrification process and the
postulated steps.

(b) What is the effect of the nitrogen cycle on the
environment and agriculture practice?

END OF EXAMINATION
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UNIVERSITY EXAMINATIONS - OCTOBER/NOVEMBER 1395

B3 35¢

n

PARASITOLOGY

THEORY PAPER

THREE HOURS

ANSWER FIVE QUESTIONS. ALL QUESTIONS CARRY EQUAL MARKS.

N

t+h

Environmental sanitation is key to the control o
parasitic infections. Discuss.

Write notes on TWO of the followinag:

{a) Parasitic larval stages

(b) Pernicigous malaria

{c) “Pneumocyvstis carinii

{(d) Complicated amoebiasis

{e) Differences between African and American trypancsomiasis.
{f) Antigenic variation in parasitic infections.

Illustrate how the knowledge of the life cycle of
Piasmodium falciparum can be used to control it.

Discuss a named cestode with respect to life cycle,
transmission and laboratory diagnosis.

Schistosomiasis is endemic in Zambia. What control measures
would you recommend for a rural set up.

Describe FOUR of the following:

(a) Morphology of Enterobius vermicularis

{b) The differences between Entamceba histolvtica
and Entamoeba coli

{c) Life cycle of Trichuris trichiura or Ascaris
lumbricoides

{d) Morphological differences between plasmodium
falciparum and plasmedium malariae

(e} Stage 111 of African Trypanosomiasis symptoms



{f) Snail hosts for Schistosoma
{g) Biological control of vectors

{h) Pathogenesis of Ascaris lumbricoides

7. Discuss hookworm disease with respect to Geographical
distribution, transmission and pathogenesis.
[V
</ . . .
8. Write an essay on the types of life cycles found in

parasitic nematodes.

END OF EXAMINATION
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Boot 7

GENETICS

3
¥

THEORY PLPER

TIME: THREE HOUKS

ANSWER: THO QUESLTIONS ¥RO: SECTION A aHD ALL THE QUEST IOHS

FROM LSECTION B, Tk SECTION .o QUESTIONS L. 7RY 490
¥ THE TOT AL #MARKS, MDD THE SECTION B
CARRY £0% OF THy TOTaAL M RKS.

ANSWERS:  FOR EACH SECTION NUST BE TIoh Up SEP2RAT LY
YOUR COMPUTER NUREZER AND LETTER OF THE ulTi0OR
ARITTEN CLEARLY ON E/CH COVER SHEET.

SECTION A

1. Geographically isclated communities teand f£c become inbred

to some extenti. ﬁxplain what o{fect chis may ha.2 on t

iacidence of disease in these communities

™
.
.

What 1s meant by the term “continuous variaticen' D! Live
an examplc of a trait showing continuous variation i
humans or a2nimals and explaein how 2ts hereditary compon

might bo measured.

3. Discuss the problems of ~ooisis in polyploids and indicat

the ways in which plorts and animals have beon ndronod

nolyploidy.

4, What types of scgrogetion Zon boe obscrved In poryado’

Ui

[1lustrate how the seprov2tion €ypos arise in nne oF
of () two unlinked genes; {b) two partially iink. o
genes.  How can one mensure by totrad mnalysis oo

Tecombinntion frequoncy baotwoen two
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ent

e
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SCTION B

After mating dbefweca Normal, prey antannae faons

of genoty

*
.
EY

e fapb and twisted, zhony male flies oF
aabb, there were 39 Normal grev, 23 Hormal ebhony.
grey and 4L twisted ebony fiies.

{i) Tost the data for the goodness of fit with

cxpocted, 11121174 ratio.

{11} Partition the chi-squarc 1nto its componetid

of freedon.

(1:1i) Present results in 2 table showing initizi

degries of freedom and corresponding prabhah

vange.

{iv) Statce vour conclusiors

ia a human populztion at wquilibrium 280 people in

random sample 2r: blood proap 3, 125 blood grovw

are blood pgroup 2 2nd 15 2r¢ binod group 3., Unlca

the numboer of poonle heterozygote fer blood groun

Show 211 stins ia yeur caiculation.

Differentiate F' £yon Bir cuolls

Differcniiate botween virulent ad tomperate sany

In mice dark cont colour 15 dowminnnt over nlbino,

normtl cars aore dominant ovier shori coars.  If thes

chi-square analysis, partioned chi-squor.e woiae

are causcd by twoe independoently segrogating goeoe pirs

write the possible genotypes [or the parcats of o.ch of

the followinyg crosscs.  so the symbols D and 4 o

and albine cont-colour 211 Yes, nnd § and o for th

and short «ars respectively.
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PARENTS PROCEHY PHERNQTYPIS

Daork Hark flbine
normal  shool aormat RIS o

(2) Park asormal x dark normal 55 31 29 13
(b) Dark normal x dark chort i8 19 ] 3
{¢) Dark normal % 2ibino normal 20 O 21 1
{4y Albiop normal x albiano normal 4 e 28 5
(e} Dark short x dark sheoru 14 37 n [
{{} Dark normal ® dark moymni L5 16 O 0

{(g) Dbark normal x durk short 2% 31 9

i0. Describe brieily the =ajor types of genetic exchanps in
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12, Bricfly exnlain the m2aning of any thve. of the {oilowing:
(1) tHeterosis
{i1) Balanced polymorphisw -

{(i11) Coeificiont ol inbrecd

v

ng
{1v) KFLPs
{(v) Sickle ceil ancmia 1s a mol .cular discasu

13. #hen the common benn, Phasoelas vulgaris, truc-hreading for

white flowers were crossed with V. wvuigaris truo-Dr oding

for purple fiowors, all tho F} progony @Wore purni. . Adto

=

T
selfiing tho F& tne ¥, segregated inte ho folluwing
phenotypes:

sgunTe D P

Family Purple flowors Wiaite iloweys Totnl  Chi
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ok ot
"

-

»

N

%}
e
-
e
3
~i

Total:
Pooled:

Heterogeneity:

£i11 in the table and stoate whoethey or not the results ol the domilics

arc homogonuous, and whethor or uot the nooled rosults nowve o pood

it with an crpected 3:1 ravio.



iz, Tabbiis the autosoma. gene 5 For short hoir

dominunt tc ifs recessive s {far lgone hair., Assumiy
— <3

that in the pedigree 11-2 and 11-¢ are S/s,
the probabiliiy tiaat zay offspring of 2 matin: Letwesn
111-1 and 1313i-2 will nmave {3i) long hair, (ii1) shorg
hair? You may consider 411 possible alternativ:

genotynes wherever you think ¢nis anpropriate.
B % Pt

W
SIS S
Tooig wuie boag hal

END GF EXAMINATION
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THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - OCTOBER/NOVEMBER 1995

BS 455

WILDLIFE ECCOLOGY

PAPER I

THREE HOURS

ANSWER: FIVE QUESTIONS. ILLUSTRATE YOUR ANSWERS WHERE

NECESSARY. ALL QUESTIONS CARRY EQUAL MARKS.

Describe the main characteristics of a wildlife habitat,
and relate these to the concept of carrying capacity.

Discuss the main differences between the social groups of

Wild Dogs (Lycaon pictus) and Baboons (Papio
ursinus).

Define a territory and then explain how this concept is
applied in Kafue lechwe (Kobus leche katuensis).

In the given list of wildlife species, select any two (2)
and describe:

(i) Field impression (external features)
(ii) Habitat and distribution in Zambia
(iii) Habits (behaviour)

(iv) Economic value and conservation status

Animal species

Laughing Hyaena (Crocuta crocuta)

Cane Rate (Thryonomvs swinderianus)

Sitatunga (Tragelaphus spekei)

Nile Crocodile (Crocodvlus niloticus)

Briefly explain how a wildlife species would portion its
food energy in digestion and metabolism, and give examples
of factors that are involved in energy budgeting.

Define thermolysis in the vertebrate species, and describe
thermal energy excharge between a browsing animal and its
environment in the semi-arid woodland savanna.



7. Describe the significance of chemical communicatiocn i-
wildlife species. Give sources and pathways of pheromones
and indicate their mode of transmission.

3. What are the major limitations of the concept of sustainable
vield, and discuss this in relation to wildlife harvesting.

END OF EXAMINATION



E oF ZAMBIA
UNIVERSITY EXAMINATIONS - CCTORER/NOVEMBER I
3S 455
WILDLIFE ECGLOGY
ME: THREE HOUERS
SWER:
VE QUESTIONS. QUESTION ONE . ANSWER
ESTION ONE AMND PCUR (43 OTHER ATE YOUR
SKWER WHERE NECESSARY. QUESTI IES 30 MARKS
HER QUESTIONS CARRY 20 WRR""
You are reguired toc use the d to answey f[na
gquestion. Read +h€ descrip map carefullvw
is assumed that you have

of the area.
guestions:

and from

this

an ecologic

the folilow:

(1) From vour resu byiefly
and B.
{ii) Rccording to vour results. the following animal
species show distinct hahitat preferences
Zebra {Zguus burchelli)}
Wattled Crane {(Grus carunculatus)
Oribi (Ourebia ourebi)
Kafue Lechwe {Kcbhuz leche kafuensis)
Rank habitat seleciion by listing them aC“O}u‘Dq
to the orde:r of vreference for each
give reasons.
Describe the general in bovids, and discus:s
the importance of o studving wildlite
species.
List and discuss four that vou would use =n
determining pky51“dl an antelope. Indioay
their limitations



Briefly describe one coms

(1) Sex in bir
{ii) Age in an

Give reasons why
n Zambia.
been adopted az the

W

of wildlife. Discuss.

State the main advant:
_i 1

and then compare
difficulties

4

to determine;
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Vegetation ftvpes:

A: Termitaria grassland
R: Munga woodland

¢ Chipva wocdland

D: Miombe woodland

E: Hyparrhenia grassland
P Swamnp

The area is leocated in
Zambia. LAkverage annuai

Frovince of

The lake is fresh water, The river
perennial with riparian ly Diopvros =i
and Svzyvgium sp. The H Ly

There i3 only one r s
main activity is fis ie

vegetation tyvpe E.

on becauss
n asked o

The area is being considered for proiect
importance to conservation. )
out an ecolecgical study of itne
information answer guestion

s




P
—
T
N

L% '
) p{\\__r‘:\\«
ket P

i ety

'y

| T '
e b, AA (~ RS



1

: . !
i [ i
1 L . i
i g i
i o) o :
. f - .
) et e i
i e [oN s §
! i

!




THE UNIVERSTTY OF ZAMBIA
DEFERRED UNTVERSITY EXAMINATTONS - FEBRUARY 1995
BZ210
BIOLOGY OF CELLS AND SYSTEMS
THEORY PAPER T

TIME: THREFE HOURS

ANSWER: FIVE QUESTIONS, AT LEAST TWO TO BE CHOSEN FROM EACH
SECTION AND THE FIFTH FROM EITHER SECTION

SECTION A

CELL MOLECULAR BIOLOGY

1. Give reasons why all physiological processes take place in
water.
2. Proteins are the only macromolecules with enongh specificity

to carry out key cellular functions. Discuss.

3. At a molecular level, ~xplain the effect of temperature, pli,
and reactan! concentration on an enzyme catalvsed reaction. N
1. Write short notes on the following:

(a) the "anatomy" of an enzyme
. . J
(b) pheozpholipids

(o) the electron transvort chain

(d) the fluid me=aic model of the cel]l memheans .



|

SECTION B

PLANT PHYSIOLOGY

Plant hormones are involved in the phyvsiological regulation
of root development. Discuss.

Describe the role of micronutrient elements in plants.

Give an outline of the mechanisms involved in the phenomenon
of root pressure in higher plants.

Explain the role played by products of the light reaction
in the C3 photosynthetic pathway.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA

UNIVERSITY DEFERRED EXAMINATIONS - JANUARY 1995

BZ 210

BIOLOGY OF CELLS AND SYSTEMS

THEORY PAPER I1I

TIME: THREE HOURS
ANSWER:
FIVE QUESTIONS: TWO QUESTIONS FROM EACH SECTION AND THE LAST

QUESTION FROM EITHER SECTION. ALL QUESTIONS CARRY EQUAL MARKS.
USE SEPARATE ANSWER BOOKS FOR EACH QUESTION.

SECTION A

GENETICS

1. Explain mechanisms that generate genetic variability in
sexually reproducing organisms during meiosis.

2. Write short notes on four of the following:

Pre-determination of offspring phenotypes.
. Organelle DNA.

Operon system.

Hardy-Weinberg law.

Directional selection.

-

o Q0T

-

3. Distinguish between the following:

a. Inversion and reciprocal translocation chromosomal
aberrations.
b. Transcription and translation.

4. A survey was conducted in the Kalingalinga area of Lusaka to
determine the previlence of the sickle cell disease. One out
of five hundred children were found to be born with the
sickle cell disease in the population. Calculate,

a. the frequency of the sickle cell gene in the Kalingalinga
population.

b. the frequency of the heterozygotes for the gene and,

c. the probability of a Kalingalinga couple bearing a child
with the sickle cell disease.



SECTION B

ANTMAL PHYSIOLOGY

9. What problems do freshwater fishes, marine fishes and
terrestrial vertebrates face in mainatining Proper osmotic
concentrations of their extracellular fluids? How are these
overcome?

6. Explain why respiration, temperature regulation and water
balance in terrestrial animals are closely interrelated. Give
examples.

7. The dissociation curve of haemoglobin is S-shaped or sigmoid.
Explain the significance of this shape of the curve in
relation to the activities of the molecules in the body.

8. What are extra-emblyonic membranes, what are their functions
and when do they develop in an organism.

END OF EXAMINATION
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PLANT AND ANTMAL BTOLOGY
THIEORY PADPER
TIME: THRFI HOURS

ANSWER: FIVE guestionz, =t least ONF froan each =ection.
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9.

10.

11.

A typical land snail and an octopus are placed in the same
phylum Mollusca, although the two organisms look very
different from each other. Compare and contrast structures

of these two organisms and show the basis for placing them in
the same taxonomic unit.

SECTION D
VERTEBRATES

Why are reptiles better adapted to terrestrial life than
amphibians?

Give the structural and functional characteristics which
the birds share with:

(i) reptiles

(ii) mammals

Define and give examples on any four of the following:

Neoteny
Paedogenesis
Heterodont
Metamorphosis
Parthenogenesis
Mesoderm

Hh D0 TP
— et S S o e

END OF EXAMTNATION
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umoer (L, NA} = b.02 x i@“ per Pole
ight in vacuum {c) = 3.0 x 10" m.sec

i

=~
b=~ I

=

g.3514 J.K . mo1t

i

= 0.082 dm’.atm. K . mol™

-4

= b.b3 x 10 J.sec
= Y96 500 C.mod *

(R} = 109 678 cm™

at stp = 272.414 dm".mo_l.1

Joom
Y
il
=
=
I
o

. Y B
FPa = 101 325 N.m® = 760 mmHg = 760 torr

H o= 1,01 (O = lELud No= 1400t BO = 16.00

F o= 19.006 e = ZUL 1o S Na = Z23.01 Mg = Z4.31
: i ¥

AL = 2700 BF = 81.00 S = 82.06 pCL = 35,45
(K = 89,40 L8 = 40,08 ,Ti = 48.00 4CY = 52,00
LMo = 550,00 = 55.85 ,ST = 87,60 g1 = 127.00
ﬁCS = 133,00
STANDARD REDUCTION POTENTIALS (B} AT 25'C

2h' {aqy + ze  ~  H.(g) ( SHE) B = 0.000v
Cu”{aq} + Ze - Cuis) E' = 4+ 0.34v

Al tagy + 3e = Aalis) E' = - 1.66v
Zulag) o+ e - Zn(s) E = - 0.7bv

Rg laq) + 2¢ -~  Hgii) = + 0.85v

2o {OHY, + Ze -  Zn o+ 200 B = - 1.4b5v

HO  +  Hgd + Ze -~ Hg + ZOH E° = 4+ 0.10v
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THE UNIVERSITY OF 7AMBIA

UNIVERSITY EXAMINATIONS - OCTOBER/NOVEMBER 1985

TIME:

Cc22

ANALYTICAL/INORGANIC/PHYSICAL CHEMISTRY

THREE HCURS

SECTION A: ANALYTICAL CHEMISTRY

ANSWER:

ANY TwWO QUESTIONS FROM THIS SECTION

1. {a)

(b}
(c)
(d)

Mean

Distinguish between the following furms of the student
t-test

(1) t test when an accepted value is known
{11) Paired t test
(i11) t test with muluiple sauwples

What is a § test and what is it used for?
#hat is an F test and what is it used for?

You are developing a new colorimetric method for
determining the glucose content of a blood sample.

You have chosen the standard Folin-#®u method with

which to compare your results. From the tollowing two
sets of replicate analvses on the same sampic, detcrmine

whether the variance of your method differs significantlv

from that of the standard method.

Your dMethod, me/L Fnlin-¥u Method, mpg/L
7 2 e 2 & -

127 130
125 iz8
123 131
139 129
131 127
126 125
129

(x) = 127 Mean {x,) = 128
The tabulated ¥ value for v, = 6 and V,= S is 4.95%5

The tabulated F value for vy =7 and v,= 6 1s 4.21



2. (a)

(b)

{c)

(b)

(c)

&‘71
;..:

Explain or def the foliowing:
<

-~
'-ln

Gravimetric facror,

~
[
[ p

Fracipita~ion from homogeneous solutica {2FHS),

and Diverse Ion effects

[
)s“
LY W ™ e
Qo
8
o1}
—
O
3
soed
wl
o]

o~

iv 50lubiiity product (K ).
’ 5P
(v} Occlusion, surece adsorption ana o3t precipitation,
{vi) Coprecipiration in the broad and T:s:iricted senses.

Ten milliliters of Q.20 M AgN O 1s added o 10mL of

0.10 M NafCl. C(Calcuisate the concentration ¢ o

remaining in solution at cgquilibrium and the solubiiity
of the #agll.

K. for AgCl = 1.9 x 107
sp ‘

What is the solubility of Pb50,, 1n g/L, i7 vhe

solubility product is 1.6 x 10°°

Molecular Mass of PhSH = 392,26

hid

"]

Explain the foilowiag ternm

{i) Strong eleciroivie 2nd n weak eleciroiytie
{(i1) Br¢gnsted ncid - Hasae theory
(111) Conjugnte acid and conjugnte basc
(iv) Jewis ncid-base theory
(v) pH of a ssiutinn as dofined by Sgrenso..
{(vi) Buff

ey soiution

Calculate the pil of 2 buffor solution precared hy
adding 10 mlL of 0.10 ¥ acevic 2cid to 20 wi of .10 #

PERY: «

sodium ac=2tito.

Ku for acetic 2cid = 1.7% ¢ i@

A buffer sciution 1s .20 M in scetic acid nd sodium
acetate. Calcelate the chonge in pH upon dding 1.0 ml
of 8.10 M hvydvochloric acid te 10 mi of this bufrier

solution,

Ka for acetic ncid = .75 » 107



SECTION B: INORGANIU CHEMISTRY

INSTRUCTIONS: ANSWEER ANY T#O QUESTIONS

1. (a) Sodium thiosul{ate is wideily used in laberatory and in
jndustry. Give one example of its application nid state
the reactions invelved fnr zach sector. How is sodium

thiosulfate prepared in laboratory?

{(b) The visiblc colour of complexes is mainly duc ‘o the
I

d-4 transition., Explaio., why copper (I) complexes are
[
LY

colourless, but copper {(11) complexes are colourcd?

2. (a) MName the foilowing complexes.

(1) {Cr (N0, Ci, 11 Or (ON), S0,)

(ii) K[(CO) Fe-OH-Fe (£0),]

(b) Calculate zero point onerpy of an electron trapped in

a box of length, 2 nznometer {(nm).

3, (a) Determine the hybridisuatior state of the ceatral atom,
(phosphorous}in Pl wmolecule. Mention tho angles
involved.

s 3.68 x 100 J. If

i5

b) The work functien of potassium 1
2
just one photon of ultraviolet light of frequency 10

Hz strikes the surface of sodium, what would be the
maximum energy of an ejected clectron? Also colculate

the speed of the ejected eclectron.

USEFUL INFORMATIONS AND PHYSICAL CONSTANTS

Atomic numbers

g & - g - . P - .
5 canastant = L0032 10 L e,



SECTION (C: PHYRISA!
ANSWER ANY W0 QU

USEFUL INFOR
R = 8.314
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(d}

o {ﬂ)

(b}

Define two complex reactisns you know and

ample trezctment »f theilr Xiretics.

Show graphically hew the molar

cencentrati oY O wenk

explain the differences ~bserved

. . : -3
The resistance of o 2.91 m-1 dn asn

in 1
-1

messuren
3.367 (a

acetic ncid

cell

(1}

WAS

constant is B Th

Find the value

salution,

Given that -

ey
i
ol 1
!
]
~+

iniinite dilution

conductivities of H+ snd CH 00607 are 30

«
-1 - .o i
46.9 @ 3% moa respectiveliy calcul-

degree aCint

4
o

0, a, equilibrium

<t diss
f

¥a, «nd pka for the nacid.

conductivity (o

~f molor conductivity of

the moia-

Cont

drpends on

[4x)
o]
-

found £ ho 2720 Ohm,

ni

)

Y oH andg
T the

g,

BND OF EXAMINATION



DEFERRED UNIVERSITY FYAMINATIOMS - JAMYARY =~ 09

THE UNTIVERSITY 9F ZAMITA

[y

240

TIME: THREE (3) HOURS

INSTRUCTIONS:

This examination has three Sections., These

are Section A: 9rganic Chemistry, Section 3:
Organic Chemistry and Section C: Riochemistry
Attempt to spoend one hour answering questions

from each Section,



ANSHER

ANY

9

(V3]



1. Give the names and structures of the stercoproducts of
the following reactions:

. Cél‘"/‘ OTs
(v e s NaOEE
’“CW/L At o 7
+ < _
N (CH=z3 ) T
() 3)z s

CHs ™ CTTR Cets
H/ -
Ay
('H) ) /“{ - / KI

= s 7’JYOfJQ ol
/ ‘3 CH 3
+

5 H
(vy H3Cs va—z - KGCH
/ ‘ >
4, H2O
C CH3
sHg
2(a) Give the products and gencral mechanism of the foliowing
reactions
() e en,cH=Cch, . PaMe 7 BGfop )

)/ \ ;,_Hg P E,;QL@ 2
N ,

CH



{Contd!)
Al indicate wnoctnor cacn of t1o follow ina statoments

~

refers to S 2, 311’ both v2action mechanisms or
oo '
none of them.
(i} reaction is Uninolecular and tvnically is first
ovrdar,

(ii) the reaction is guite sansitive to storic
hindrance,

{(iii) the reaction is greatly acceleratad by polar
solvents.,

{iv) rearvangzmnents are froquoents

) the reaction is Simolecular and typically shows
second-ordo~ “inatics,
{vi) inversion of configuvation occurs at the carbon

substituted.

(vii) raccemization is typical, but other storcochemical
phenomena are somotimnes observed {¢.g. partial
Inversion of cenfiauration as woell as possibility
of retention of configuration.)

(viii) +the rcaction is insensitive to steric hindrance,
except in very special cases,

Fix} the reaction is rather insansitive to theo
polarity of the solvent (unless cnarges are
formed or destroged in asproaching the
transition stats),



3.

Provide a comprehensive zsxnlanation as to why Lrans-2-
buten2 gives only meso-?,3-Dibromobutance upon
reactions with 8r,?
i
H . \
\\\ - ) (: l,—‘l 7 P
(" e j R ! 4 T (, \
Jy =) S CH3
///v B > H C \ l/ -
’4/’( .3’ ,C: /"' / ‘{
l/{ l.(— \ /A{ !E) _y&.

e s — 2,3~ dibromo—

Luteaye -



THSTRUCTIONS

1. AMSWER ANY TWO QUESTIONS

2, TIAE ALLOWED FOR THIS SCZITION I35 ONT (01) HOUR

{2} Provide a mochapistic explanation for formation of the
obsarved products in the following rcaction.

GH . B

H

4 /*
/E“m (i1} "queous wnalH A
[ llmeonsgam A \(
~ then (ii) dilute H3r . ‘&

z OH

~

(b} One (1) mele of a compound A reactod with throe (3)
moles of periodic acid, HIO,, to givo tuo (2) noles
of wethanoic acid and two {?) moles formaldehvde.

o7
On this basis suggest the most likaly stiructure for A,

(c) Attemptoed preparation of

T from 2 using Williamson
2ther synthesis uncxpcc‘ d

{'
y gave a compound 0, C - H. . O
t = =510

K
in good yield. nat is D7
3y Ny M, o NN

B

jo

2ropose a veaction mechanism to explain the formation
of the wnanticipatod product D from 3.

2¢a) tsters can be condensod with avomatic aldeaydes in
nresence of alkoxides., For examnle, panzaldenyda,
CchCHO, reacts with othyl acctate in presence of

sodium cthoxids to give ethy! cinnamato
e e

-3
uGHSCHaCHCOQ~C¢ Show all stoos in fhe most likoly
A —

]
machanism of this yoaction,

Pl



<
-2

2{bj; 2vopose a stoepwise synithesis for two of the following
compounds from indicated stavting matorials and any
otacr reagonts. Reaction mechanisms ave not required.

(1) CH?=CH COOH  from CH, =CHCH,OH

2 2
(ii) 4
Trom butanai -
By
(iii) OH
iH fraom Cyclongxanonae «
o]

3(a} Suggest a reaction mechanism to explain the following
reaction.
O
/M\/ NQOH,HZOA‘ ,
/\\Tf/ B > )

e loo ¢ .

3(b; (i) Deduce the structure of a biologicaily active
compound X from the following synthesis. Give
the structures of intermadiates ? to UJ -

i

C\\ $001 ., P !CH3)2CuLi 49
OH —- = > > -
n-hexane
P (i) LDA, THF ~ R Tollen's Reagent, G
& Y Ny e - S S
(ii) Hg-Ci

‘ P?"S'I‘Z H [od -
————> T ——> I E&xcess il =

[@OTE'THAT THF = C’} .J

(ii) Write a mechanism of tho reaction inveolvaed in
the formationn of T vemn <0 .
&

N
|



1. ta> The AG' of hydrolysis of scetyiphosphate to scelate

o C

and nhosphoric acid is —10kcai/mal (oM 7.0 and that of ATP to

ADP ang Pi oism —7. 3kcal/mol (pH 7.05.

Wnat iz the AG’ and ¥er of the fo:iowing reaction av pH 7.0
(bamp., 25207

Ao+ ADP wEm== CHCOCH + AT

e

- i-phospnate

(riwan thst A"F‘ = ~-1800cals/mol ang R = }.8878cal/ /mol/ /YK,

(1) Dees tha reaction proceed as written, if so , whal are the

final concantrations ot G-1-F znag G-H—F  assuming you arteaed

with O, 1#¥ G-6-P7Y

(1i) What cellular conditions woilid allow continuous

produciion oif Goi-Ph



iclentide,

() If an & Celi ceil is a ended oyl 27
1. 00um and lengina . ODun
the volumse of ithe ceil Lf this cell

(i) wWhat is IR ST
— nE DB . 1O

e

one CnromosoOma

‘
=
y
£
o
%
el
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TRUCTIONS :

S EXAMINATION HAS TWO SECTIONS. THESE ARE SECTION A:
ANIC CHEMISTRY, AND SECTICN B BIOCCHEMISTRY.

EMPT TO SPEND TWO HOURS ANSWERING QUESTIONS FROM

TION A AND ONE HOUR ANSWERING QUESTIONS FROM SECTION B.
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SECTION A: ORGANIC CHEMISTRY

TIME: 2 HOURS

ANSWER ANY 4 OUT OF 6 QUESTIONS

1. (a) Give the systematic I.U.P.A.C names for each of the

following compounds

x(j.) BrCHz CH 2’:!'}2 OH

(ii) (C,H J ,NCH ,CH, CH ,CHO

(iii) ‘o __t—cH,

{b) Graw the structural formulae for each of the

following compounds

(i) 3mHeptenm5«ny~2—one/ﬁ

(ii) 1,2--Dicarbomethoxy cyclopentane
(iii) 4-Oxo-Z2-pentenoic acid

(c) What is the relationship between the following

pairs of compounds

(1) CH, C1
and B ,p{l eemaCH3
H
(ii) CH,4 ci
HisrC ~mnil By and H220—-C <= CH
| |
Hewoa C o~ wautCl Humsee C ==,CH3g
CH 4 Br

; /3..000.c



(1ii) cCil -~ H H Cl
/ N\ !
N 1
31 c1 ci1 > H
{iv) Using the R,S-nomenclature; give the full

I.U.P.A.C name for the compounds in {ii) above.

{d} Write structural fomulae for alil stereoisomers of
1,3-dichloro-2,4--dimethyvl cyclobutane and indicate which

ones are optically inactive.
£a) For each of the following pairs of reactions, predict
which one is fastexr and give your reasons.

(1) (aj  CH,=CHCH,Br + CN DMSC Cli,= CH CICN

(b} CH4CH = CHBr + CN D#SCG_ CH,CH =CHCN

s \ H,0
(ii) (a) CH ,CH, —-0-(}:}1(:113 _? ., CHyCH 2:0_—_?11 CH 4

Ci o OH

H,0 |
(b}  C#;CH,~O-CH,CH,Cl_ 2 _ CH CH,-0-CH, CH,O0H

CCEL DR -
(1i)®  tay  w, ¢ {om) ,CuCH,Br “.° ., {CH,,CHCH,N;+ Br
- ) C, B OH -

Note: pka {HN;) = pka (CgH SI)

(iv) (a)  {CH3) £Br + H,0 ,.(CHy )y COH '+ HBr

(b}  {CH,);CBr + CH,OH _ ~ {CH,); COH + uBr

{(v) (a)/? ‘%FCHZBr 4+ NaOH lag}. ... .- <i Qi;cﬂ;pﬂ

N/

(b) <—\/~CHzBr ¥ NaOH (aq) ___ - CH,0H
7

/4....
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(b) The following Nuclecophilic substitution reactions were
carried out in polar aprotic solvent.
Draw the transition state for each reaction and state

the effect of the sclilvent on the rates of the reaction.

. .
(i} SNZ Nu + R-X7 %,_-/__.m_,“_v,_?,. R-Nu + X
(ii) syt R-X____. R +x
{iii) SNZ NU 4+ RX .. R-NU + X
(c) Provide a brief explanation as to wh
Yy
{1} CH3CH=CH CH,Cl vyields the same product as
CH3CH CH=CH, with «atueous NaCH in Syl reaction
cl
mechanism.
{ii) i’/\\ﬁbcl is very unreactive towards nucleophiles

in SN2 reaction mechanism.

- ) \\,,
(a) The dehalogeanation of meso~2;3~dibrfmobutapé with
potassium iodide in ethanol yields only trans—2--butene.

The reaction foliows the following kinetic expression:
Rate = K [I ] [dihalide]

(i} is this a trans or anti elimination?
(ii) on whalt do you b2se your answer?
{iii}) provide a mechanism for the reaction and give

the structure for the transition state.

{b) Provide a reasconable moechanisa for the reaction given
below and give other produocts that you would expect

from this reacticn.

///\\5“ Br, H,0, NaCl s 4gpr
) e
] O
Ty el

ot..2r products

/5.0,
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(a) (i) Identify structures for compounds A to D

CH, 0
1 b k, CO4

CH3 CHCHO + H C 1 e A {C 78 _0

{ HCN
, | 30" ) o
C (Cﬁleok) e B CGH‘HLOZ)
-HzO

{
7
D (CgH), O3)

(ii) Give the mechanism for the formation of

compound A.

(b) Triphenylphosphine can be used to convert expoxides
to alkenes as show Dbelow.
. . : _ PR .
C.H LH— CHCH g (C6 2%5)3 Pr . Cgly CH CHCH3+‘(C ¢Hg I3 PO

Propose a likely mechanism for this reaction.

{c) Provide a mechanism for the reaction shown below.
Chiy  CHy CHjy
ki , H+ {
CH 34(}: e O CH3 2 CH{-C-CHj
! : ji
CH oH 0 (iiﬂ 3

[6eocuna



(a)

(b)

{a)

(1)

(ii)

- 6
Starting with ethanoli 2s the only available

organic compound, show how you would make

(a} Formaldehyde {(Methanal)

{b) 2 - Butenal

Show how you would make tre following
conversicons using the compounds indicated and

any necessary inorganic reagents.

e,

y OCH 3
\\./' / \..//

Give products and their I.U.P.A.C names resulting

from the reaction of I-methyvicyclohexene with.

(i)
{ii)
(1ii)
{iv)

(v)

mercuric acetate and then basic sodium borohydride

Diborane and then basic hydrogen peroxide
Ozone followed by acidic hydrogen peroxide
Osmliwm tetraoxide and then acidic work-up

m= chloroperbenzoic acid.

By means of simple chemical tests, explain how you

would distinguish between the following pairs of

compouinds.

(1)

{ii}

{(iii)

CgH CHO  and  CgH _COCH,CH,

CH,CH {OH) CH {H,CH, and CH,CH,CH (OH) CH,CH ,

CH3
CHy - ? — OH and  CH4CH ,CH,CH,0H
CH,

77



(b)

A €240 student was given an unknown compound

E. C4H ,,, on which he carried out the following
reactions. He confirmed that compound E
decolourised both bromine and potassium
permanganate solutions. ©On reaction of E

with sulphuric acid followed by hot water he
obtained only one compound ¥, CegH ;- 0, which
readily reacted with hydrochloric acid to give

G; QSﬁlzCl' Compound G, ~n react’on with magnesium
turnings in <dry ether, followed sy addition of
ethanal {scetaidehvds! and then woter gave him an
alcohol H, CBHAGO‘ On dehydration of H with
concentrated sulphuric acid, he obtained the
saytzeff product, i, which on ozonolysis

followed by oxidative work-up gave him

cyclchexanone and ethanoic acid {(acetic acid).

{1} Summarise the above reaction sequences in

a diagramatic Fform

{ii) What are the structures of compounds E to I7
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@R7. (a) How does the rate of a reaction by an enzyme vary with

{i) temperature

(iir woH
(iii) susirate concentration, and

-~
i

iv) enzyme concentration.

() wWhat are
(1) coenzymes
(iiy apoenzynes
(iii) hoioenzymes

(iv) prosthetic factorsT

() Why are enzymnes sala to nave the proparties of a
catalyst?
(d) Explain the meaning of the folliowing terme when used
to describe an enzyme catalysed rzactiom
(1) denaturation
(ii) desctivaition
(iii) turnover number
)

(iv) ES,

END OF EXAM. ... .. ..
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Time: THREE hours

SFCTION A

Answer ALiL Questions in this section

Ql. What is the effect of each of the following treatments on

the oxygen affinity of HbA in viiro?

a) increase in pH from 7.2 to 7.4

b} increase in pCO; from 10 f{o 40torr.

¢} increase in [HPCI from 2 x 1U7° Lo 8 x 107°M

d) Dissociation of oa8: intc subunits.

Q2. After a preincubation with p-chloromsrcuribenzoate, the

binding of an enzyme with substiraie was no different from that
of untreated enzym2, but the catelytic activity of the treated
enzyme was found toc be 40% less. What conclus:ion can be drawn

from this typne of ohservaizion?

Q3. A polypeptide that binds strongly to a column packed with
a strong cation—excuange resin at pH 3.5 can be washed off the
column by pessing a hbuffer of pd 8 through the column. Explain

why.



.mz_,.

Q4. tonsider the tollowing structure and note which of the
foliowing statements are true and which are false.
N,
}_._.i,.__ C ;.%2‘ —_ — (00 g
L
[_\/'\,-‘} 4 £+

&) it ie an aromatic amino acia.
by Tt is a phenol

c) 1t contains 2 assymmetric C aloms.

|+
o’

it s a derivative ot phe.

@) The siructure represents the compound trpiophan.

@5. Which of the following characteristic are associated with
wyoglobin(Ms, haemogiooin(H), both of inem3) or neither of

them(N)

a) majority ot stuciure in o—heiical conforipation.
D) oxygen carrier.

cJ) carpon dioxide carrier.

d) not an aliosteric gioteln

e) heme group(s) in polar crevice.

f) protoporpnrin 1X.

g’ sigmoidal oxygen dissociation curve.

h) tertiary sirucilure.

i) qguarternary structure.

i) blocked N—ternminal residue.



WU. (i) What does e penions2 phosphate pathway produce in the

Ceg L

(ii) #=xpiain How this pathway controllied?

L I I e I T T T S . T T S

SECTION I

Answer any

Quaestions in this saction

(Ali questions in this section carry ecgual marks)

- Sy ey . - . ; /
Q7. i) Given the {o!lowing poiypept:irde;

HaNT-givophe—asp-lysoir prpro-met-ats-sercvai—tnr-arg-ogly-aia—

lys—ijie-his-met-ian—arg-CO0~

wWhicn amino acid(s) can be identities by treating the

polypeptide with eachH of the iollowing;

a) 2,4-dinitrofluorcbenzene

L) carboxypeptidaze A

T

C) dansylcnioride

(112 What is the orobable sequence of the peptide given ithe

toliowing information avout it,
amino acid composition;

(ala, teu, arg, met, she, Lthr, 2vai)



treatment of the pentide with

NP-ala

. Sanger’'s reagent yieglds
4
. trypsin two fragments (aia, arg, thr) and (lteu, met, phe, 2val)

which when treated with Sanger's reagent yields DNP-ala and -

val, respectively.

. CNBr ; two fragments (ala, arg, homoserine lactone, thr, 2val)
and (leu, phe? wnlich wnen treated with Senger's reagent yields

DNP-ala and —ieu, respectively.

Show your reasoning very Ciear:y.

ned {rom the treatment of a protein

s

(ii) A polypepiide odta
with trypsin was shown to contain lew, asp, lys, ser, and tyr.
For the determinatiop of the amino acid sequence, the peptide
was cycled through the Edman degradetion procedure thnree

times. The compousition of the peptide after each cycie was as

Yol ows;

after cycle 1i; lys, 4asp, ser, leu.

afte

“$

cycie Z; 1lys, ser, asp.
after cycie 3 lys, ser.

Showing your reasoning clearly, deterwmine the sequencs of the

nentapsoptice,



e

Q8. a) What do you understand by the term Bohr effect?

-

b)Y (i) Explain in molecuiar terms the allosteric

behaviour of Hb.

C

Yle

i) Why is Mb not capable of exhibiting allosterism?

<) Give TWO reasons why the protein is necessary in the
binding of the ouxygen to the heme group in myoglobin, Provide

experimental evidence to support your answer.

Q4. The scuilibrium constant K for thae pinding of oxygen Lo
3

myogiaohin ig i10%M™', where K is defined a8s

K = [MbOzl/iMbIiL0OL]

The rate constant foy tihwe combination of oxygen with myoglebin

is 2 x 107 MY G,

.

a) What is the rate constant for the dissociation of uxygen

.o

from oxvmyoglobin?

) What is the mean duration of the oxymyogiobin complex?

Q9. (a) The active site takes up a relatively small partl of
the totai volume of an enzyme. Why is it necessary foc the

enzyme to have many amino acid residues that donot take pard

O

directiy in catalysis?




- R

(h) The hydrolysis of pyrophosphate to yieid

orthophosphate is importani in driving forward biosynthetic
; P H

Jumte
0

reactions such as the synthesis of UNA. This bydrolytd

n,

i o
reaction is caiaiysed in £ coli by a pyrophospnatase that has

a mass of 120ka and consists of six identical subunits. Yor

this enzyme, a unit of activiiy is detined as the amcunt of
enzyme that hydrolyses 10 umoies of pyropnosphate in 15
minutes at 37°C under standard assay conditions. The purified
enzyme has a Vmax of 2800units per milligram of enzymea.

{a) How many moles of substrate are hydrolysed per second per

millipgram of enzyme when the substrate concn is much greater

than £m?

T

{

(b) How many moles ot acvitive site are ih

3ad
!

Assume that each subunit nhas one active site.
‘

(c) What is the turnover number of this enzyme?

PR

QIC. (i) Outiine the reactions of the TCA cycie giving the

structures of the compounds used ang ithe products made as well

as the enzymes and the ceofactors involved.

~

(ii) What are the main controi points in the TCA cycle

and now are they contvroliea?
(ii1) Wwhy mre there so many conirol points in TCA cycle?

(iv)Expilain thie apparent absence of oxygen in the TCA

cycle even though the process is said to be asrobic.

. -

e in 1omg of enzyme?



Ql1. (i) Consider the hypothetical reaction od 7, 25°C, 1
k4 y ? ’

atm)

g
1]
1t
i1
i

o

34+ C

The initial conco of A is O.2M; at eguilibrium only 1% of A

remalins.
calcuiate
a) the Keaq and

b) the change in free energy for the synthesis ct A from B and
C.
¢) what is the change in free energy for the synthesis of A
from B8 and, C7?

(ii) AG's for the hydrolysis of ATP ia —7.3 kcal/mole and
that of phosphocreatine is —10.3kcai/mole, what is the AG's

for pnosphocreatine production from ATP and Creatine?

(iii) In the cell the enzyme {(a dehydrogenase) that

catalyses the reduction of DHAP to glyceroli-i-phosphate

0
$d
=

utilizes NADH as the snuvroce of reacucing powsar. The NADH is

Lurn oxidized to MADT., ThHe comgleate reaction is

H

DHAP + MNADH + HY —————— Glycerol-1-phosphate + NAD™

Given that the AG', for the oxidation of NADH Lo NAD™ is

—14, 8kci/mol and that for the reaction
DHAP + 2Hs ——-——— Glycerol-l-phosphate is +86.8Kcal/mol.

Calculaie the AG's for the formation of glycerol phosphate

from DHAP using NADH as a raeducing power.

END OF EXAM.... S
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TIME: THREE HOURS
ANSWER: ANY FCUR QUESTIONS

Qi. (a) Convert the following frequencies to wavelengths in
nanomcters. Indicate the spectral region within which

the wavelength falls.
(i) 4.283 x 10" s © (ii) 1.333 x 10'° s-1

(b) Convert the following wavelengths to frequencies in

hertz (waves/s)

(1) 536 nm (ii) 14.3 um

(c) A 25.00 ppm KMnO, solution had an absorbance of

0.674 at 515 nm in 2 5.00 cm cell.

Calculate the molar zbsorptivity of KMnO4 at this
wavelength. What would be the molar absorptivity in ©
1.00 cm cell? [KMnO, = 158.03]

(d) A 25.0 ml aliquot of Kafue River water was treated wiis
2 mild reducing a2gent and then excess 2,9-dimethyl-1,il-
phenanthroline. This reagent reacts with copper but not
iron (1I). After diluting to 50.0 ml, the solution had
an absorbance of 0.388 at 455 nm. From the calibration
curve, this absorbance corresponded to a concentration
of 3.1 ppm Cu.

Calculate the copper concentration, in parts per million

in the original sample. If the density of the water sample
is 1.00 g/ml, caiculate the percent Copper in the water.
[Ca = 63.546] ;

2/...



: 2 =

(e)d/ The ultraviolet spectra of o~ and p-cresal overlap
extensively. A 5.0 ml sample containing the two compounds
wos dissolved and diluted i6 50.0 ml with iscoctane.
This solution had absorbances of 0.716 at 264 nm and
0.318 at 272nm . A solution of 4.63 x 10" M oc-cresal
absorbances of 0.730 at 7264am 2nd 0.178 at 277 ma .

A sclution of the para iscmer of the same concentraticu
had 2bsorbances of 0.548 at 264nm and 0.433 =t 272 nm

If a1l measurements were made irn 1l-cm cells, caliculate

B
[ &

the molar concentration of each isomer in the scmple.

QZL (a) Explain principle c¢f atomic abscrption spectroscopy.

(b) What are the differences between flame emission
spectruscopy and AAS.

(c) The ircn content of a municipal water supply was
determined by an atomic absorption procedure. The
absorbance of the water, after a five-fold diluticn, was
0.646 at 248.3nm. A standard sclution, prepared Dy
dissolving 0.1483 g of pure iron wire in acid, diluiing
t5 250 ml, and then making @ 100-fold diluticn, had =n
~bsorbance of 0.813. Caiculate the ppm Fe in the
water sample. |

(d) A dietary supplement capsule weighing 4.84 g was ground
jnto ~ fine powdér-. Twc porticns of the s1id, both
weighing 0.137 g, were dissclved in dilute zcid and
transferred tu 50.ml volumetric flasks. To cne of
these, 5.00 m1 of 40.0 ppm Mn2+ was added, then bcth

filasks were diluted to the mark with distilled water.
When aspirated into the flame cof an atomic absorpticn
specrcmeter set at a manganese abscrption wavelength,
the abscrbances of the unknown and unknown plus

standare were G.374 and (.641 respectively.
Calculate the percentage of kn in the capsule.

[Mn = 54.938]



e
(%2
X

Q3. (2) i. Ex;lain principle of DC pclarography
ii. How can you remove oXxygen from polarographic cell
and why?

iii. #How can you suppress itae maxima in polarography

(b) A 541.7 mg sample of silver was dissclved in acid,
diluted with water, and transferved to an electrolysis
cecll equipped with an electronic coulometer. The
so}ution'was electrolysed at -0.3 YV versus SCE to reduce
Cu}‘+ to Cu ¥, which required 98.66 C of electricity.

The potential of the working electrode was adjusted
to -0.85 V versus SCE, where 24.07 C was required to
reduce N12+ to Ni % Finally 41.13 C was required to

reguce Zn2+t0 Zn % at -1.40 V versus SCE.
Calculate the % Cu, % Ni and % Zn in the sample.

[Cu = 63.54, Ni = 58.71, Zn = 65.37]

(c) A 10.0 ml aqueous solution of the biochemical compcund
flavia odenine dinucleoiide (FAD) was asszyed DY
controlled-potential coulometry at -0.8 V versus SCi.

FAD + 2H" + ze = FADH,
The a2rea under the current-time curve was 33.7 mA.min.

Determine the concentration sf FAD in the sample.

(d) Caiculate diffusion coefficient of Pb2+ if the
concentration of lead im poinrographic cell was
5.0 x 1074
From the capillary fallen down 90 drops after 3 min,
which weight 0.360 g of ig.

mol £-1 and diffusion current was 4.5pA.

Q4. (2) Nome the three principal evzluation methods used in
chromatcography. Explain how each of these three

metheds 15 used.



(b)

Q5. (a)

(b)

(c)

4

X}
[ X7

Assune that 100 mg of iniernal standard 1is added to
1.00 g of szmple mixture. Measurement i the resuliant
chromatcgram shows four components (including the
internal standard) with the following peak areas in

arbitrary units.

Ay = 27 ; A4 = 80

A, =20 ; Ay = 70

Area sum = 197

Czicuiate the amcunts of compﬁnents‘Al, A2 and A3, in

milligrams, in the sample mixture.

Nzme three types of open tubulzar capillary coiumms

mzinly used in gas chromatography.

On » 1060 cm capillary cclumn of 0.25 cm bore, the helium
carrier gas velccity is 37 cm/sec.

The retenticn time (tR) for decane is 1.27 min 2nd the
peak width at half height is 0.88 sec.

Calculate t k', Neff and H.

On a 122 cm long column rperzied at 160 °C the fclicwing

retention times f.r cctane and heptane were cbtained.

For Heptane: Ty = 1.22 min; wb = 0.14 min.
For Octane: tp = 1.43 ming Wb = 0.20 min.
The air penk (tm) appeared =t 0.90 min.

Calculate the relative reteation (or selectivity) and

the resclution (RS) for heptane and octane.

END OF EXAMINATION
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ANSWER ANY FOUR QUESTIONS

1. (a)

(b)

(c)

@

(e)

Explain back-emf, overpotential, overvoltage,
concentration polarization and IR drop.

(i) Explain glass electrode and calomel electrode
respectively. '
(ii) Asymetry potential in glass electrode.

(iii) Alkaline and Acid error in glass electrodes.

Explain briefly potentiometric titration and

amperometric titrations respectively.

A 50.0ml1 aliquot of liquid from a sewage holding
tank was brought to pH 13 with sodium hydroxide

and diluted to 100 ml. The voltage across a sulfide
ion and calomel electrode immersed in the solution
was 0.337V. After addition of 10.0ml of 2.5 x 10~
M NaZS the voltage across the electrode was 0.324V.

3

Calculate the concentration of sulfide in the water

as ppm s” [A.M.S. = 32.066 ]

A 5.00m1 sample of brandy was diluted to 1.000liter
in a volumetric flask. The ethanol in a 25.0ml
aliquot of the diluted solution was distilled into
50.0m1 0.0ZOMIKZCrzofxand;nxidiued'to;acaticaacid
with heating. Reaction: ‘
3C,H.O0H + 20r,027+ 16H°— 4cr>*+ 3CH,COOH + 11H,0
25 Cry0y 3¢ 2



(a)
(b)

(c)

After cooling 20.0ml of 0.1253 MFez+ were pipetted
into the flask; The excess Fe2+ was then titrated
with 7.46ml of the standard '12&207 to a diphenylamine
sulfonic acid end point. Calculate the percent (w/v)
CZHSOH (46.07g/mol) in the brandy.

Explain principle of coulometric titration.

A 2.5g sample of iodized salt is dissolved in water
and electrolyzed at + 0.72 V vs. SCE to oxidized I

to 12‘ A charge of 270mC passes before the current
reaches its residual current values 19xA. Electrolysis
time was 65min. ’

You as a head of laboratory ask to do this analysis
more efficient. You decided that analysis cannot
take longer time than 10 min.

What will be current use for this condition. There
is another possibility to reduce time of analysis?
[M.M. KI = 166.01].

A protein sample is analyzed by a Kjeldahl procedure
by digesting with sulphuric acid to convert protein
nitrogen to ammonium sulphate. The ammonia produced
in determined by adjusting the pH to 8.6 and titrating
conlometrically with electrogenerated hypobromite.

Br~ Br '+ 20H ———> OBr + H,0 + 2e~

ZNHS + 3 0Br" —> N2 + 3Br + 3H20

If the titration is performed using 20.5 mA current
and the end joint occurs at 150 sec. How many
milligrams of protein were present in the sample?

In protein is 16% of nitrogen.



(d)

(e)

(a)

(b)

3

For the determination in previous problem, you are
asked to design a constant current source that will
read out directly in micrograms of protein titrated.

What current must it supply in order that seconds
of titration will be equal to two micrograms of
protein?

At a potential of -1.0V(vs. SCE), carbon tetrachloride
in methanol is reduced to chloroform at a Hg electrode.

2C €1, + 2H" + 2e” + 2Hg(I) — 2CHC1l; + Hg,Cl,(s)

At -1.80V, the chloroform further reacts to give
methane:

ZCHCI3 + 6HY + 6e~ + 6Hg(I) _ ZCH4 + 3HgZC12(s)

A 0.801g sample containing CC14, CHCl3 and inert
organic species was dissolved in methanol and
electrolyzed at -1.0V until the current approached
zero. A coulometer indicated that 9.17C had been
used. The reduction was then continued at -1.80V;
an additional 59.65C were required to complete the
Teaction.

Calculate the percent CCl4 and CHCI3 in the mixture.

[M.M.CC1, = 153.823 and M.M. CHC1

4 = 119.31]

3

Explain principle of pulse and difference pulse
polarography.

What are differences between diffusion current,
kinetic current and adsorption current respectively.

Calculate the amount of cadmium in the sample. Weight
of sample 3.789g was dissolved and prepared stock
solution of 250.0 ml. To the polarographic cell is
added 20.0ml of unknown + supporting electrolyte;
register h1 = 38.0mm. After than add 2.0 ml of



<

4.

(d)

(e)

standard of cadmium which has a concentration
40mg Cd/100ml and register the second polarographic
curve; h? = 5.7cn. .

4

What is the concentration of cadmium in the sampie.
[Ca = 112.40].

An organic substance is reduced polarographically.
At a concentration of 4.0 x 1()'4 mol. 1-1 it gives
a wave with a diffusion current of 3.7 micro amper.
The diffusion coefficient of the compound in the
supporting electrolyte has been determined by other

6

means to be 9.0 x 10 cmZ/s.

(From the capilary fallen down 67 drops after
3.0min, weight 0.612g). What is the Z value for
the polarographic reduction of the organic
compoundz.

What is the relative decrease of concentration of
Zn2+ ion in percentage after electrolysis on the
mercury drop electrode which last 3 minutes.
Electrolysis is provided on the potential of the
limit diffusion current. Suggest the current of

which the electrolysis is constant.

(Condition: 100 drops of mercury fallen down after
Smin and weight 0.600g. D = 9.0 x 1- Sca?/s;
c = 0.5mM and V = 0.020 liter). (A.M. Zn = 65.37).

Define the following chromatographic terms

Retention volume (VR)
Retardation factor (R £ )
Adjusted retention volume (V;}
Specific reteation volume (V;)
Net retention volume (VN)

Selectivity factor (a)



(vii) Partition coefficient” (K)

(viii) Partition ratio or capacity factor (k)
(ix) Plate height (H)
(x) Plate Number (N)
(xi) Column resolution

(xii) Isocratic elution in liquid chromatography

(xiii) Gradient elution in liquid chromatography.

5. (a) Outline the following causes of peak broadening
(i) Eddy diffusion
(11) Longitudinal diffusion

(iii) Mass transfer

(b) What are the basic components of a gas chromatograph?
Sketch them.

(c) What are the basic components of an HPLC? Sketch
them.

(d) The following results were obtained from a gas
chromatographic column:

ﬁ(cm/s) 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 10.0
H(cm) 0.63 0.44 0.42 0.44 0.47 0.47 0.51 0.61 0.72

Construct a plot of H vs §§ and from this determine
the best carrier gas linear velocity ULpt and the

corresponding minimum H value, Hl

END OF EXAMINATION
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INSTRUCTIONS:

(i) This examination has six (&) questioms.

(ii) Answer ANY FOUR (4) questions.

(iii) Each question carries Twenty-five marks.

(iv) A Tidy and Orderly presentation is a must.

(v) Show all steps involved in calculations.

1. (a) Write balanced equations for the chemical reactions
when,

(i) Ammonium carbonate solution is added to
lithium sulfate solution.

(ii) Potassium permanganate reacts with {erous

sulfate in presence of sulfuric acid.

(iii) Sodium hydroxide reacts with aluminium
sulfate

(iv) A current of dry chlorine is passed over 2
strongly heated mixture of boron trioxide

and powdered charcoal.

(v) Steam is passed over heated aluminium carbide.

(b)  Draw the structures of the following species.

P,0c; H,5,05; N,0c; [B305(0H),]



(b)

(a)

(b)

(c)

(d)

(a)

(b)

Describe the laboratory method for the preparation
of phosphine gas. How dees &t resact with

(1) Chlorine (ii) Copper (L) chloride (iii) oxygen.

Complete and bazlance the following reactions.
(i) Crp02 +H + NO,. —
(ii) B, + NHy BE + M50, ———
(iii) Si,Hg + KOH + H,0 L
(iv) Mg + IOHNQ,(dig){~f~+——j>
(v) PCls + CHyOH ——>

Give a generalised comparison of alkali metals
with these of alkaline earth metals.

Give three commercial uses of each of the following
(i) Sulfuric acid (ii) Phosphates

What are silanes? Write balanced chemical reactions

between silicomethane and

(1) silver nitrate (ii) copper sulfatc
(i1i) Aqueous sodium hydroxide.

Give three methods for preparation of sodium

thiosulfate. Write balanced reactions when it
reacts with

(i) water (ii) cupric chloride

(iii) Barium chloride (iv) dilute sulfuric acid.

Explain, how would you prepare the following?
(1) Plaster of paris from gypsom.
(ii) Borazole from diborane

(iii) Antimony pentasulfide from antimony
pentachloride.

(iv) Boron trioxide from borax.



(c) Draw the structures of the following molecules and

ions.

3_
03; Noiy, ; Hy POy (P0313

(d) What happens when,

(1)

(ii)

(iii)

(iv)

(v)

Sulfar dioxide reacts with phosphorous
pentachloride.

Sodium nitrite is heated with sodium iodide

in presence of dilute sulfuric acid.
Lithium aluminium hydride reacts with stibinec.

A mixture of boron oxide, calcium fluoride

and dilute sulfuric acid is heated.

Antimony tetraoxide is heated.

(a) Describe the manufacture of hydrogen percxide from

ethyl derivative of anthraquinene. Write the

balanced reactions when hydrogen peroxide reacts

with

(1)

(i1)
(iii)

(iv)

Potassium iodide in presence of hydrogen

iodide.
Chrogzic hydroxide suspended in caustic soda.
Sodium hypochlorite.

Ozone.

(b) Complete and balance the following reactions.

(1)
(i1)
(iii)
(iv)
)

Kz Si FG + 4K ————->
Cu SO0, + NH, OH ——————{}
+
MmQ- + H + ch . u——————-—§>

Ca(OH), + 3 CS, >
PCL  + SO, ——

e




(c)

(2)

(b)

(c)

(d)

(2)

(b)

(c)

(d)

Write the balanced chemical’reactions betwcen dijute
nitric acid and

(i) H,S (ii) HI (iii) Zinc
How is ammonia manufactured on a large scale by
Haber's process?

Describe in detail the extraction of beryllium

metal from its ore beryl.
Give three commercial uses of each of the following
(1) Sodium hydroxide (ii) Hypo
How would you prepare the following compounds.
(i) Arsenic pentoxide from arsenic triocxide
(ii) «- sulfur from B- sulfur
(iii) Hydrazoic acid from'sodium azide.
Convert one atomic mass unit (1 amu) into million
electron volt (Mev).

Compare the properties of alpha, beta and goma rays

in respect of their origin, ionising power, penetrating

power and velocity.

Write a short account on (i) nuclear exchange forces
and (ii) n/p ratio in relation with nucleus
stability.

Calculate (i) the total binding energy (ii) the

binding energy per nucleon in milliom electron volt
for the lﬂﬁpb nuclide.
82



USEFUL INFORMATIONS AND

PHYSICAL CONSTANTS

if

Mass of proton

Mass of neutron

it

Speed of light

i electron volt =

206
8%

1J

Atomic mass of Pb

1 amu

1.007838 amu

1.008665 amu

8 i

3.00 x 10° m.sec

19

1.60 x 1077J

205.97447 amu

6.25 x 1012 mev

7

]

i

1.66 x 1072

kg.

END OF EXAMINATION
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TIME: THREE HOURS

INSTRUCTIONS:

1. THIS EXAMINATION BAS SIX(6) QUESTIONS.

2. ANSWER ANY FOUR (4) QUESTIONS.

3. EACH QUESTION CARRIES TWENTY FIVE MARKS.
4. A TIDY AND ORDERLY PRESENTATION IS A MUST.

1. (a)

(b)

(c)

2. (a)

(b)

{c)

Using a flowsheet diagram, describe the extraction of
thoria from thorite, a mineral of thorium metal.

Draw the structures of the following molosulies and ioms.

Xer 7 1207 H XeO N 7 {szFq ]n

Cerium,sge : europium,sgu and ytterbium, Yi show

70

~unusual oxidation states. Why is this so?

Explain, what is meant by the term ' Total Lanthanide
contraction2

Determine the ground state spectroscopic terms and their
corresponding magnetic moment (uJ) for the following

lanthanide ioms.

(1) ca’ (ii) g2t
64 68

wWhat happens when, )

(i) Barium ~<chlorite is treated sith dilute sulfuric
acid. ) .

(ii) A mixture of silver fluoride and iodine is heated.

(iii) Bromine dioxide reacts with s:odium hydroxide.

{iv) Perchloric acid is dehydrated by phosphor.us
pentoxide.

(v) Xeno p tetrafluoride reacts with borm trichloride.

{(vi) Xenoip hexafluoride reacits with water.

[2....



Y

(a)

(b)

(a)

(b)

(c)

-2 -

The stepwise . stability constant (k;;) for the addition
of ammonia (NH3) ethylenediamine (H,N CH,CH, NH, abbr.en)

2+ . . .
to Ni ion in solution are given below.

Ammonia
n 1 2 3 4 5 6
log kh . 2.70 2.11 1.60 1.08 0.60 =0.10
Ethvlenediamine
n 1 2 3
log kn ‘ 7.51 6.3 4.3

{i) Explain why log kg is small, and what implications
this suggests.

(ii) Considering the occupation of four positions about
the central metal atom show that chelation results

in the overall stabilization of the metal complex.

Molecular orbital theory discusses the bonding butw:en
metal centre and the ligand in terms ofo-.ad n- bonding.
With particular reference to P¥3, PHy; and Pt,

{where ®t = - CH, CH,;) ligands discuss the factors that

contribute to the stabilization of a metal - ligand bond.

Account for the variation of ionic radii of divalent
first row transition metal ion in a weak tetrahedral
ligand field. S
Using a weak octahedral ligand environment show for a d
configuration that crystal field splitting of d orbitals
results in a crystal field energy gap of 10 Dg.

List the major differences between the Valence Band Theory
(VBT) and the iolecular Orbital Theory (MOT)

/3....



(b)

6. (a)

(b)

-3 -

-

The ground stgte octahedral weak ligand field term for a

complex in Eg-

{i} How many d electrons are present?

[ clearly show how you arrive at your answer |
- I
{ii) Calculate Hogs for the complex, given that Dg = 1,400cm

-1
and g {Zeta-value for metal ion) is 540 cm .

What is Racah Parameter?

What role does it play in complexation?

Write briefly on each of the following:-
{i) Factors that affect the magnitude of Ag.

{ii)Stability of complexes Vs Pearson's acids ~nd bases.
{iii) Chelation and entropy of reaction {Give o specific
example) .

Name the following compounds.

(i) Fe(CO) 4 (ii) volacac), py

Where acac = CHEscdéﬁ CO CH,

PY = pyridine

END OF EXAMINATION
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ANSWER ANY FOUR QUESTIONS

1. (a) Attempted bromination of Z2-methyl-2-phenyl propane
using liquid bromine and aluminium (III) bdromide
unexpectedly gave bromobenzene and 2Z-methyl-propere.

Suggest a likely mechanism for this transformation.

(b) (i) Suggest a sequence of reactions involving Hofumann
elimination and Mannich reaction that can be used
to synthesize compound A.

,/(;ffél
r
.

2

s :—\

———

(ii) Give mechanisms of the reactions involved.

(c) On heating with aqueous sulphuric acid, compcund
reacts to form a dimer C in good yield.

fw

Provide a mechanistic explanation for this reactiom.



o -r - o

(a) (1) Identify compounds D to G and give mechanisms of

the following reactions.

Cyclohexanone -} Piperidine

Hg_@—-SOg)H ,benzene,
A

N/
D H,&_C:C_HCOCFj} s E
(An enamine) -
H20 2
Hc’g)a_w’m

G (CgHyN) + E (CygH,0,)

(ii) The expected product ¥ in the above reaction
actually cyclized under the reaction cenditioens to

give a compound i <

COMPOUND H I— OQL:O

Show all steps involved in the formation of H from F.

(b) Give structures of the major organic products expected to
be formed in reactions (i) to (v).

() NN W) CHacocl , A,
Mitvoberizene 5 A .
Q) H>O ”
(1) Hzoz
“ﬁ EtONg N




v S (H 207 aq - KOH , By, |
1

U1y Heof

<
CCH
Y - y
BNy HzSGq

3. (2) Suggest mechanisms for each of the following reactions.

. % - 3 {4 ::-j(,-.'
(@ , N
' \ H By AN e N
\\\l .} S W 'f(/\a !
o CH3CoOH, ~ s
Q o o C oz

+

©) - )
O, N N, Cf (CH) . OH sl ‘
( it ) 3 \m 2 S )j > (/\.\{ E/j '\‘: P{e_
O N SN

SN ceon X M

e A Y
Me%—' i 0 MOz

Me T+ Nz C

(b) Propose synthetic routes for TWO of the following
compounds starting from benzene, or a monofunctionalised

benzene.
¢ O
G O | .. = CH
) =3 NN (") !
I~ CH /"“\-”\‘ _
=~ Hy C—CHz COCH



4. (2) (i) Identify compounds P and Q from the foiicwing

data. Show your reasoning.

(i) K,NOH.HC}

P EtOH, A . Q
. ) ;7=
{(i1) H,86,, H,0,
FAN

COMPOUND P , C.H,,0
- -1
IR {Neat); v (cm ); Selected bands : 2950, 1705

1
HNMR (CC1y) ; & (ppm) : 2.25(m,4H);
1.8 (=,6H)

3omp (Neat) 5 & (ppm) : 210 (s), 42 (t};
28(t);: 26(t)

COMPOUND Q , CgH,, NO

- -1
IR (CHC1,) ;v (cm ) ; Selected bands
3300 (broad, strong,; 2500,
1650

1

HNMR (CDC®;) ; & (ppm): *7.1 (s, 1H, bread);
3.2 (m,2B); 2.5 (m,?H);
1.7 (m,6H)

13CNMR (dsracetone); 6 (ppm) : 180 (s) ; 43 (t);
38(t) ; 31 (t) ; 23(3) ;

24(t).
NOTE: 1. * = the NMR signal disappears on shaking
the compound with D_O.
2. s = singlet; d = doublet; t = triplet;
q = quartet; m = multiplet.

3ﬂ ds—acetone = DSC-CECD3

(ii) Give mechanism of the above reactiomn.




(a) (&) Reaction of 2-chlorobenzoic acid with sodiua ami:de
NaNH_, and liquid ammonia in presence of acetonitrile

CH,CN, gave a compound R and 3-aminobenzocic acid.

CCGOH
Ho & s CCOH /x/('( OH //lTN”.a
Ne ‘\)\ CH, =

R (,1‘.3 (IC}

Suggest a mechanism for tkls renctios znd explain why
oompounds (i} and (II) were not formed

(13) dict the products and give mechanisms of ths
following reactions.
ac(,ue(/us* NQ I\IQZ_ 5
-1 CC - _
. \ = 2 7 (‘L /
=7 Q-5 o«
(‘ OH |
:;;gi;C%ZHB
2 Na O
(») (i) Identify compounds § to X in the followiup
synthesis of X.
[ g .
HO . LH£L< . k)CHCC4 ACM\ |
4 > 5 e T
noo f( Cl 3 Ui 1Y H, o
T CH,CHO < U (CH,CO) ,0 . lyi L C H O
ot > = > 12 10 4
EtONa , A\ CH,COONa,

A .



v

Z N H
X, Ci;Hq 03N + Other

DCC, THF procaucts

W

NOTE: DCC = Dicyclechexylcarbodiimide; THF = Tetralydrofuran.

(11)
(a)

(b)

Show all steps in the formation of X from \ -

—

Deduce structure of the compound Z, CzHg0,

from the attached IR and 1

State your reasoning.

HNMR spectra.

Caleulsate the expected positions of the principal
uy absorption bands,;\EtOH , of each of thse

following compounds. "> Show your working

clearly.

END OF EXAMINATION
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C350
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PAPER 11

THREE HOURS

ANSWER ANY FOUR (4) QUESTIONS

1. Show how D Cram's mechanism acccunts for

(a)

(b)

(b)

2/...

the conversion of optically active threo-3-phenyl-2-butyl
tosylate into racemic acetate and

the conversion of optically active erythro-3-phenyl-2-
butyl tosylate into optically active erythro acetate.

Treatment of 1-methyl-1-cyclonhexyl hydroper~xide with
acid gives a product of fcrmula C7H1402, which gives
positive tests with Cr03/HZSO4, 2,4-dinitro phenyl
hydrazine and NaOI. What is the likely structure for
this compound and how is it formed?

(1) Show all steps in the mechanism probably invclved
in the following transformation.

”~ -
o s s whT v m— ¥ =
‘:‘; N L M. / e > :
i’ i
s & .

\ ST +H >
\Mwqu/f, \\\\”*unnézg?g€> *N\\T///

/O
Cyclopentene
§6*) -1-Carboxaldehyde
" (39%)

Adipadehyde

P
(ii) An important difference in migratory gpfitude is
illustrated here. What is it? LT



- 2 -

3. Account in detail for each of the following sets cf
observations.

(a)

(b)

(2)

Compound I reacts with acetic acid 1200 times as fast as
does ethyl tosylate and yields not only II but also I1I.

(CHy), € = CHCH,CH,OTs HO Ac -
I =
(CH;), C = CHCH,CH,0AC
I1
HyC
+ 1 tnceeny) = cH,
Ka I11

When labelled compound Iz is used, product IV
consists of equal amounts of IVa and IVb.

(CHS)Z C =CH CH2 CD2 OTS (CHS)Z C = CH CHECDQOAC

2
Ia IVa

(CHS)Z C=CHCD

2CHZOAC

IVb

The alkaloid hygrine is found in the coca plant. Suggest
a structure for it on the basis of the following evidence.

Hygrine (C8H150N) is insoluble in aqueous NaOH bHut
soluble in aquecus HC1l. It does not react wiith benzene
sulphcny/1 chloride. It reacts with phenyl hylrazine to
yield a phenyl hydrazone. It reacts with NAOI to yield

a yellow precipitate and a carboxylic acid (C7H1302N).
Vigorous oxidation by Cr03 converts hygrine int~ hygrinic

acid (C6H1102N).



Question 4(a)(continued)

Hygrinic acid can be synthesized as follows:
BrCH ,CH, CH,Br + EH(COOCZHS)é “Na” —> A(C, H .,3, 3r)

A + Bry ————> B(C,,H4 0,83 )

B + CHyNH, —— C(C,, H,40, N)

C + ag. Ba(OH), + heat —>D - _E heat% hygrinic acid +
HC co,

(b) Suggest a mechanism for the following reaction.

\l/

. ¢
,CO0RHs Gy EtoNe N
<N . () < N

-

2
HBC:

S. (a) Plasmochin (also called Pamaquine), a drug effective
against malaria, has been synthesized as follows:

ethylene oxide + diethylamine

F + S0C1, —> G(G H,,NC1)
G + Sodioacetoacetic ester ———> H((,, H,30,N)

—> F(C.H, 5 ON)

H + dilute H,S0, ,warm ——> I(C4H,qON) + CO,+ C, i OH

I +H , Ni ———> J(G H,,0N)

J + Conc. HBr —— > K(Cg H,oNBr)
4-amino-3-nitroanisole + glycerol SkraugE L{Co HgOy N, )
L + Sn + HC1 ———> M(C,,H,,0N,)

K + ¥ ————> Plasmochin (C;4H,,0N;)

What is the most likely structure of plasmochia?



5. (b) Nylon-6, used in textile industries, is made by
alkaline polymerization of P. |

i

NH CH3ONa

> PJ)/gQ»v-— £

P
(i) Give the structure of Nylon-6.

(ii) Suggest a mechanism for the polymerization
process.

6. (a) In addition to the expected product R, a bsproduct
S was also isolated from the reaction shown below.

COOCH2 Ol CHAaONq , THyCH
e —+ /)*\%ﬁ? '

CH~
5 ( Byproduct)

The reaction was found to proceed via a key

R (Majov praduct)

intermediate Q, structure shown below.

~OO0CH f

(i) Show clearly how g is formed in the above redct1on.

Compound & -

(ii) Propose plausible mechanisms to explain the
formation of both the compounds R and S {rom

the intermediate Q.



6

(b)

(i) Suggest a stepwise synthesis of 2-aminc-3-
- methylpentanoic acid from malonic ester,
EtOOC-CH;—COOEt, and any other needed resgents.

(ii) Propose a reasonable mechanism to account for
- the formation of compound X in the following

reaction.
o () ELONe (I mc&) TOCE
M 1he s (D) I NAT
N et > \//w
= then (1) Et ONe, « ~
(/moEe ) X

END OF EXAMINATION
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~ ANSWER ANY 4 QUESTIONS

R = 8.314 J mol-1 k-1
F = 96500 Cmol-1

1. (a) Derive the expression for relaxation time for the two
reactions below:
ky

i A ——=B
(1) =

(ii) A, —__s2A

(b) when a sample of pure water is heated suddenly in a
small conductivity cell with a pulse of microwave
radiation equilibrium is disturbed to be re-established
when additional dissociation of water occurs after a
relaxation time of 36 uS at 25°C. Calculate k; and k-1
given that for the equilibrium

k)

H+ + OH~- —H,0

k-1

T =, 1

k-, + k; (CH+ }+{OH-]})
. e e

/2....



(a)

(b)

(c)

-2 =

Describe the moving boundary method for determining the
transport number.

.

Explain the following observations:
: +
(1) for H30+ , 2 = 0.821 while t%_ = 0.337 for Li

(ii) for aqueous CdC'l, as the concentration is raised
from 0.0050m to 0.50 m t+ falls from 0.445 to
zero and then becomes negative.

In a2 moving boundary method to determine the transference
number of chloride in ion in 0.010mol dm—3 sodium chloride
solution, the chloride ion moved a distance of 3.0cm in
97€¢s. The crossasection of the tube was 0.,427cm2 and
current 2.08x10 " A Calculate ¢t .

In the decomposition reaction of a molecule whcse reaction

mechanism has been proposed by Lindermann where mbjlecules may

be activated or deactivated as follows: i

A+ A ——ommm »at 4+

At + A —eeeee >A + A
k

at =—-n3—-> Products

Use the steady state approximation to show and explain under

what conditions the kinetics are first and second order.

(a)

(b)

(c)

What are the possible effects of the absorption of light
radiations by substances.

Light of definite wave length was passed through a cell

of 5.00cm thickness containing a 0.01 molar solution of a gi
substance. The intensity of the transmitted light was

0.245 of the incident light, calculate the molar
absorptivity of the dissolved substance.

State the law of photo chemical equivalence.

What do you understand by Quantum yield?

Quantum yield in the reactign between Hydrogen and
chlorine is tbe order of 10 whereas in the reaction
between Hydrogen and Bromine is 0.01. How will you

account for this deviation.

/3....

2

=



(a)

(b)
(c)

(a)

(b)

(c)

-3 =

Discuss the kinetics of the photochemical reaction
between Hydrogen and Bronine. Deduce the rate equation

dac
. _HBr = k CH, I*abs
at

1 + k°* (CHBr/CBrz)

What is Chemiluminescence? Give suitable examples.
How many types of adsorption of gases on solids are known
to you? Outline the differences between them.

Derive Langmuir adsorption isotherm. How is the extent
of adsorption affected by pressure? How can the isctherm
be verified?

How many types of adsorption isotherms for physical
adsorption have been obtained. Explain thease.

State B.E.T equation. How does it hel» ir. determining
the surface of the adscrbent?

END OF EXAMINATION
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BIOCHEMISTRY

PAPER I

TIME: THREE HOURS

ANSWER: FOUR QUESTIONS. ALL QUESTIONS HAVE EQUAL [MARKES

Describe in detail how the activity of glutamine swvnthetase
in bacteria is regulated.

Discuss the principles behind gel exclusion chrowatugraphy
and SDS-PAGE. In your discussion mention the type{s) of
information that can be obtained about a protein wiea
analyzed by either method.

Some steroid and peptide hormone receptors mediate tie
formation of a second messenger. Name one such second
messenger and show how the binding of a hormone to its
receptor can cause a cellular response (through tae
action of the chosen second messenger).

(a) Briefly describe the major steps leading to the
contraction of a striated muscle.

\EEEJ In resting frog sartorius muscle, the concentration

of K+ inside the cell is 3.0 mM and that outside is
150mM. Calculate the membrane potential that would
exist in the resting muscle if the membranc were
permeable only to K+. What will be the new potential
if the membrane was also permeable to Na+, the inside
and outside concentrations of Na* are 180 und 7a¥
respectively. Assume that the permeability o+ % is
ten times that of Na® at 25°C. R=8.3 J.K-lrol-! 1nd

F=96500 J.V-imo1-1,



{a)

(b)

Briefly discuss the passive transport of compounds ncross
the plasma membranes (give one specific example).

Bacteria of the genus Bacillus do not make unsatuarated
fatty acids. Rather, they produce a2 mixture of st-oight
chain and branched chain fatty acids. What wi’l hapoen
to the ratio of branched chains tc straight chains whean
growth temperature is lowered from 37°C to 20°C. sAxpiain
your reasoning.

END OF EXAMINATiON
HAVE A MERRY CHRISTMAS AND A PROSPEROUS NEW YAl
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THREE HOURS

ANSWER: FOUR QUESTIONS

Justify the assertion that chemical biotransformation in
living organisms is biphasic.

The human environment is chemically suffused. <Critically
discuss the human survival mechanism in such an environment
and name the extrinsic and intrinsic variable factors in
his survival.

Write an essay on the role of proteins in redox rezctions
of xenobiotic biotransformations.

(a) How is DNA packed within the nucleus?

(b) What evidence is there that unfolding of the condensed
chromosomal DNA is an essential preliminary step in
gene expression?

Briefly describe the functions of the following proteins in
DNA replication:

{a) DNA polymerase

{b) DNA ligase

(c) Single-stranded DNA bonding proteins
(d) Topoisomerases

(a) Give three ways by which protons affect enzyme
catalysed reactions

{b) What role do cofactors play in exzyme catalysed
reactions

{(c) Starting with the following expression explain in
detail how enzymes reduce free energy of activation:

AG* = A H* - TaS*



7. (a) (i) What are antibodies?
(ii) Describe some of the practical uses of antibodies.

{by (i) Discuss ways by which antibody diversity is
attained.

{(ii) How does the generation of antibody diversity
differ from T-cell receptor diversity {(generation)?

8. Discuss the following statement:-
"Enzymes are not different fron antibodies."

END OF EXAMINATION
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ANALYTICAL CHEMISTRY

PAPER 1

TIME: THREE HOURS

ANSWER FOUR QUESTIONS OUT OF SIX QUESTIONS IN THIS PAPER

Q1. (a) Name 2 preservatives you expect to find in fruit drinks.
How would you determine them in these drinks?
(b) Rachasu is not{zm}egal drink in Zambié? what makes the
drink unfit fogéhuman consumption and what tests woulﬂj

< v it you carry out to test for qu?llty of this drink?

Asgio e B D P

(c) Degcrlbe 2 methods used in the determlnntLon of protelns
in food samples.’“f‘)""“ L‘&‘Mrfjf ' e

(d) 18mg sample of a nitrogen containihg organic compound was
subjected to a traditional analysis. Before ammonia was
steam—-distilled, 20 ml of 0.2N HCX was placed in the
receiver. After distillation, 10 ml of O.ZH NaOH was
required to back-titrate the excess acid. Calculate 3%

nitrogen in the sample? (use a conversion factor = 6.38).

(e) How would you determine 2 fat-soluble vitamins in foods?

Q2. (a) Describe 3 main methods other than tlc used in the
. © ; P P SN

»;, IR - e

% 1 v

determination of drugs of abuse.,; {ep oy

(b) Describe how you can use thin layer chromatography ftIC)
in the determination of drugs of abuse (glve examples to
illustrate thls)iu‘1%1“4%‘ - - {‘AJS% '

(c) Use the following 1nformat10n to calculate what & of stated
weight of C;1H g0, is present in a 5mg tablet of ethisterone.
Weight of 20 tablets, stated each to contain 5 mg of

C21H 2802 = 4.8896g
Weight of powder used in USP assay process = 2.4250g
0.05136g

it

Weight of residue obtained from chloroform

extract

/2...



(d)

(e)

(a)

{b)

{c)

(1)

(e)

(2)

(b)

(c)

()

(e)

w2 o
Explain why pnenol can be titrated successfu®l: in
ethylenediamine and pyridine can be titrated better in
dioxane than in water.
Describe briefly how you would carry out non-agueous
titrations highlighting differences in dealing with
basic and acidic compounds and why it is necessary to

carry out titrations in this environment.

What are pesticides and name 3 of such compounds 2nd
their mode of action?

Certain pesticides are a problem in dairy products,

name one of them and explain how you would determine it
in such products using gas chromatography{gc)?

Some pesticides cannot be easily be determined bv GC; but
can be done by HPLC, why is this s0? Give one example
to illustrate this fact.

What are the main differences between flame ionization
detector {FID} and flame photometric (FPD). Which of
these detectocrs would be useful in detecting
organophosphates and why?

Outline the stages followed in the anlaysis of pesticide
residues.

Outline how a laundry soap is made and mention what
parameters are used to assess the quality of the product
How would you identify a non--soap detergent and outline
fiow you artimate the % active ingredient of such o product.
How would you differentiate a soap from a non-—soap
detergent and how can you test four tii: detergency of

these products?
Describe how determination of total fatty matter in soaps
and that of phosphates in detergents are done.

Two methods can be used in determining mcisture in sonps.
describe them and a method used to determine matter-

insoluble-~in-alcohcl in detergents.

/3oooo



5.

Q6.

-3 =

(a) An enzymatic method for the determination of alcohol is evaluated

(b)
(c)

(d)
(e)

(a)

(b)

by comparison with a gc method. The same sample was analysed

several times by both methods giving the followirng results (3 ethanci)

Enzymatic method gc method
13.1 13.5

12.7 13.3

12.6 13.0

13.3 12.9

13.3

Does the enzymatic method give the same results as the gc method
at 95% confidence level? (For 4 degrees of freedom at 95%
confidence level is 2.276 and 3 degrees of freedom is 3.182).

Discuss 4 methods of collecting atmospheric gases for analysis.
For the determination of proteins in serum, a 2.00 ml sample is
treated according to Winkler modified Kjeldahl methud, ammonia
being distilled intc excess boric acid and 21.18 ml <f 0.0996

M HCI solution are consumed to titrate ammonium burate

(BO@'”+ H+--->HBO ;) . Calculate the % (w/v) of protein in serum.
(conversion factor = 6.25)

Describe 3 detectors used in HPLC and their principles of operation.
In clinical chemistry, several components of blood are determined,,
name 3 and describe how they are determined.

WHO has set up the following MAC (Maximum Acceptable Concentration)
in drinking water for Arsenic (As). The practical working range
for Flame Atomic Absorption Spect (FAAS) is also given

WHO MAC/ppm ' FAAS working range ppm

0.05 2-200

with the aid of sketches describe a method that is an alternative
to the burner - nebulizer system and aimed at improving the
sensistivity, hence the detection limit for the determination

of AS by AAS. (Hint, this method is based on hydride generation).

Routine analysis of water for domestic use is important. Why?

Define the following and the significance of each in water analysis

(i) Biochemical Oxygen Demand {(BOD)
(ii) Chemical Oxygen Demand (COD)

(iii) water hardness

f4....



(c) In your lab, you are presented with a water sample known
to have been contaminated with two metals, copper and
potassium, what would you need to determine the levels
of these two metals in this water?

(d) A 0.2g sample containing Cu is dissolved and diethyl
dithiocarbamate colored complex is formed in the
presence of EDTA. The solution is then diluted to
50ml and absorbence measured as 0.0260. A 0.5g sample
containing 0.24% Cu is treated similarly and the
resulting solution has an absorbency of 0.600. Calculate
the % of Cu in the sample.

(e) Describe two methods of determining Chloride ion in a

water sample.

END OF EXAMINATION
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ANALYTICAL CHEMISTRY

PAPER 2 )
3 HOURS

ANY 4 OUT OF THE QUESTIONS IN THXIS PAPER

Ql'

g2,

(a) A 2.00g sample of toothpaste was suspended in 50ml of

(b)

(c)

(@)
(e)

(a)

(b)

(c)

fluoride iron-fluoride ion-strength buffering medium
(TISAB) and boiled to extract the fluoride. The
mixture was cooled, transferred to 100ml flask and
diluted to volume with water. 25ml aliquot was
transferred to a beaker, a fluoride ISE and & reference
electrode inserted and potential of -155.3 mv was
obtained. A 0.1ml spike of 0.5mg/ml fluoride stock
solution was added, after which potential was -~176.2 mv.
Calculate the % fluoride by weight in the original
toothpaste sample. (Assume E = K - 59.2 log (F-)

How would you identify nitrogen, sulfur and halogens
in organic compounds?

How would you differentiate nitrosamines from C-nitroso

compounds?
How are amines and thiols detected in organic compounds?

The folléwing calibration data were obtained for the

determination of Ni by FAAS:

standard (ppm) Ni 2 4 6 8 10
T 62.4 39.8 26.0 17.6 12.3

Calculate Ni concentration for a reading of 20.47 T.

In the analysis of pyrite ore ({((impure FeS,) the sulfur is
converted to sulfate, followed by precipitation of barium
sulfate. What mass of ore would a laboratory technician
take so that the mass of barium sulfate precipitated is
equal to 0.2g?

Discuss 2 schemes you would follow to determine

silica in rocks.

The determination of gold and silver in rocks/ores is

{rather )unique, how would you determine the metals in

petzite and sylvanite (these rocks contain both Au and Ag)
712



- 2 =

(d) The adjusted retention times (t'y) for a series of compounds

were determined on a non-polar column: n-pentane, 2.8; n-hexane,
5.3; n-heptane, 13.7; n-octane, 29.3; toluene, 16.5 and
cyclohexane, 12.4. Calculate Kovats indices for toluene and
cyclohexane. )

N (e) 3 extraction approaches are well-known in the analysis of
roks/ores, discuss them, highlighting the one(s) that can
be used generally.

Q3. (a) _~Phosphorus content of soils was determined by the gravimetric
quinolinium phosphomolybdate method. If 3.114g of quinolinium
phosphomolybdate, (G H,N); PMo,, O, ,wexe obtained from 1.00g
sample, find the % onsin the sample. Use P=31, 0=16,

N=14 and Mo=96.
(b) Discuss the differences between Hutchison/MacLennan and Tinley
et al methods in the determination of carbonates in soils.

(c) Discuss one method you would use to determine:
\/'V\z:r\)‘-

(i) organic C and ”

- (\“cu_,)

(ii) N in the soil - e
(d) Outline the determination of Total Exchangeable Bases (TEB)
and Cation Exchange Capacity (CEC) in soils.

(e) What is “Exchangeable Acidity” and how do you determine
it in soils?

Q4. (a)- A sample containing traces of Zn is analysed using ICP. A
calibration sample containing 1.4ppm of Zn gives a 51gna1 of
124.5 units. If background signal is 8.2 units and cocentration
equivalent of the background is 0.02 ppm. Calculate the
concentration of %Zn in a sample that gives a signal response
of 94.5 units.

(b) Briefly describe how to determine wavailable p® in fertilizers.

(c) Describe the determination of ammoniacal N and nitrates in

fertilizers devoid of organic N.

(4d) Describe 2 methods used to determine K in fertilizers in the

presence of sulfates.
(

(e) A 015009 portion soil sample was weighed in a conical flask.
All the basic components were neutralised with 25.00ml of
0.423N HCl1 solution which was in excess. The CO , evolved was
then boiled off. If 13.88ml of 0.114N NaOH solution was
required to neutralise the excess HCl, calculate the
neutralising power of the liming material as %CaCO,.

/3.c..



Q5.

Q6.

(a)

(b)
(c)

(d)

(e)

(a)

(b)

(c)

(d)

v 3 e
An organic C in a soil sample was determined by the
chromic acid oxidation method. A 0.5g of soil was
mixed with 0.6g of potassium dichromate and the
mixture heated with conc. sulfuric acid. The
excess dichromate was titrated against a
solution of iron (II) sulfate, requiring 12.5iml.
The iron (II) sulfate soluticn was standardised against
0.32g of potassium dichromate, requiring 20.1ml.

Calculates
(1) Molarity of the iron (I1) sulfate solution and
(ii) $C in the sample.

Use C=12, Fe=56, Cr=52, K=39 and 0=16)
Discuss 2 ways of determining Cu in steel.
What are the main components of Brass(alloy)and describe

how to determine 1 of the components of your choice.

Bronze is an alloy of Cu and Sn mainly, describe the

determination of the 2 elements in the alloy.

Wwhat is "German silver®™ znd describe how to estimate
the main elements in this substance.

Relative retentions of codeine, heroin, methadone, morphine
and propoxyphene are: 1.0, 1.89, 0.55, i.15 and 5.9
respectively and ty is 6.00 min. for codeine on a 30% SE-30
column at 215°C. Calculate retention times for the other

compounds .

Van Slyke method used to be a popular method in clinical
chemistry. Describe this technique and contrast it with

the alternative method used currently.

Define or explain the following terms:-

(i) detergency,
(ii) surfactant and
(iii) emulsifier

Levels of tin(ppb) recovered from foodstuffs boiled
for different times in an open vessel as follows:-

30 mins. boiling 57, 57, 55, 56, 55, 56, 55

75 mins. boiling 51, 60, 48, 32, 46 58 56 51
Test whether the boiling time affects the variability
of the results and the mean recovery of tin.

(For 7 degrees of freedom at 95% confidence level

F is 3.79)

l8.....



(e)

An ore sample of mass 4.714g assayed 32.84% Fe,C; as
received and 34.09% Fey 03 after drying to constant

weight.

Calculate the % water content of the sample s received.
Use Fe=56, 0=16.

END OF EXAMINATION
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TIME: THREE HOURS
ANSWER ANY FOUR QUESTIONS.

1. Draw the 'ideal' shapes of the following chemical species:

(a) i. BFy ii. PFq iii. SFg"
iv. SFi— V. BrFy

(b) i. CE, ii. NF," iii. IF,"
iv. IF4’ v. SF,

(c) i. co, ii. NO, iii. HPOS~
iv. SO3 V. 03

2. (a) Clearly distinguish between the terms "Symmetry
Element" and "Symmetry Operation”.
(b) Write short notes on the following
(i) Order of a point group
(ii) Irreducible and Reducible representations and

(iii) A character Table

(c) Determine the point groups of:

i. C2H6 (Eclipsed) 1ii. B,H iii. CGHG

6

LN

iv. C2H4 v. PF



6.

The complex ion [MnClS]S- has two possible, ‘ideal’

geometries. Using group theory concepts deduce the type
of atomic orbitals on the central atom and hence the type
of hybridization scheme for each of the ideal geometiries.

Construct a qualitative molecular orbital energy ievel
diagram for each of the followins molecules

i. NH3 ii. HZS iiil. SiH4

The complex ion [Re2C18]2- has a Re - Re bond with two
eclipsed ReCl4 units. Deduce

(a) how many IR peaks are expected to be observed?

(b) How many of these will be due to Re-cl stretching
vibrations.

Raman spectroscopy is one of the tools that could be

used to distinguish isomers. Discuss this concept using

[ M X2 (C0)4] and [ M Xs (CO)? type of molecules for

illustration.

END OF EXAMINATION
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TIME: THREE HOURS
ANSWER FOUR (4) QUESTIONS

1. (a) Derive the Partial Terms of the configurations
2
(i) 4 (i) f£°
(b) Using the Partial Terms method derive the Spectroscopic

terms of

(i) a° (ii) £

2. Consider an octahedral symmetry

(a) Deduce the Partial Ligand Field Terms associated with
the electron configurations

1
(i) e; (i) e, (1ii) tz,
- 2
(v) ¢, ) é;g

(b) With the help of the Partial Terms obtained from
2(a), determine a complete set of Ligand field Terms

for

(i) (ii) t>_ e! (iii) t. e
* 2g * 2g g 2¢ °g
- 3

(iv) eg

3. (a) Explain the following observations

The electronic spectrum of an aqueous solution of
nickel(II) ion exhibits three peaks whereas that of
Cu(II) ion exhibits one pegk with a shoulder.



(b)

(a)

(b)

(c)

(a)

(b)

(c)

(a)

The electronic spectrum of the purple aqueous solution

~of cobalt (II) ion has the following peaks:

8000 cm } .

19,600 cm™ 1

21,600 cm™ 1
Assign transitions to these peaks.
Of what use is mass spectroscopy to an inorganic

chemist? (Use examples where necessary).

i}

Account for the presence of a peak at m/e 5§ 361 in
) Show a

the mass spectrum of GaL, (L ;'PhCOCHCOCF3

mechanism for this.

Show how NO catalyst assists in the depletion of ozone

in the stratosphere.

Sketch the enlergy band structure of germanium with! a
band gap of 0.7 eV. What elements would you add to
make it a p- type semi-conductor? Sketch the resulting
energy levelxstructure for acceptor levels that are
located 0.01 eV above the top of the valence band.

Pure WO3
bronze such #s Nao.5 WO3 is metallic. Sketch the

is an electrical insulator whereas tungsten
|

probable bani structure of these and indicate which of
the d orbitaﬁs on W are responsible for the electrﬁcal
properties.

Explain why polyacetylene is an electrical conductor
whereas polyethene is not. Suggest what kind of

materials may be added to polyacetylene to make it
(i) n-type, (ii) p-type

Discuss the structure of corrin and the role of cobalt

in the vitamin B12 coenzyme.



(b)

(c)

.2
Contraet the importance of Mg * jon to plants and
animals.

Chelatetherapy has been employed in the reduction
of metal pollution in the body. Discuss its
importance in the treatment of

(1) Mercury poisoning

(ii) Iron overload.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA

UYNIVERSITY EXAMINATIONS - OCTOBER/NOVEMBER 1935

C450
ORGANIC CHEMISTRY
PAPER i

TIME: THREE HOURS
y —
ANSWER ANY 4 QUESTIONS

1. Comsider the catalyiic hydrogenat’rn of propene by the
Wilkinson's catalyst (RhCl(Pph3z3}.

(a2) Give an elzboration of the 4 steps involvecd ir the
proposed machanism for this reactiocon.

(b) Why is this reaction regarded as a typical example
of a reaction showing SYMPHORIA in a chemicn~l reaction
process? Explain.

(c) Indicate the changes taking place in the:

(1) Valence electrons
(ii) Coordination state
(iii) Oxidation state of the metal from the beginning

through upto the end of this reaction.

2. Give the name and structure(s) of compounds with the following
spectra.

(1)
(ii)
3. Give the name and structure(s) of compounds with the
following spectra
(1)
(i1)



.

(a) By drawing structures, show the stereochenical
course of reaction of optically active erythro-3-Dromo-
2- butanoi with hydrogen bromide

(b) Sodium a-bromopropionate undergocs hydrolysis with
retention of configuration

CH,CHBr €00 Na* DR 5 CHyCHOH COD Na'
2
Sodium a-bromopropionate Sodium lactate

Give the most plausible interpretation of this
experimental result.

(c) Account in detail for each of the following chservations
(i) CHy CH C1 CH, NEt, __OH N CH,CH{NEt,) CH,O0H

(ii) Either CH,CHOH CH, SEt or CH3CH{SEt) CH,OH_HCL
CH, CHC1 CH, SEt

(iii) Treat of either epoxide I or epoxide II with
ageous OH gives the same product 1il

CH,-CH-CH-CH,-Br CH ,-CH-CH-CH, -0
\ 7 \ /
G 0O
I i1l

CH~CH-CH-CH,
/I \/
0

Br
II



5. (a)

(b)

Disparlure; the sex pheromone for the gypsy mota has

been synthesized in the following way

n-C, Hy; Br ¢ HC = CNa —— A(C), H,,)
A + n-BuLi —— B (€. 1, Li)

5-Metkhyl-1-hexene + HBr, peroxides ——> {(G H,Br)

C+B —— D (Cyglye)

D + H,, Lindlar catalyst ——> E (C, qH;4 ]

’

E + a peroxybenzoic and ——> Disparlure ({4 H;30)

Optically inactive
What is the structure of dispariure?

Unlike the product obtained above,; the natural
pheromone is optically active. By looking at tho
structure of the molecule, deduce what the ontical
activity is due to.

END OF EXAMINATIiION
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1. (a) Treatment of the alkaloid A with excess dimethyl suplhate
and aqueous sodium hydroxide unexpectedly gave 2
compound B in good yield. GSuggest & reasonablie mechahism
to explain the formation of the unanticipated product B.

HO

AN\ B

—————

(b) Using the disconnection approach, devise a svnthesis of
the alkaloid C from readily available non-heterocyclic
starting materials. Show your analysis.

2/...



2. (a) (i) Briefly explain how penicillins are inactivated
by Gram-positive cocci.

{ii) Penicillin sulphoxide, 2)can be transformed into
a more potent anti-biotic cephalosporin, F,as
shown below.

O
H 4\ »
S |
O N "/CHB _._%.__—) o’ //m,\\l\);c-c =
o z ve “ren
COOCHZ Flux © T Chs
D cO "/CH__)
T .F_‘ + T
: - ~ f : Y T Uf‘f.-'
wheve |Ac,0 = Acetic anhydyide - | bt

This reactibn is thought to proceed via a sulfenic

anhydride intermediate, E.
= O

!

\TTT/’PJf:I*__Taﬂ i;FiZ
COOCH 3

~ On this basis suggest a plausible mechznism for the
above reaction.



(C

13810

(b)

G

——ntion

(a)

NO,F)

() Deduce the struciure of a potent anti-bacterial
agent I. Show the structures of all the
intermediates involved.

.

Uimethyl formamide 1. AiCi.,
cocl - :
( )2 (Product ) 4-fluoro-benzreyl chlnride y G
. -~ ) 7
ClCHZCn?Cl,ﬁ 2. 50% aqueous XKCH
. n
{EtO)Z-—CHZCOOEt . H?NOH.HCIy
- 7/ H Et,N
anhydrous KZCOS’ — ~ 3 _ :> T
absolute EtCH, A ——j 1 e
(ii) Give the mechanism of the reaction iavolved in the

formation of H from G.
Deduce the structure of a disaccharide X, C1¢H7?311p

from the following data. G5how your reasoning.

Acid hydrolysis of X gave J-glucose and a I-zldnhexose J.
Exhaustive methylation of X followed by mi:id neid
hydrolysis produced 2,3,4-tri-O-methyl-D-gincose and
2,3,4,6-tetra-0O-methyl derivative of J in equinolar ratio.
Sodium borohydride reductivn of J gave an ootically
inactive compound K, C6H1406‘ Ruff degradatinm of J
produced an aldopentose L, which was oxidized by dilute
nitric acid tc an optically active dicarboxrylic acid,
E)CSHBG7' o
COMPOUND X: HMMR (DZG, 6C MHz); & (ppmj:

5.6 (&, 1H, J = 7.8 Hz); 5.4 (4, 1¥, 5 = 7.4 dz) +

other signals at 84.5 - 3 integrating fox v he

1

remaining protons.



3. (b) Show clearly how the frilowing transfermati-ns vay te

-

achieved in good yield,

(1) J-glucose --—~-------% 3-amino-3-deox’-B-gluccse
(ii} Y
ii
’ oA
3 T\N‘H
OH ’\;AO
|
Heﬁ O
H
H H

4. (a) Labelling experiments have shown that comp ouad P ois the
key intermediate in the bicsynthesis of alka.cids Q and R
in plants.

On this basis propose z plausible biogenetic pathuny for

compounds Q and R from the key intermediate . Explain

the reactions invelved in yocur proposal.




5.

(b)

(2)

(b)

Suggest mechanisms of the following reacii ns

) NaOH N
EXQH

: 3
Imoe Hy, <H3 \.4/\,/ ™\
g
/ ~~r”
S
<

Ccnsider the reacticn »f an allyl anion with 25 rily)d
cation from the crbital symmetry point cf v e,

Show which of the foliowing frontier molecu’ =r orbital
interactions is more important in this reacti u.

3 ¥ 2%
(i) HOMGallyl caticn/“URdallyl anion
(i1) HOMOallyl anion/LuM@ailyl catinmn
Give the mechanism and stereochemistry of th- »nro’uct for
the follewing reactinn.




- 6 -

6. {(8) Fxpiain the following reacticns in terms of orhiral
syzmetry rules and deduce the sterecchemisiry of the

products U and V.
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(b) Suggest a stepwise synthesis of ONE of the following
anti-bacterial agents from readily availabie storting

materials.

™
P¢ Cfﬂ:ﬁ \ <
‘ H N._ //c
~ =
I |
( ) s}\l ————Ig

(c) Explain the most likely mode of anti-bacterial nction
of compound (II) shown in guestion 6(b) above.

-—*——.—_-_——-n_—n(-_—_-—_-_—-—.-—_—_..._-—n-——.._-_-——_—_———m.-r..‘..... .....

END OF EXAMINATION
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C460

PHYSICAL CHEMISTRY

PAPER I

TIME: THREE HOURS
ANSWER ANY FOUR QUESTIONS

USEFUL INFORMATION:

c = 2.998 x 108 ms!
h = 6.626 x 10°°% Js
Ny= 6.022 x 10%% mo1”]
m_= 9.109 x 10731 k&
m,= 1.673 x 10727 kg
F = 9.6485 x 10 ¢ mo17!
= 23.060 cal mo1”! cv'!
K - 1.381 x 10°23 I K
R =28.314 J K1 mo1™?!
-1

1.987 cal k"1 mo1

"

0.082 L atm K~ ! mo1”1



I. (a) Write down a general eigenvalue equation and explain
it by giving a suitable example.

(b) I1f P = _%i— and 6 = x and f(x) = xz + 2x + 1

Are the operators commutative? What is the value
of the commutator?

2
(c) What do you understand by Vv and Vv . What are the
2. . .
values of v in cartesian and polar coordinates?

(d) Show that if the e1genfunct10ns of two operators
A and B are the same functions A and B commute
with each other.

(e) Define a conservative system. Illustrate by two
examples that both the definitions are alike.

(f) Define Hamiltonian function and show that for a
conservative system it is equivalent to the total
energy of the system.

(g) Write down the equations of motion in Lagrangian
form and Hamiltonian form.
II. (a) Describe the evidence for the failure of classical
mechanics.
(b) Give the physical interpretation of the ¥ function.
(c) What are acceptable wave functions?

(d) Normalise the wave function

" X

¥ = {(constant) Sin (n

)

I1I. (a) What is a Hermitian operator? Prove that the
eigenvalues of a Hermitian operator are real.

(b) How are the operators for different observables
set? Construct the quantum mechanical operator
for the kinetic energy.



Iv.

(c)

(4)

(a)

(b)

(c)

(2)

(b)

(c)

(d)

N

On the basis of postulates of Quantum mechanics
derive the Schrodinger Wave equation.

State and explain Postulates IV and V of Quantum
mechanics.

Calculate the allowed wave functions and energies
for a particle constrained to move in a One
dimensional box.

Show that a particle in a One dimensional box
cannot have a definitely known momentum and that
the average value of the momentum is Zero.

Find the wavelength of the light emitted when a
-27
I x 10

box goes from the n=2 to n=1 ‘evel.

g: particle in a "3-A"" One dimensional

What are the methods used for obtaining solutions
to the wave equation in a system having more than
one electron? Explain one of these.

Obtain an expression for the energy of an electron
in a hydrogen atom or hydrogen like ion.

Give the physical significance of Hydrogen like
orbitals. What do you understand by Radial
distribution function?

In Hydrogen atom write the expression for the
Radial function R(r) when normalised.

END OF EXAMINATION
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UNIVERSITY SXAVIWATICHNS - OCTOBER/NOVEMBER ¢ ).

C460
PHYSICAL CHEMISTRY

PAPER 11

TIME: . THREE HOURS
ANSWER ANY FOUR QUESTIONS

USEFUL INFORMATION:

= 2.998 x 10® ms7!
h = 6.626 x 10757 3z
N, = 6.022 x 102%™
m_ = 9.109 x 1073 3
m, = 1.673 x 10~ 27
F = 9.6485 x 10% ¢ mo17?!
- 23,060 cal mol ! cv!
¢ = 1.381 x 10723 9K
R = 8.314 JK ! mo17?!
- 1.987 cal X! mo17?!
-1

= 0.082 L atm K ! mol



II.

I1I.

(a)

(b)

(c)
(d)

(a)

(b)

(c)

(4)

(a)

(b)

(c)

Show that [L L] i

where ii are operators for components of angular
momentum. What can you conclude about the
possibility of simultaneously measuring two
different components of the angular momentum of

a particle?

What are Ladder operators? How can the computation
of L2 be simplified by its use?

What are the postulates of Spin Angular ¥omentum?

What are atomic units of mass, charge, length,
Angular momentum and Energy? Express Hamiltoainan
in atomic units.

Express the rota*ional part of the energy in terms
of frequency and wave numbers.

The first line in the rotation spectrum of CO has
been measured as 3.84235 cm-l. Calculate the

moment of inertia 2nd hence the bond length.

35Cl from the

fact that the fundamental vibration frequency is

8.667 x 1013 s 1,

Calculate the force constant for H

Compare the oscillation frequency of 2 harmoaic
oscillator and an anharmonic oscillator. Give
the selection rule in both the cases.

Discuss the Vibration-rotation spectrz of =
diatomic molecule.

Describe the different contributions £o the
Polarization.

Calcuiate the value of the nuclear magnz2t-n. How

is it related to Bohr magneton?



(d) Calculate the magnetic field strength required to
give a precessional frequency of 9500 Miz for a
free electron.

28 1

(g, = 2.0023; = 9.2741 x 1074° 370 )

s

(a) Derive Maxwells Distribution Law for the distribution
function for the x component of velocity in a gas.

(b) Obtain expressions for most probable speed vp and
Mean speed <v>. '

(c) Calculate the rms speed of Nitrogen molecules at
25°C. For nitroger molecules M has the value
28.02g.

(d) For oxygen at 25°C the collision diameter is
0.361n. What is the mean free path at I atnm
pressure?

(a) State a:¢ explain the concept of an Ensemble of
a system. What are (i) Canonical (i1) Microca-
nonical and (iii) Grand canonical ensembles?

(b) How can the following thermodynamic quantities be
expressed in terms of the Partition function Q7

Give the derivations.

(i) Internal Energy

(ii) Entropy
(iii) Helmholtz energy and
(iv) Enthalpy

(c) Give the expressions for

(i) Translational Partition function for a
perfect g=s.

(ii) Rotational Partition function for o diatomic

molzscule.

(iii) Electronic Partition functions of atons and



(iv) Vibrational Partition function for =«

diatomic molecule.

(d) Calculate the characteristic vibrational
temperature (::% and the vibrational partition
function q, for Hydrogen gas at 3000 K. The
fundamental ribration freluency is 4405.3 cmnl

»

END OF EXAMINATION
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CA2190

ANALYTICAL CHEMISTRY

TIME:  ONE (1) HOURS
ANSWER ANY TWO QUESTIONS

1. (a) Distinguish between the following forms of the student
t test

(i) t-test when an accepted value is known
(1i) Paired t test
(iii) t test with multiple samples

(b) What is a Q test and what is it used foxr?

(c) What is an F test and what is it used for?

(d) You are developing a new colorimetric methoc o7
determining the glucose content of a blood sample.
You have chosen the standard Folin-Wu method with
which to compare your results. From the followving
two sets of replicate analyses on the same samdle
determine whether the variance of your method liifers
significantly from that of the standard method.

Your Methcd, mg/L Folin-Wu Method 1mng,L
127 130
125 128
123 131
130 129
131 127
126 125
129
Mean (xl) = 127 Mean (xz} = 128
The tabulated F value for v, = 6 and\& = 5 is £.95
The tabulated F value forv, =7 and v, = 6 is ¢.21

1 2



(a)

(b)

(<)

(a)

(b)

(c)

Explain or define the following:

(1) Gravimetric factor

(ii) Precipitation from homogeneous solutior {PFHS)
(iii) Common Ion and Diverse Ion effects |
(iv) Solubility product (Ksp)

(v) Occlusion, surface adsorption and post precipitation

(vi) Coprecipitation in the broad and restricied senses.

~}
Ten milliliters of 0.20 M AgNO_ is added to 10 mL of
0.10 M NaCl. Calculate the concentration of C1~ remaining
in solution at equilibrium and the solubility of the AgCl.

K__ for AgCl = 1.0 x 10 !°

sp

What is the solubility of PbSQ,, in g/L, if the solubility

product is 1.6 x 107°,

Molecular Mass of Pbsq’ = 303.26

Explain the following terms

(i) Strong electrolyte and a weak electrolyte
(ii) Brgnsted acid-base theory
(iii) Conjugate acid and conjugate base

(iv) Lewis acid-base theory

(v) pH of a solution as defined by S¢grenson.
(vi) Buffer solution

Calculate the pH of a buffer solution preparasd by
adding 10mL of 0.10 M acetic acid to 20 mL of 0.10 M

sodium acetate.
5

i

Ka for acetic acid 1.75 x 10~

A buffer solution is 0.20 M in acetic acid and sodium
acetate. Calculate the change in pH upon adding 1.0 mL
of 0.10 M hydrochloric acid to 10 mL of this buffer
solution.

Ka for acetic acid = 1.75 x 10°°

END 'OF EXAMINATION
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UNIVERSITY EXAMINATIONS - OCTOBER/NOVEMBER 1995

€140
INTRODUCTION TO HUMAN GEOGRAPHY

PAPER X

THREE HOURS

ANSWER: FOUR QUESTIONS - TWO FROM EACH SECTION

NCOTE: ILLUSTRATE YOUR ANSWERS WHEREVER POSSIBLE. USE
OF AN APPROVED ATLAS IS ALLOWED.
SECTION A
Ql. With the use of examples, state the importance of

QzZ.

Q3.

Q4.

Q5.

Q6.

Q7.

Q8.

modifying the Hagerstrand model before its applicition
to Developing countries.

With the aid of diagrams, explain how labour costs and
economies of agglomeration affect the location of aa
industry according to Alfred Weber.

Describe the contrasts in the derivation of the ¥ - wvalue
between the traffic principle and the marketing prainciple.

Use diagrams to illustraie your answers.

Describe the Zomnal theory of Urban Morphology.

“ .

SECTION B

Evaluate the view that culture is the Key to

socio-economic development.

Give differences between women in development znd Geader
and development?

Assess the view that Industraiization has not adcgunrtely
diffused to Africa and suggest what needs to be done to
achieve such development.

'Rapid population growth is the root cause of poverty in
some developing countries tod:y,’ Discuss.

END OF EXAMINA" ICN
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G140
INTRODUCTION TO HUMAN GEOGRAPHY

PAPER I1 PRACTICAL

TIME: THREE HOURS COMPUTER NO:

ANSWER: ALL QUESTIONS IN SECTIONS A AND B AND TWC IN SECTION
C. THE USE OF ELECTRONIC CALCULATORS ANii AN APPROVED
ATLAS 1S ALLOWED.

SECTION A

MAP READING

Q1. (a) Why should every good map have a legend?

(b) What is the basic difference between a four figure
and six figure grid references?

(c) What is an auxillary contour and how does it differ
from ordinary contours on a topographical map?

(d) What is the basic difference between a spot height
and a precise bench-mark?



Q2.

(e)

(2)

(b)

(c)

(d)

What do you understand by ‘the term map projection?

What is the difference between oblique and vertical
air photographs?

Calculate the scale of an air photograph if the
camera used has a focal length of 20cm and the
aircraft is flying at an average height of 1000
metres.

Air photographs are taken in such a way that
exposures are timed te allow a 60% forward overlap
between successive photographs in the same strip
and also 2 25% lateral overlap between zdjacent
strips. What term do geographers use to describe
pairs of photographs that overlap in this way?

What is the name of the devise that allows one to
view two overlapping air-photos taken from slightly

different points of view at the same time?”



{e) Briefly explain how maps and air photos complement
each other?

(2) Calculate the vertical exaggeration for 2 nrofile
drawn with a2 vertical scale of
1:100000 and a horizontal scale of
1:306000 (show 211 work)

(b) Draw a linear scale in the space below in metric
units for a map drawn at the scale of 1:1400600
given that the maximum space available is 17
centimetres (show all work).

(c) Express 1:100000 as a2 scale in words (show 211 work)

(d) Express 5 centimetres to one kilometre as a

representative fraction (show all work)



(e) A senior geograpliy student wanted to draw = nap on

a scale of 1:50000 on A4 paper. On realizing thot
the map would not fit in the space availabie he
decided to reduce the map five times. What is the
scale of the reduced map?

Q4. Use topographic map sheet 1332 D1 to answer this cuestion.

(2)

(b)

(c)

(d)

Identify the features found a2t the following grid
references:

(i) 675926

{(i1) 695951

Using the square method calculate the approximate
area covered by Chipata municipal or townsain aryea?

What is the average gradient along the municipnl
boundary from grid reference 611891 near the foot
of Kanjala hill to grid reference 595818 uesr the

summit in degrees?

Calculate the approximate Jdistance in Kilcmetres
of the D123 road from the road junction in gric

square 5693 to the cdge of the map in grid scurr-
4592.




(e) Calculate the grid bearing of the trigonometrical
station in grid square 5099 from the road junction
in grid square 5993,

Q5. Using the sheet of A4 metric graph paper provided, draw
a straight-line profile along easting 49 from grid
reference 490840 to grid reference 490952. Use 2
vertical scale of 1 centimetre to 100 metres. On your

profile show the positions of the following:

(i) Lutembwe and Msekerz strezms
(ii) the roads to Katete and Ksoro

(iii) the power line

SECTION B:
MAP INTERPRETATION

Use map extract 1332 D1 in ansvwering questions in this
section. In the answer booklet provided:

Q6. (a) Name the drainage pattern that describes the
Lutembwe stream and its tributaries and brizfly
explain how relief has influenced this drainnge
pattern

(b) How does the drainage pattern you have identified
in
(a) differ from a radial pattern?
Q7. (a) Draw a map at a scale of 1:200000 showing ns:jor

physiographic regions of the area covered bv the
map sheet.

(b) Name and describe each region you have id:ntified.




Q8. (a) Explain the meaning of a "settiement pattern®.

(b) Why is the site two kilometres north of S$it. Aano’s
Mission (grid reference square 6293) not ideal for
settlement?

(c) What major factors do you think were taken into
consideration when choosing the settlement of

Chipata town (use map evidence only).
SECTION C

Q9. By the use of an appropriate index, determinc the
centrality of localities whose service types are

contained in Table 1 and comment on your results.

Table 1: Service types by locality in Country X

Service Type LOCALITY
A B C b Total in
town X

1. Banking 0 1 12 2 18
2. Hotel 0 2 4 0 8
3. G/shops 3 5 26 10 63
4. Health 0 1 3 1 5
5. G/markets 1 0 3 1 7

Q10. Show the cartographic technique you can use in annalysing
the population composition of country Y given in Table 2

and briefly describe the emerging population structure.




Q1L

§
“\

Q12.

Table 2: Population Distribution by Age/Sex Country Y,

1680
Age Group Male Female
0-4 410,880 480,110
5-9 310,001 350,778
10-14 190,170 201,710
15-19 150,117 178,701
20-24 131,781 132,802
25-29 120,817 124,789
30-34 98,171 108,890
35-39 70,501 70,200
50-44 38,390 55,701
45-49 36,170 43,901
50-54 24,812 39,907
55-5¢ 20,907 37,101
60-64 18,170 30,709
65-69 15,901 20,701
70+ 10,101 18,178

Using data given in Table 3, estimate the lifetime
inter-district migration in Central Province and give
factors influencing the pattern obtained.

Table 3: Life-time inter-district migration central

province
Place of P1l1ace o £ EnumerT ot ion
birth
1 2 3 4 5

1. Kabwe R. 133,165 3244 1987 2733 620
2. Kabwe 1. 8125 77891 4038 1759 1991
3. Mumbwa 3742 1203 80183 914 137
4. Mkushi 2974 3034 265 70726 1171
5. Serenje 1524 2937 433D 478 52543

Source, CSO (1995), 199C Censgs of Population and Housing
Final Report.

Given the poverty line of X3,500, assess the spatial
poverty situation in country X by the use of d=ta in
Table 4 and interpret your findings. All the calculation

must be shown.




Table 4: House hold income by Regions Country X, 1943

REGION HH-1 HH-2 HH-3 HH- 4 Pop(N) Sample(n)
A K5,200 3,670 2,009 4,110 15 4
B X7,400 6,450 6,000 7,430 10 3
C K4,150 2,560 1,500 3,166 8 3
D K6,160 4,330 5,780 6,017 10 5

Q13. Table 5 presents an incomplete Life Table for males of
country X and Y:-

(a) Calculate the missing deaths (dx) (-)
(b) Estimate the Life expectancies at each age (?)

(c) Comment ca your results.

Table 5: Life Table for Males, country X and Y

Country X
n 1x dx gx Tx Eo
0 166,000 - 0.135 7521428 -
15 98,364 - 0.602 5945562 -
45 96,829 - 0.144 3024224 -
65 81,3045 - 5.125 1238647 -
95 12,507 - 0.930 4293 -
100 167 - 1.360¢ 263 -
Country Y
Lx dx qx Tx Eo
12C,000 - 0.127 7499887 -
99,188 - 6.003 6007435 -
95,971 - £.153 2997983 -
80,177 - 0.110 1074889 -
13,008 - 0.911 3997 -
96 - 0.988§ 245 -

END OF EXAMINATION
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Intermediate Physical Geoqgraphy

Time Three hours o
Answer Question one and thres othars. :
Note Question one carrvies 404 of the total marks for the
' paper. Candiadates are advised to use their time
accordingly. Illustrations and examples should be used
wherever appropriate. Use of a calculator is allowed.

1. The International Development Bank (IDE) i thinking of
setting up & small scale project on  fish  farming near
Chililambombwe, Copperbelt. '

The idea is to use & small lake (BS Km square) within the
Munyonshi river catchment "arga for this project.

At a hydrlogical station along the river, the wet cross section
measuwres 79 om deep and 149 om wide. s

The catochment area upstream the hydrological station measures 412
Em sguare. .

Using the climatological data From the nearest meteorological
station, determineg  whether there is enough water to make this
project a succes and caloculate the average waterspesd in the .

river abt the hydrological station.

Month o Cmm) Eea  Lmm? Month o (mim) Ea {mm)

JET. 28 . a1 July 78
Feti. 6 35 XU e
March 40 8 HSept. 115
Aol 10 13 Oot. 85

Mevy = 21 Nov. 7E b
Juine O 27 Dec. 48 39

~

“. &) Describe and explain the daily cvole of local winds in Lake
Fariba arsa.

) Calcualate the Figurs o evaporation from  the lake by
using the data from Lusitu boma: ’
Frecipitation 430 mm/ysar
Temperature 28.2 degr. C.
Lake Fariba measures on the 1: 1500000 map roughly 1.5 by 17 cm.

F. With the aid of a diagram, explain and name the earth swfacs
wind systems and how the change in the position of the earth in
relation to  the sun duwring the vyeasr, affects the garth surface
windsvstems. '

Explain this in relation to the climate




4. With the aid of a diagram, describe the
‘ap@rafion of the Fullaw;nq instrumentss

a sun shine recordar,

an altlmetrr,

self lecordlnq hyqroneter and

minimax thermomaeter.

oW

-~

J. Explain the use of a lysimeter and, ir

structure and the

relation with this,

discuss the results of the research, done by Frofessor Panmﬁnn at
"Rothamsted Experimental Station, Harpendon, England" in the

beginning of this century.

6. Explain the processes associated Qith all of the Fallbwing:

rainfall at a warm front,

thunderstorm with hail, , :

mid summer night sun within 66,5 daqr 5. and
th@ dry and wet adlabatla rate.
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TIME:
ANSWER:

NOTE:

G220 11
GEOMORPHOLOGY

THREE HOURS
QUESTION ONE AND THREE OTHERS

QUESTION ONE CARRIES 40% OF THE TOTAL MARKS FOR THE
PAPER. CANDIDATES ARE ADVISED TO USE THEIR TIME
ACCORDINGLY. ILLUSTRATIONS AND EXAMPLES SHOULD BE
USED WHEREVER APPROPRIATE.

USE OF A CALCULATOR IS ALLOWED.

1. Write explanatory notes on all of the follcwing:

(2)
(b)
(c)
(d)
(e)
(£)
(8)
(h)
(i)
(3)

Geographical cycle

Ignecus rock

Principle of uniformitcrianism
Pools and riffles

Stalactites

Turbulent and laminor flow
Solifluction

Bifurcation ratic

Fluvial terraces

Seif dune

2. Climate affects gecmorphic processes both directly and

indirectly. Discuss

3. Define the term metamcyphism, and show how the process 15

related to the theory of plate tectonics.

ee/2



How has volcanism contributed t< the origin and growth of
continental and oceanic crust?

Discuss the fact~rs that create differentizl weathering and

ernsion.

One cculd imagine a bornhardt dome appearing as a consequence

cf any of the three different processes. Explain.

END OF EXAMINATION
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INTRODUCTION TO PHYSICAL GEQGRAPHY

BIOGEOQGRAPHY AND _SOQILS

TIME: THREE HOURS

ANSWER: FOUR QUESTIONS, TWO FROM SECTION A& AND TWO OTHERS FROM

SECTION R. ALL QUESTIONS 'CARRY FQUAL MARKS

THE USE OF AN APPROVED ATLAS IS ALLOWED.

POSSIRLE TO TLLUSTRATE YOUR ANSWER.

&)

SECTIAON A: RIOGEQGRAPHY

Write short explanatory notes on all of the following

) Eutyophication

) Charvacteristics of population growth
(¢) Detritus food web

) Riogeochemical cycles

) Ecological efficiency

Discuss the underlying trends in the process of succession.

Descyibe the chavacteristics of a species and its habitat
that would produce lavge population fluctuations #and
contrast those that would promote small population
fluctuations.

Functional and Rinomial classifications of ovganisms are
commonly used in biogeography. Describe with examples how
these two classifications are used and indicate one
advantage and disadvantage of each.



n

4

SECTION R: SOILS

Describe the processes of zoil formation and illustrate your
answaer with an example of a soil type.

(a) Explain how soils naturally become acidic in the humid
tvopic

(b)) What are the problems of acidic soils and how do you
amaliovate them?

Tn what ways may climate influence soil type in the
following envivonments if the pavent matevial was basalt

a semi-avid area
n oa huimld avea.

e e
P

NN
-

T
LN 4

.

te a brief account of each of the following

cmol/kg as unit of measure of cation exchange capacity
Isomorphous substitution

Soil salinity

UaDA soll classification

Alfisols

)
AN AN
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G220

INTRODUCTION TO PHYSICAL GEOGRAPHY

PAPER 111
BIOGEOGRAPHY AND SOILS

TIME: THREE HOURS

ANSWER: FOUR QUESTIONS, TWO FROM SECTION A AND TWO OTHERS
FROM SECTION B. ALL QUESTIONS CARRY EQUAIL MAKKS.
THE USE OF AN APPROVED ATLAS IS ALLOWED. YOU ARE
ENCOURAGED TO USE MAPS ANL DIAGRAMS WHEREVER
POSSIBLE TO ILLUSTRATE YOUK ANSWER.

SECTION A: BIOGEOGRAPHY
1. Discuss how topography and abiotic influences limit the

distribution of plants and animals.

How do Tropical forests and the Boreal forests or Taiga

respond to climatic conditions?

(a)

(b)

Discuss with examples two types of competition and
how they affect population distribution of an
organism.

How do organisms prevent competition among themselves?

Write short explanatory notes on all of the following:

(a)
(b)
(c)
(d)
(e)

Binomial nomenclature

Logistic and Malthusian pcpulation growth patterns
Nitrification in the Nitrogen cycle

Standing Biomass

Net and Gross Primary Productivity



SECTION B: SOILS

The soils in the high rainfall area of Zambia are suid
to be acidic a2nd have low fertility. Explain the cnuses
for the acidity and low fertility with respect to at

least four of the main soil forming processes.

{(a) What is Cation Exchange Capacity (CEC) and how does
it develop in soils?

(b) Explain the possibility of 2 soil with high CEC
having low soil fertility status.

How does time affect soil formation and how can you teil
the age of 2 so0il? Illustrate with examples the nge of
soils with respect to Alfisols, Ultisols, Inceptiscls
and Oxisols.

Distinguish between the following

(2) humus and mottles

(b) Soil reaction and Base saturation
(c) 1eaching and erosion

(d) texture and structure

(e) parent material and concretions

END OF EXAMINATION
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CARTOGRAPHIC AND QUANTITATIVE TECHNIQUES IN GEOGRAPHY
PAPER II: DATA PROCESSING AND PRESENTATION
TIME: THREE HOURS

ANSVER: THREE QUESTIONS, TVO FROX SECTION A AND ONE FROK SECTION B

SECTION A: STATISTICAL GRAPHS AND DIAGRAMS

Q}/ Examine the data given in the table below extracted from records
u of the sales achieved by staff of Chonzi and Company Limited in

19944,
Sales (K'000) Frequency
Under 3 2
3 and under 6 10
6 and under 9 12
9 and under 12 15
12 and under 18 10

18 and under 21

21 and over

(a) Using the data given in the table above, comstruct a
histogram.

(b) Briefly explain the basic difference between a histogram
and a simple bar chart.



QZ, Geo-information systems Limited has produced an annual report
which inciudes the following information relating to the
company's cash flow with comparative "data from the previous year,

-
m

o

"
) _ﬁ]
Fs
"
1L
i

alaries co co O

T1
axation 20 16 &)

LW
11}

el

Interest on Loans

Renewal of Equipment

ment Costis 24 EQQ>

e
e

nves

Repairs = 61) =

Totals YA} 120

{al Using the data given in the table above show, the change 1n
circumstances from 1993 10 1594

a
534 in relative terms using the
most appropriate statistical technique,

1
H
i
i

(b) Eriefly discuss the merits and limitations of the method
you have selected,

93, (a) Use the most appropriate technigue o show the data provided
in the table below on a single diagram,

Monthe Jan Feb Mar Apr May Jun Jul Aug Sep UOct Nov  Dec

Tewp °C 21 21 20 i7 [R= 12 13 13 14 i5 ig 20
Ppt (mml) 13 i5 23 45 37 Pt Za 56 55 43 28 20

Station: Capsiown, Location, . B7E

{bi Briefly comment on the relalicnship between rainfall and
temperature ang their disiribution from January to December,



You have been appointed persomal assistant to the production
manager of the University Fress, it 4s planned to present
information to the studenits i1n an attempt to encourage greater
interest in the business operations of the University Fress,
You have been requested to contribute to this by providing
suitable data presentations, The relevant data is as follows:

Year 1394 (3= 992 1931
Sales &0 oE 45 A6
Wages 25 2 I 13
Production Costs ] = 5 4
Flaterial Costs iz ) 13 i
Taxaticon O 3 1 z
gther Costs a 7 g g
Frofit i 4 2 &

]

{a) Prepare a visual display to show sales,

th) Eriefly comment on ithe advantages ang disadvantages of the
method vou have used,

SECTION B STATISTICAL MAFPFPING

{a) Using the outline map of an imagii
provided and the informati i
iati

ity of Chonzi
i i
ion density map of the

iow, construct

L5g, Bl Population (19907

]
~
I
i
-
o

Tiza =N 260 495
Yeni 7,71E ABE (33
Adssa 375,445

(b1 EBriefly explaln whal other informatlon vou would require if

oU weTe asked Lo construct a disitribution of population
1o

T

X

7}
H]



Fod \

. tal Un the outline map of Fambia Frovided with provincial
boundaries marked, represent the data in the table below
using the most appropriate statistical technique

Province Male (70040) Female ('000] Toetal ('000)
Copperbeit S00 750 1,580
Lusaka 610 600 1,210
Eastern 470 504 970
Luapula 260 27G 530
Southern 470 430 S50
Central 420 450 270
Morth Western 120 200 380
Western 280 330 &10
Zambia 3,850 3,380 7,830

{b} Eriefly comment on the merits and limitations of the method
you have wsed,



Q7. f{a) On the outline map of Brazil with seiected towns angd cities
marked, show the relative populations of the towns using
a method of your own choice, -

Town Fopulation (1370)
Sao Paulo §,901 ,533
Ric de Janeirao 4,296 732
Belo Horizonte ‘ 1,232,703
Recife i,078,819
Salvador i,000,647
Porto Alegre aah, 587
Fortaleze 542,231
Belen 647 Li4
Curitiba i3, 227
Brasiiia 544,862

(B} What other method can you use to show the data given in the
tabkle above and what are the advantages of the method you
have used ogver the one you have mentioned,

EMD OF EXAMINATION
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G230 CORRESPONDENCE

CARTOGRAPHIC AND QUANTITATIVE TECHNIQUES IN GEOGRAPHY

CARTOGRAPHIC TECHNIQUES

PAPER 11

TIME: THREE HOURS

ANSWER: THREE QUESTIONS - TWO FROM SECTION A AND ONE FROH

SECTION B.

THE USE OF AN APPROVED ATLAS AND ELECTRONIC CALCULATORS
IS ALLOWED.

Q1.

SECTION A
STATISTICAL DIAGRAMS

The data given in table 1 below represent the masses

of sixty male rats. The sample was obtained from a
population of male rats, using a table of random numbers
to guarantee that the sample was random. The weights

are arranged in order of magnitude in ascending order.

Table 1: Masses of Male Rats in grams

18.2 21.8 23.4 24.5 26.3 28.1
18.8 21.9 23.4 24.7 26.3 28.1
19.4 22.2 23.7 24.8 26.3 28.3
19.7 22.3 23.9 24.8 26.6 29.1
20.2 22.5 23.9 24.9 26.8 29.9
20.5 22.7 24.1 25.2 27.0 30.1
20.6 23.2 24.2 25.3 27.1 30.2
20.8 23.2 24.3 25.3 27.5 31.8
21.6 23.2 24.4 25.5 27.7 32.1
21.7 23.3 24.5 25.9 27.8 32.8

(a) Construct a frequency distribution of male rat
weights beginning with a weight of 18.2 grams.



Q2.

Q3.

{(b) (i) How many rats had a weight of less than

25.6 grams.

(ii) How many rats had a weight of 20 grams and
more.

(c) Sketch a histogram for the masses of male rats.

i

A class of Geography students at the University of
Zambia conducted a land use study of Chipata and its
hinterland in 1995 during a field course survey.
Table 2 below shows the result:

Table 2: Land use in Chipata and its Hinterland

Land Use Category %
Grassland 46
Arable Land 26
Woodland 13
Built-up area 10
Derelict Land S

You have been requested by the field course co-ordinator
to present the above data in a form suitable for display
on the Geography Department notice board. He wants the
data not only to be attractive but also easy to understand.
In order to provide the maximum flexibility for display

on the notice board, he wants two versions. Draw the two
versions highlighting the contribution of derelict land

to the overall land use of Chipata and its hinterland.

Use the most appropriate cartographic technique to show
the data given in table 3 below on 2 single diagram and
briefly comment on the relationship between temperature
and precipitation as shown on your diagram.



Table 3: Temgerature and Precipitation Figures for Harare
3

Position: 17

E. Attitude 135Zm

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Temp. Oc 21 21 20 12 16 14 13 16 19 22 22 21
Ppt.(mm) 191 188 114 25 13 0 0 3 8§ 28 94 147

Q4.

Qs.

SECTION B
STATISTICAL MAPFING

On the outline map of south-west France provided (Fig.1)
with district boundaries marked, construct a map using
the most appropriate statistical mapping technique
employing data given in table 4 below and then comment
on the merits and limitations of the method you have
used.

Table 4: District Population of S.W. France

District Area (km2) Population i
Gironde 10,726 935,448

Landes 9,364 260,395
Pyrennees

Atlantiques 7,712 , 466,038

Lot et Garonne 5,385 275,028
Dordogne 9,224 375,455

On the outline map of Zambia Fig.2 provided, construct
a map to show the number of airline passengers flying
between Lusaka International Airport and the provincial
towns listed in table 5 below and briefly comment on
the merits and limitations of the method you have used.



Table 5: Passenger Traffic from Lusaka International
Airport

-

Destination Number
Ndola 2697
Mansa 974
Kasama 2277
Chipata 2561
Livingstone 2996
Mongu 1436
Solwezi 1170
Kabwe 1775

END OF EXAMINATICN
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GEOGRAPHY OF AFRICA WITH SPECIAL REFERENCE TOC

[}
bl
o
Lot
=
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B
i

TIME: THREE HOUKS
ANSWER: FOUR QUESTIONS, ONE FROM SECTION A, ONE FROM SECTION B
AND TWO FROM SECTICON C.
NOTE CANDIDATES ARE ADVISED TO MAKE USE OF ILLUSTRATIONS
AND EXAMPLES WHEREVER APPROPRIATE. USE OF AN
APPROVED ATLAS 13 ALLOWED.
SECTION A Z
01 Write brief explanatory mnotes on all of the following:
{a) Problems associated with water transport in Easzt Afrzca
(b) The detrimental effects of the break-up of the
African Common Market on the economies of
states of Uganda, Tanzarnia and Kenva.
{c) Problems induced by rapid urban growth in East Afuvica.
(d¢) The negative effects of large scale tourism in East
Africa.
(e) The vicious cycle of poverty as it affects Tanzania in

her efforts to industrialize.
It has generally been observed that Kenya's trade gap widenad
sven further from the time of pelitical independeuce io
1963 to the early 1980s as illustrated in the table below:
T

Q
r

YEAR EXPORT VALUE IMPORT VALUE TRADE BALARC
(US$ MILLION) (US$ MILLION) (US$ MILLICN)
1959 76 148 - 72
1964 128 183 - u5
1970 177 - 326 ~ 149
1974 390 812 - g2z
1980 620 1400 - 789




e
Lﬁ\

24,

WO
3

W
[#3]

Briefly explain the reasons for tivis unfortunate ziais
affairs.

Outline the causes of the environmental crisis in
and suggest solutions to deal with it.

SECTION B

Outline the main features of ARfrican traditio
in the context of world religiens: and to what
Africans be considered nﬁforlaualv religious'?

Evaluate the view thst the ztrateg
development followed by the JJoLy
is a great success in comgpar
in the region.

EITHER

(a) Review South Africa's natural
discuss the ezxtent to which
over other countries in the
function of the said potenti

OR

{b) 5otswana's mining, agricultural and manufactu

industries are a testimony to show that South Africa
is the major =sconomic blood stream of the arid
country's economy. Discuss.

@

SECTION

Suggest ways in which Zambian farmers can cope with the
sistence of drought in the region.

s
1]

To what extent do pre-colonial Tribal Migrations ir
suggest unity in diversity in the emerq gent nation?

Write an essayv on the qdvantagﬁ and disadvantages
liberalized marketing in Zambia and evaluate the pot
of the strategy in boosting zmall-holder agriculture.

Assess Zambis's tourism ngtunflal and suggest ways it which
it can be improved with the =im of att Lactlng more |

and foreign tourists and rais 3ing more revenue for
country.




d, the goverwnnent wili
conomy through tie
cuss.

711, 'Unless Zambia's economy is diver i
not guickly transform the country's e
Structural Adjustment Programme'. D1

P,
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RURAL GECOGRAPHY

ANY FOUR QUESTIONS, ALL QUESTIONS CARRY EQUAL MAREKS

ARE ADVISED TCO MAKE USE OF ILLUSTRATIONS AND
HEREVER APPR’PRLET“. USE OF AN APPROVED ATLAS

1. Define Rural Geography and show its relationship to
dgricultural Geography.

2. Expiain the steps to be undertaken in conducting a
Tarticipatory Rural Appraisal (PRA) and evaluate its

usefulness.

3. Show how water and land rights in rural Botswana are being
contested by different users, and what lessons can be
iearned by other African countries.

. What factors account fcr the eveluticn of permanent house
types and settlements in rural Zambia?

fix

5. Hu&t is the theoretical basis of the intsgrated approach
to -al development and to what exztent has this been
utilized in the promotion of rural development in Zambia?

‘th the use of examples evaluate the view that the cash
ing peasantry in &Africa is a colonial creation.

7. Discusz the effects of the Structural Adjustment FProgramme
on Rural Industrialisation in Zambia.

f=



TIME:

ANSWER:

MATERIALS:

THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATICNS - OCTOBER/NOVEMBER 194%

G 965
URBAN GEOGRAPHY

¢ 2omd wo

FOUR QUESTIONS - QUESTION ONE (1) ANDﬁ?NY OTHER *RRTE (W

THREE (3) HOURS

USE OF A CALCULATOR IS ALLOWED

ONE (1) GRAPH PAPER

Ql. By the use cof the "Rank-size Rule” and "Primacy" conceptis,
describe and analyse the distribution of the urban
population of large urban areas of Zambia over time from
the census data given in the table 1:

All

Table 1:

calculations must be shown:-

Population distribution of large urban areas of
Zambia, 1980 and 1990.

k%

Urban Area Urban Population
1980 1990

Chingola 130,872 142,383
Chililabombwe 56,582 48,055
Kabwe 136,006 154,318
Kalulushi 53,383 31,474
Kitwe 283,962 288,602
Livingstone 61,296 76,875
Luanshva 113,420 118,143
Lusaka £38.830 769,353
Mufulira 138,824 123,936
Ndola 250,502 229.228

Source: CS80.

1980 and 1990 Census final Reports.



Q2. Write brief notes on all of the feollowing:-

(i) Johnston's approaches in the study of contempovary
Urkan Geography.

-~

{ii) Nodality and Hierarchy of urban centres.
{(iid) Theories of urban and regional growth.
(iv) Sector and Multiple nuclei models.

(v) Elements and aspects of the RUF.

3. Discuss the major determinants of rapid urbanisation in
Zambia since 1986,

r:! State and explain major problems hindering town planni
efforts by local governments in Zambiz today and sugges
possible solutions.

05. Give possible reasons for fertility and mortality
ifferentials by locality type in African countries.

06. Evaluate previous government's efforts aimed at prov
cheap and affordable accommodation to the majorits
population and show how these differ from the current
proposed Housing strategyv policy of the Ministry ot
Local Government and Housing?

WD
i

. "Mere and wore urban folks are being marginalised by
animal called SAP...." How realistic is this stat
with respect to the status of the urban poor and
environment?

END OF EXAMINATION

[N
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N

THE GECGRAPHY OF NATURAL RESOURCES

THREE HOURS

ANSWER: ANY FCUR QUESTIONS

'The population problem is not a problem of the absolute
number of pecple using the environmental resources o: 1
given ovcuoled space, but that of the level of te: i
advancement. Evaluate this view with respect to poi u*at-un
control as an ecological imperative for sustainable use of
the African environment.

It has generally been suggested that natural processes oan
be assisted in order to aveid waste accumulation in the
environment. Briefly explain how this can be accompliched.

To what extent does the "sharing ethic of the spacezhip
earth' give credence to giobal environmental conventions

Compare and contrast the Malthusian and the neo-Mal:thusian
views concerning population and resource relationships.

Assuming drought is endemic on the African continent, show
why today traditional societies bear the most social impact
of drought.

Kenneth Boulding {1968) described the current economic svstems
as '‘cowboy' and 'spaceman.' With the help of examples,
explain the major-differences between these two economic
systems.

Either

{a) With reference to either forest cr wildlife resourcesn,
assess the success of the control based approzch fo
environmental management in Zambia.

{a) Outline the circumstances under which environ
management merely becomes a th=coretical cono:
strategy.

END OF EXAMINATION
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CARTOGRAPHY
TIME: THREE (2) HOURS
ANSWER: FOUR QUESTIONS
NOTE

CANDIDATES SHOULD USE DIAGRAMS AND EXAMPLES WHEREVER RELEVANT.
USE OF AN APPROVED ATLAS IS ALLOWED.

1. Write brief explanatory notes on five of the followinu:

(a) Dasymetric mapping

{b)}Y Portnlan Charts

{c¢) Hill shading

(d) 'T in €' maps

(e} The work of Gerardu Mercator
(f£) Conformal projections

2. Explain the ways in which geographic data may be illustrated
on a monochrome map.

3. Discuss the factors yvou would consider in designing and
producing a tourist map, to be printed in multi-colour.

Explain why cartographic generalization is so vital in
mapping.

e

5. It has been suggested that the centent and nature of maps
is influenced both by available technology and perceived
map needs. Discuss this in relation to the Cartographic
history of Zambia.

5. 'Cartographers still have the belief that the only uss of
computer-assisted cartography is as an aid to the
"pen-pushing" copying of maps’' (Boyle, 1981). Discus
this statement with respect to the multiple applications
of computer-assisted cartographyv.

END OF EXAMINATION



IN SECTION A AND ANY TWO
OF A CALCULATOR TS5 ALLOWED.

1. %“rite brief notes on any five of the following:
£y Electromagnetic energy and atmospheric attenuation
) Spectral reflectance and spectral characteristics of
vegetated and non-vegetated surfaces.
o Film types used in ARerial photography
43 Photogrammetry and FPhoto interpretation
=y Zround control and groung control methods
i Crthogonal and central projection
2 al A photo survey is carried cut at a height of 4560m
above the mean altitude of the area. The camera used
has a focal length of 152.00mm.

i} What i1g the mean scale of the photo?

ii) What is the scale at a hilltop situated 380
metres above the mean attitude of the
terrain?

iii} What is scale at a valleyv floor
228 metresz below the mean attitude of the
3 « )
terrain®



ume we are golng to measure the 51ue of two forest
on a valley slope. One is rectangular, while
other is trianguiar in shape and the width
eazes ubslope. 4G areas are situated on the
level in the fterrain. ,The height difference
en the foot and the topr of the areas is 300m.
light height = foot of the areas is
i0m. The focal =ngt yf the camera used is
Zmm. A dot grid with 1 dot representing 25mm’
used for the area measurement.
Compute the following:
i) ApproxXimate size of ithe rectangular plot if
it occupies 30 dots in the photo?
i1} The size of the t-iangular plot if 30 dots
fall within its boundary, and if the mean
level is used when calculating the
correction factor.
111} The aresz
correcti
A project area is l6km long in the east-west
direction and 10.4km in the north-south direction.
The air base is 1.21km. the side lap is 25 vercent,
the focal length is 152.4mm. negative format is
Z30mm and elevation iz 500m above sea level.

’._.J
3
o
t4
&
¢!
jo3]
[y
m
)

{11} The ground
photograph

{i44) The area of

(iv) The number
the area.

[

of the photographs

covering

imensions of an individual

]

the neat model

of photographs required to cover



k8]

i)

A stereo pair of aerial photos were taken from a
flving height of 4000 metres above sea level with a
wide angle camera. The air base was 1500 metres.
With the photos properly oriented, pa arallax bar
readings of 12.57mm and 13.04mm were obtained with
the floating mark set on principal points Pl and F2,
respectively. On the left photo, b was measured as
9% .73mm and on the right pheto bY was 93.30mm.
®arallaxz bar readings of 10.96mm and 15.27mm were
taken on points A and B. Also the X and Y photo
coordinates of points A and B measured relative to
the flight axis on the left photo were Xa = 53.41mm,
va = 50.84mm, ¥Xb = 88.92mm, and Yb = -46.65%mm.
Calculate:
(i} The elevations of points A and B
{11} The horiacnbai length of line AB.
SECTICN B (40 MARKS)

miven an area comprising the following land cover

zlasses

15 Cropped land - dominant crop gr undnuts

{11) Grazing land

(111 Mized dense forest: and

fiv) small urban centre,

s your knowledge of spectral ref%ectalce characteristics
5% different surfaces to define the rules delimiting the
~“lasses bassd on imagse :nierpretati;n keys and provide
an interpretation key for the land cover classes.

rovide a methodological
multi-temporal £

ct
[0

(M

Remote Sensing technology
only to nations/countries
technology.

ure for a multi-stage
e

study of a change detection.

()

is an
whosge

and
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REMOTE SENSING

TIME: THREE HOURS

INSTRUCTIONS: ANSWER ALL QUESTIONS IN SECTION A AND TWO
IN SECTION B.

1. Write brief expianatory notes on ALL of the following:

(a) Types of ground data collection in Remcte Sensing

{b) Thematic maps and the stages of Thematic map preparkmtion

{(¢) B8ignificance of spectral separability in 'change
detection’

{d) Atmospheric attenuation effects on electromagnetic
energy and the implications for Remote Sensing.

2. {a) On a vertical Aerial photograph., the top and bottom of
a building are 108 mm and 101.2 mm from the principle
point, respectively. If flight height is 400 meters

above datum, calculate the height of the building.

{(b) What will be the relief displacemen® for a 25 meter
high chimney in a vertical aerial photograph. if it is
120 miiimeters away from the photo centre, and flight
height is 300 meters above datum.

(c) A pair of overlapping photographs is taken from a
flight height of 200 meters above the base of a tower.
The x-coordinates on the left photo of the top and base
of the tower are 100 mm and 90 mm, respectively. On
the right photo these x-coordinates are -2 mm and 10 mm
respectively. Calculate the approximate height of the
tower?

3. The Lusaka City Council is currently undertaking a housing
unit and related buildings count in order to evaluate
the extent of structural development and therefore asses:z
the adeguacy of the refuse and sewerage infrastructure.
Given the following materials and information:

(i) 1995 vertical Aerial photographs of scale 1:20 GO0
taken from a super wide-angle camera (i.e. £ = 305mm:
focal plane = 460mm, lens diameter = 3.66mm), and



(ii) 0.5 microns (1 micron = 0.0001 cm) as the average
spectral region in which the photocgraph was sensed.
Advise the Council on the least size of an obiject
be resolved and state if it is adequate for the pu
photo~interpretation is intended.

An area with rugged terrain is photographed using a camera
with a focal lenagth of 150 mm. The terrain has two different
positions. A is 3500 m above sea level and B is 3200 m above
sea level., and the flying height is 2800 m above the mean
altitude of position B.

(a) What is the flying height above sea level?

{b) What is the flyving height above sea level AT

{c) What is the scale cf the photo at level A and B?

{d) 1If we measure the length in the pho-o of two fields
situated on levels A and B respectively. and we find
them all to be 5 mm. what is the true length of the
fields?

SECTION B {40 Marks)

Using a sketch of the electromagnetic spectrum, show the
reflectance characteristics of water. bare soil, and
vegetation, and outline the factors affecting their
reflectance characteristics.

"Derivation of useful and meaningful information from
Remotely sensed data is. in the main, based on the preocess
cf interpretation". Discuss.

To what extent does the premise that Remote Sensing shoula
ultimately remove the need for information gathered at
ground level, justify the expenditure on the technology.

Explain the following theories and give reasons why each
one is important in remote sensing:

(a) Wave theory
{b) Corpuscular theory

END OF EXAMINATION
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THE UNIVERSITY OF ZAMBIA
DEPARTMENT OF MATHEMATICS

M110 DEFFERED EXAMINATIQN 1985

INSTRUCTIONS: ANSWER ANY FIVE QUESTIONS
NO CALCULATORS ALLOWED
TIME ALLOWED: THREE (3) HOURS-

a)

by

W

Find the value of m for which the equation x + (m+ 3)x+4m= 0 has
equal roots. For what value of m 1s the sum of roots zero. Suppose o, £

are the roots of the given equation when m = 1, find the quadratlc

1 1
equation whose roots are & and -—(-9—-

.

Use mathematical iduction to prove that for all integers n = 1

2 2
12427+ ..+’ = pnri)

For what value of A does x - 4x° + Ax + 3 vield the same remainder
when divided by x - 1- or x+ 1. -

Show that if X is positive . Dut not 'greater than 3, the roots of thp

equation (A - 2)x° - (8 - 2X)x = (8 - 31).= 0-are real. Find the
range of A for which one root is real and positive and the other root
is real and negative.

Find the first three terms and general term in the expansion in
ascending powers of x of

{/X + 5\’
1+ 302 - %)

a) Find the limits of the following

, . 6t + 5 : s lim 1 - sinx
i) lim 9t = 8 ii) x—mrs2z 1 + cos2x

t— a0

b) Find the derivative of v = x*”* from the first principles.

Hence find the equation of the tangent to y = 7 at (0,0).
c) Find the derivative of vy = xtan—lx = -i-; In(i + xz) with
respect to x. Hence write down I tan txdx.

a) Show that the function y = tanx - 8sinx has two staticnary
values between x = 0 and x = 2m. Draw a rough graph of the
function between these values of X.



(W3]

©) By substituting t = tanx, show that
™ ;'/

4 o 1
o 1+ sin2x ~ 2

a) Sketch the graph of the function f£(x) = x{x - 3)2 showing its
furning points and points of inflexion if it has.

-

b) Find the fourth roots of z = 1 - ¥3 i

c) Find the length of the tangent from the point (5, -1) to the

2

circle (x - 1/2) + y° = —25
a) Given the sets A, B, prove that (A - B) U (B-A) = (Auvu B) - (AN B)
b) Prove that_3x - 2 is a factor of 3x3 - 2x2 + 3x - 2. Hehce

find the solution set of the equation 8x3 - sz + 3x -2 =0

when x belongs -to.the set of -

i) Integers 7

ii) rational numbers Q
iii) real numbers R

iv) complex number C .

Find the domain and range of the function = t 1

o :“—1' . Determine if i.his
function is one to one or many to one. Alsc determine if it is
invertible. If yes find the domain and range of the inverse

function.

sin36 = _ .
a) Prove that T3 %00s06 - sin® and

hence show that sin m/1z = (V3 - 1)/(2¥2)

1
1 i

b) If Z = cos® + isin® Show that =z = = 2cos6 and z 7 = = 2i8ins.

Prove that®

Sin76 = %4(358in6 - 215in39 + 7sinbé - sin79). Hence find

[(35sin6 - 64Sin'6) de

c) Find the equation of the lines with equation 2x2 + bxy - 12y2 = 0.

Also find the angle between the line.

Find the inverse of the matrix

and hence sclve the system of equations

jod

I
B

¥
e
b 5D -



0
N

x+ty+z =7
X-y+22=8
2ty -z =1

2c0s6 1 6]
1 P —y 1 | - sinds
! 0 1 2cos6 |

Ifa=2i-43i+ 2k and b=31+4j - bk
are any two vectors, find a unit vector in the dirsction

1
of vector wa - b

END OF EXAM

(V)
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THE UNIVERSITY OF ZAMBIA

SESSIONAL EXAMINATIONS - OCT/NOV 1994/95

MATHEMATICS MI110

TIME ALLOWED:

THREE(3) HOURS

INSTRUCTIONS: Answer any FIVE{(5) questions.

Calculators, tables are not permitted.

1.

a)

b)

Y-

Let E = R, the set of real numbers sugh that

B

"

04
Find:

(1)

" '/ . 2 bR .3
(<32 #3, a\Lok

{x] lx1 £ 2} and -

s

-3, -2, -1, 0, 1, 2, 3}.

(i) A n B (ii) an.c¢C (iii) B n C.
If F(x) is a polynomial in x, show thatfwhgn f(%) is
divided by x - &, the remainder is ‘f(a);
The polynomial f{x) = <+ px + g 1is exactly diwv

by (x + 2) and {(x - 3), find the values of p-a
these values of p and g, find the roots of

. o 3 . . n .
The coefticient of x in the expansion of (1 + x}) is four

times the coefficient of x2_ Find the valus of n. With this-
value of n, find the seventh term, leaving your answer in
factorial form.

(1)
@)
B)
(ii)

Explain what is meant by the statement:

f is a function f%om set ‘X-to set Yﬂ

f is an even functiag. |

Let the function T(x) :‘ééiigﬁ

where a, b, c aire real and x # c. 3how that if

f(x) is an even function then ag.= b. Deduce that'if‘
f(x) is an even function then f(x) must reduce to the

-

form f{(x) = k, where k is a constant.



Mii0 v

A}
>

a) (i) For the quadratic function f(x) = ax + bx + Cywhere
a,b,c are real and a # 0, complete the sguare and sketch
. . 5 » .
the graph of T(x) when- - a < 6 and & - 4ac < 0.
) . 2 ’
(ii) If a and B are roots of the equation x + 2x — 5 = G,
find the value of a - B
o) Express the complex number
)
11 + ~ T . -
Z, = —=———=£2 in the form
1 3. - 41 .
x + iy, where x and y are real.
Given that z_ = 2 - 5i, determine the real.numbecs P,g such
that p_z1 + g z, = -4 + i
a) Pirove that .
sin 3A cos3a .
. = 4 Ccos ZA. -
sin & cos A& |
b) (i) Let m be a positive integer. State De Moivies theorem
~ - - -~ N
for (cos 6 + 1 sin 6) when
o) T = £ Ao = .
m
b ig F- 5 - =~ h
(ii) If z = 1 + i VY3 , expraess z in the form
- - . P
ricosé + isin 6]. Hence, find |z| and |z b
. P -
Give also the values of argz and arg{z )} lying
5 . .
between -% and . . Show that Re{(z ) = 1é& and Tind
the value of Im{z ).
c) The coordinates of the points P,Q@ and R are {(4,-33, (-1,-2)
and {2,t) respectively. Calculate the value of % given that

P, @ and R are collinear.

N



a) The circle 5 has the sguation
2 . .

X + yy — &6X — By = 0.

(i) Find the coordinates of the centre and radius of the
ciicle.

(ii) Show that the point & with coordinates (7.,2), lies insid
the circle.

(iii) Show that the chord of S which is bisected at A has

eguation y = 2x - 1i2.

b) If the coordinates of three points A,B and C are {1,2), (G,4},
{(i,-5) respectively, find the eguation of the straight line o
which a fourth point P{x,y) lies such that

VA 2 2
AP~ + BP" = 2CcP” - 19.
: ¢
aj A is the matrix such that R
(i e a)
A = 9 i O -~
0] o] i
. L. o — - o L e 2 o Fad h - 2 DU | Arz L on JRrRe PR
wneire p,gq are real numbers. Calculate A aind: ~ . Sugdest
n ) > > T L . N P
a formula for A . Prove by mathematical induction that your
formula is correct.

b) Find a unit vector which is in the opposite divection to the

sum of the vectors (31 + 2j + k) and (~5i - 3j + &k}
Prove that this unit vectitor is perpendicular to the vector
{51 - 43 + 2k).
\ 2
L _2X T+ 3x + 5
{(a) Expiress y = 5
‘ {(x+1) (x +3)
> IR T - he 1y . - ray . S‘_}L_ — ;’-: Hen x = O
in partial fractions. Hence show that e ~  when x =
[SY - g « s = - 3 2 o T
(b For the cuirve v = X — &x + 9%
(i) Solive the equation y = O.
(ii) Find the coordinates of the turning points
{(iii) Determine the nature of the turning points.
{iv) Sketch the graph.

1]



(a}) z is a complex numbeir such that z = cosx + isin x whei
- I K <7,
Show that
- )
L T T = Z1 S1Liy X
Z \
n i I .
Z - -: - £1 Siin nxX.
z
Prove that
= - 4.. pous lf - A - 7Y
S1i x = g\COqu - 4Cos2X + 3)
J/a 4
Hence evaluatse j sin X dx.
0
(b) 5Sketch the graph of the quadratic function y = xX{x i)
Hence find the total area bounded by the cuirve
y = x{x-1), the x - axis and the line x = 2.
™ oty 2 LV 2 o m T

END OF

s



THE UNIVERSITY OF ZAMBIA
SESSIONAL EXAMINATIONS OCT/NOV 1994/95
MATHEMATICS 11160

oty
et
Mt

Ise tables and calculators is allowed.

v]
iii) Write down on the answer booklet the numbers of
questions you have answered.

Pty

pmte
Pmin
—

[
Pomie
te

[ »]
=~
=13

~

¢
N

Give the definition of a one to one function. Hence if

- ‘and g(x) =

e’
L p
t
N

find gof and show whether of not

X b

Find the domain and range of go
Give the definition of an odd and an even function. Determine
whether gof 1is even or odd.

. : 2 .
Find the area bounded by the cuive' v = x - 4. and the ordinate

Prove the identity




b4

£
£

. X+ 2 x-1
i) Solve the equation 3 =5 .
ii} If log,2 = 0.356 and log,3 = 0.566
Find the value of
rd \2 4 hY \?.
}og'—z—} +lgglg§}~10g (1%
715 )} 7{ 12 ) 7 13 )
i} If z =1+ i, write 2z in the form
Z = r{cost + isinG).
ii) If z = cosfB + isinB,
- ., L 1 T | _n 1
findz +=, z-=, z + , 20— == .
£ £ T n
Z z
3. 1 - 3
Hence show that cos 6 = ECOSQH + Zcose.
L 2 174 = £z . z 2.1 v - F S o W
Differentiate vy = x from Tirst principles. Hence Tind the

equation of line perpendicular to the curve at {i,1).

the constants p and g such that x - 2 1is a common
r

(=X
>,
st
il
L
x
]
(=]
[
=
Co
A

[AY]



)
(&3]

o
g

fel]
po—g

- . . .- . 2,
i) 1im x + 1 ii}) lim x + 1.
x3-1 2 cORI® % i
X = 1
£ 3 z " 4 £ -4 ‘l
Deftineg continuity of a function f at x = cC.
(..___q\.f..|1\
XTLILATL ] " 3
[ P > x # 1
IT f{x) =4 -
|-
{ x = i
L 5 . X i
3ketch the graph of f{x). Use the definition of continuity

i1y If o and B are roots of g{x)} = G, write down the
k1 -
- - i e
quadratic esquation whose roots are = and F'
I bl s o S B g yan wm P, 1‘ 2 . x I | .
Find the conjugate uf_z —3 in the form a + bi -
Find the stationary points of the curve
[P SRt 1’7 U o A — o he o ke g b
L S §x . Determine their nature and sketch
the curve.
tvaluate any three of the following:
H ‘ X EEAY {‘ ¥ 4 s ‘.\-_r\ P SN
1) l > ax i1y Jxxnxux iil) COSLXSINOXKIAK
J x +x -2
. i —— 4%
iv) x7 , _ .7
i-x




 »]

~i

Qi

e

b)

et

o

# bag contains 5 red and 4 blue balls. 3 balls are picked out
one at a time and are not replaced. Find the probability that
atleast 1 of the 3 balls is blue

4

In an experiment of tossing a die twice write down the
sample space of the totals. Find the probability of getting
total less than 7 if
i} no other information is given.
iij) the total is odd
A and B play 12 games of chess of which 6 are won by &, 4 are
by B, and 2 end in a draw. They are to play a tournament
consisting of 3 gawes. Find the probability that
i) A wWwins all three games
ii) A and B win alternatively
iii) B wins atleast one game.
Independent random variables X and ¥ have probability
distributions as shown in the tables
x| 0 i 1 i 2 | 3
t(x:x}g 6.3 1 0.2 I 0.4 } 6.1
1
ey k1 l 5
4 O i | Z
E(‘v’:y)l 0.4 0.2 i 0.4
i} Find F(X), F{v}), var{x), var(¥)
ii}) Construct the probability distribution for the random



o
Ry

o
A

-~

Ty 3. N . . o gy e ze o e -

i} Find the value of the constant K

bb-E Y JON A S - £ F EY

iij sRetch y = f{xj

T2 2. & W %,

i1i) Find P{x =2 2}.

The diameter of bolis produced by a particular

follow a normal distribution with mean 1.34cm

deviation O0.0d4cm. & bolt is rejected if its dia

than 1.24cm or more than 1.40cm. Find the percentage

bolts which are accepted.

A machine is producing components whose lengths are noirmally
distributed about a mean of &.50cm. An upper tolerancs
limit of é.54cm has been adopted and, when the machine is
coirectly set, 1 in 20 components is rejected as exceading
this limit. On a certain day it is found that 1 in
components is rejected for excesding this limit. fAs

that the mean has not changed but that the producti

become more variable, estimate the new standard dev

It
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M210 - MATHEMATICAL METHODS II

TIME ALLOWED:
INSTRUCTIONS:

Three(3) Hours.

fittempt any fTive(5) questions.

a)

b)

o)

a)

)

Find and classify the critical points for the function

f(x)=x -Bx -270x ", B K<
Also find the absolute minimum of T(x).

Solve the differential equation

xdy~ydx= (x +y )dx.

Calculate lim s , where
n-oax© "

Solve the following differential equations:
i)  xyE=(+ese y;

2 . < i \ ) {
i1) Yo, . lan b AL
2 ~

dx ax
Determine the paiir of straight lines represented by
equation

Xy —y - x + 1 = 0,
by using a rotation of the coordinate axes.:
The area of a ietangle is given by A=xy, wherie X %s
and v is the altitude. Let r be the length of a diag

the angle it makes with the base. Compute Ar and

fes)

the

Find the area of the region enclosed by the x-axis and the

curve y=xsin x, NEKE2H .
Find the length of the cuirve y=1n{cos x), O<ksn/Z .

2 . . dz dz_ 7,
Prove that z=zx +xf{xy) is a solution of xé;'yﬁ;‘“ +Z.

.



Sketch the curve of - °
4{x —-7%x)

>
(x-2) {x+5)

‘}f:

rind the area of the surface generated by revolving the curve

2 3
yzy K +2 , —1<x<1, about the x—&xis.
a) Evaluate the following limits:
. . an x
i) lim —tan x :
x3n/?2  tan 3K
.. . - tan x
ii) 1im  (sin =) "% ~.
w27/ 2
‘m lw
® i dx i
b) Show that J —F——dx = §J —_— = %.
r e +."
n\l+x) n(l ®)
. 2. .
a) At what point on the parobola yZ%x is the radius of curvature
a minimum?
- - T . - )
o) Use the Taylor series for sin x about azg to compute sin 33

to three decimal places.

N



THE UNIVERSITY OF ZAMBIA
SESSIONAL EXAMINATIONS 1935
M220 LINEAR ALGEBRA

TIME ALLOWED: Three(3) hours

INSTRUCTIONS: Attempt any FIVE(5) QUESTIONS

1.

Briefly explain the meaning of each of the following:

(i)
(ii)
(a)

(b)

The reduced row-echelon form of an mxn matrix A;

the augmented matrix of a system of equations.

Reduce the matrix

2 -1 0 1 -1
-1 1 2 1 5
1 4] 2

to its row-echelon form. Hence or otherwise solve the
system of equations

2)(1 - X, +x, = -1
-X, + 2x3\+ X, =
X, + 2x3 + 2x4 =

Find the conditions which A and ¢ must satisfy for the
system of linear equations

0

1
i

X +y - 4z
2x + 3y + z
4x + Ty + Az

ot

(i) a unique solution
(ii) no solution
(iii) an infinite number of solutions.

the definition of

a subspace U of a vector space V over a field K,

a basis S for a vector space V over a field K.

Prove that a subset W of V is a subspace of V if and only if

0 €W and u,vEW > au + vEW Va € K. Hence verify that a
subset W = {(a,,,a?,rx?):a1 ta, ta, =0} is a subspace of

v, (R).



(b) (i) Determine the dimens
vectors u, = (1

Extend the b

a 1
obtain to a basis B

~~
Pmts
omd g
S
A .
(o]
4 ot
-
any
X,

jo1]
cr
o1}
4]
Ity
o]
f]
-k
-
2
==
*

e vector space U spanned by

,-1,0,0) and u?:(-1,3,0,3).

4
. —. . 1
. x3~2x4;‘

sis B_ of u which you

= 0} and

Find

what is meant by the following terms as

transformations?

i} A linear transformation T
ii) A normal form of the matri
a) et

b) If T:V4(R) — V?(R) has ma

1

]
(%]
£

o
|
[
[N
wr
| S S—
M

B 4 11 2

find bases 31 and B_ of ¥

2
with respect to which the
t

Hence write down matrices H and

r

.- D

nsformation and
v [V T =3
¥ys¥,eeaa,V 1 s a basis

linear transformatio

n

applied to linear

7.

T is in normal form N.

trix
{R) and v,
matrix of
R such thst

K" aH.

If T:¥ — ® is a transformation
vector space W over a field X,
what is meant by

} the a

Ity

’
L

vector space

atrix of I relative to the bases
B = | .. . — Fs, - " . s
1 1"“'15"21--'-)“'"} dﬁd H?. {W1,W2,...Wm}
for ¥ and W respectively,
(ii) the image of T and the kernel of T.



a) Let T:VQ(R) -3 v?(R) be the linear transformation defined

by
T{x,¥,z) = {2x+y-z, 3x-2y+4z).
Find the matrix of 7 in the following bases of
¥_(R) and ¥_{R) respectively:
3 2
B, = {v,=(1,1,1), v,={1,1,0), v ,=(1,0,0)} and
B = . fs T A
o T UM F ULL5), W Ui, 40).
b) {i) Prove that Im 7 is a subspace of W.
(ii) Let T be defined as in {(a). Find conditions for
{(x,B,0) to be in the kernel of T.

Let ¥ be a finite dimensional vector space over a Field K.
Define
(i) an inner product on Y.
Iy L Fa 3 % “-l K L, P 12
{ii} the orthogonal complemsnt U of a subset of ¥.
(@) If u = {a ) and v = (B ,f) are vectors in V (R},

prove that

!....\: - }_,_ ER 4 ?
(,v) = o B, - f, B SR,

is an inner product.

(b) Find, relative to the standard inner product on

V4(k), an orthogonal complement for the subspace
U of ¥4(T) spanned by the vectors

i.i1 = ii,z,.&,ﬁ), u?_ = (0515*’54!}5 Ug "kl,i,s,"?).
If u,v#0 are vectors in an inner product space ?Q(R), adef
the projection of u on v as the vector

V Lol S o = .. o ) Py - - - A P -

W o= — {u,v¥j. Show that w and v-w are orthogonal.

fivil .




#1220 N

What is meant by each of the following terms:

(i) An eigenvalues of an nxn matrix & over a field K;

{(ii) A diagonolizable wmatrix A4 € ﬁn(K}.

{(a) IfAc€ ﬁn(K) has n distinct eigenvalues prove that
fi is diagonalizable.

{b) Given that

i 0 -1
=11 Z 1
2 z 3

{i) ©Determine the esigenvalues and their corresponding
c;gcnve COis.
Wwrite down the matrix P such that P AP is a diagonal
matrix

What is meant by each of the following terms as applied to quadratic
forms on vector spaces ¥7

rank of a quadratic form q{v)
quadratic form gq(v) is positive definite

o~~~

te p=te
HO St

The
} th

(ty

Let q{v) be the quadratic form on VQ(R) given by
2 e 2
G{v) = Zx + By + 3z + 4yz + 2zx + 4xy.
Determine
(a) Wwhether the given form is positive definite
(b} the rank of q{v)

{(c) an orthonormal basis for VQ(R} such that q{v) is a diagonal
quadratic form.

END GF  EXAN.
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ol
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)

e

e

R

&

pets

o

=it
el p el Juety

Pis gemte

fn

b Y - P | ~ A e PR S T P S i S

i) y local and a global variable

TN - [ e 3 P vo o Bo g 2o ¥ i e n g

1} & Toirmai and a&n dactual parametei .
N - e . - - . gy g P

1) a syntax and a run-time &iior.

Lol i

e S

ELC.,
b ;
BEGIN

e ALY 3 S

READLH{B,Z);

e ot g Fae N

ROHULMLY §5

C == A + B;

aernsr £y %

MOHLZ,8);

£ % L

HOHLC,B8);

ete.
[l N T
[N
down, if any, the
z oo w ¥ “.-__:,.kx-.ﬁ{ - .AL“‘,A._.‘-‘T\
1) 10C31 VAT 1401€5{07 SUDDiOgidams )
Bl - L . PR g Fomon el e o %
1) glopal variables{or subprogiams)
I [ - o a en e e B o o e
1) Fofiial DaidmeEvers
e [P B | [T My
v} aCLual paiameEcers

T T N o~ £ I - ey o . [

which statements/s, if any, in the program
give
I g gt s e g ge g
1) SYNLaX e8rrorse
A s A D o g e gm e on €
i) fun-time &errors’

pts

Wi
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v

¢)

[ o JO .y
pEgin
End.
after
of th
i) X
v k0
G4} Write
metho
ascen
Assun
4. aj
| Y
D)
c) Write

)
oFf "
m

Ve I
Wy
-

Qe s =
(X}

e
LR

= =
e
Yttty
ek b

F 2 o WP IR W R
LUUHTDUL J
P ] ~ 1 - W K e o oz
Yld. .48 U LHLTgct
s e s ~
gei;
1 to 2 do
T i
1z i
1 to 2 do
[ ok & 8 -
IZ ETALLSS
2 e A A oA E
J = 1L 1O 2 o0
3 e 2T 27T 2 x!‘."'}
Joi= YLIL T ALY
the above wprogram, what would
ngT
L3 resy FIEAEARY [ ]
ii) ®i23 iiiy Yii]
P .
YLy od
ire called BIRARY that uses the
ch an array of 20 integer values
IO T - USRI, SO 4. SR SN T S
T 705 & sheCitid Lhveger vailug
ay to be searched is A.

L2 ¥ arersovrrenr S si_ 4 W T £ g

i T uuUbi[H,ﬂ'L) PO k]

ascal recursive function called

the product of two non-negative
6 x 20 = 126.

tive version of the Tunction in

‘

Ao
ROGUCT
it

Ty
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o
—
5 E

Ay PR [P N . o~ - E e - . .. s e oy 3z
D Consider the following Pascal program:
.
e o 2 o e [ WO WU W S
Program rairewell{Cutputlj;
Type Integer-pointer = 'integer:
var First, Latest, Next : Integer-puinter:
Segin
Py LR
New(First);
r-'.‘.’“*.l.lr g Ly S
First! == 5@:
PR 4 PR W T
Hew{Latest):
S
Latest' = 60;
% AT T W
HewiMext );
-
Hext' = 70,
~ . Jp— | IS PR S
First = Latesi;
1] .-‘...,—-L? - LS "‘-‘T
Latest' = Mext
Lol %-15%
END.

. r":.‘.l.?' ~. I...L-‘LT
i} rirst' » Lavest
Tr F T e e B P S R
11} First < Latest
22z o Y -y
111 Latest <> MHext
ERURY PR, LI o
iv ) Latest' > First’
R I . - e B e
V) First = latest
d) tesume the following definitions and declarations:

P - J TR R I I e
fiaims @ STringelog;
Link : name-pointer

sCdal program segment

names Tor i@ gocurence of & particu
T .. i -p— | o 2 R Y oy - p— - o L. o
15 TUUnG, LSdv¥e lio LULdtHH Gao Ll
otherwise print an ervror wessade.
name in the 1ist.
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TIME:
INSTRUCTIONS: T

L=

ot

b) Statist
lcula

table will be provided ih
1y
13

1. a) i) & sociologist i erested  in  estimating t
percentage of UNZA stu deu s who tave smoked marijuaia. One
hundred students are a|dun1z ¢..rcted and t
question she wants to a is “Have you ever s
marijuana?” but t liay f ars they might h
i brga*hed, she d
4 1

a
i pumber betwesn 00 and

tne marijuana que‘*’*u.
students are instructed to answer a triv viol
ive question, “"Does your computer number e=id
it an odd digit?" each student writes the anske:

paper, without ever indicating whic!

e/she is responding to. Suppose
F the responses weie "Yes" Whrat

ate was answering "Yes" to the mar
o

o W
R}
[)]
i
s [y

ii) A toy manufacturer buys ball bearing from trre:

different supplies, 50% from si ipplier A, 30% from s .ol ei
B, and the rest from supplier C. Past experience his
shown that quality control standards of the trree
suppliers are not all the sams. Of the ball bearin:
produced by supplier &, 2% are defective, supplieis B
and C produce defective bearing 2% and 4% of the tiie
respectively. If there is a defective ball beai irg
what is the probability that it was supplied by 4.

b) i)  An ecologist has trapped a naie ihxﬁu, a female rhino,

and a cub{young). She intends to fit each of them +i 1
éa radio-transmitting collar (tag} s0 that they caun b
kept under electronic surveillance atter they e
releasad. To allow each rhino to be distinguisha,ir
from the other two, each collar will transmit or o
different frequency. Write out a sample S0 36
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b)

describing the ecologist’s opkions in assigning t'e
three collars to the three rhincs.

Mulenga is no

of passing Ci

are 0.40% and

events "Hulenga

independent?

Courses?

it has been reported that a certain 11
in about 40% of the chicken 2gas whi "
Wwith a developad e i g b
the School of i b
study to ¥ I¥ she wanls i
estimate the within 5% with 9&%
confidence, ailed to hatch with =
developed embryo will

. 1
of 16 pregnant women vielded an averade protein
amniotic fluid of 0.86 with a standard devi
G.23. Find a 99% confidence interval for
average protein in amnioctic fluid.

1 2 3 4 ) & 7 B G LE
Before 25 25 27 44 35 &7 53 53 52 M 2
After 27 29 37 56 46 £z 57 80 61 V7 4o
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commercial brands bacon. The researcher wanted
rnow if these four brands produce the same amoual 7

NP
y

s

i) What are the treatments in this model.

i) Complete the following AaANOYSR table for the
gxperiment.

v) Answer the researcher’s question at 0.01 level

Source of wvariation Sum of square [df mean sgiars
o

Treatment !
i

i

Crror 23 !
r A N ] E s ] ] s
iotail 1729 i9 i

Independent randoim

used in an experimen

on plasma a glucose

strain Al 5 G 10 4 H 8 5 & 14 E
strain 6} ¢ 9 G i5 8 16 12z 3 G 19



i) Do these data pro

ii) What assumptions
c) f sociologist interviews 1006 families where the husband
and wife, early in their marriage, decided to kees
having children until they had their first giri. {&il the
100 couples did eventually have a female child). e
data is as fTollows
Mumber of children 1 Z 3 4 5 oF moie

Number of Tamilies 55 i3 iz 8 &

Assiine tuat p the probability of having a girl is 1/2. Can the
distribution of number of children b} adequately described by &

geomctulu distribution at 0.05 level of significance for
couples who follow the above ruls.

a) @ market research study
between an adult’s self
small cars. A total of

metiropolitan area were s
responses to a questionna
the three distinct pers
conservative,{8) middle
explorer. @t the same ti
opinion of small cairs. 7
-
A 8 C o1
Favorabie 79 58 4%
Opinion of
small cars Neutral i B 5
Unfavourable i 34 4%

Test whether these two straits are independent. Use the §.025 level
of significance.
b} & study was conducted to determin

introductory 3ociclogy course #as

on verbal ability test administer

verbal test scoies and final scor

students are shown Lelow.




- ) ir 4 Fud Y “¥ ”
A & » o o H o
student
veirbal .
ityi{x) 39 21 47 z ¥
score
final score (v}
in introductory 45 78 52 B2 52 59 73
sociology
i} Find the least sguares felating v to x.
ii} Predict nt’'s Ti de in the intr
Course oi hei test score is
c) Aciophobia i
in three
Semoinstiatio
three techni
volunteers,
It was realized
acirophobia was
Height advanc
75 volunteers
owest score
then assigne
when the cou
the HAT. The
therapies at o
i) What is appropriat
ii) Complete © HOYA ta w for this stud
iii) Carry out appiropr t.
iv) Find ¢ confid interval for
differe etween H the mean for A and
7.0 respect iy for uation.
AN

[y




ANOYA TABLE
Source of variation Sun_of squares daf s
Treatment 260.9
Block
&irror 68.4
Total 767.4
5. a) i) fan epidemiclogist wished to compare two rabies waco
to check if she could conclude that they differ in
effectiveness. Ten subjects who had previousiy
received a booster doss of type A vaccine had mean 4.5
and standard deviation 2.5 of anti-body i
while nine of the subjects who had received ¢
type B vaccine the mean and standard devia
2.5 and 2.0 respectively. ©Do the appropriate ana
ii} For a multiple Sclerosis patients we wish to estimate
the mean age at which ths disease was first diagnosed.
We want a 98% confidence interval that is 10 wvears
wide. If the population variance is 90, how large shoui
sample be?
b} Weight (Kg) and chest size{cm) of infants at birth of a
random sample of 9 infants are given below
infant|123456?89
weight l 2.8 2.2 4.4 5.5 3.2 4.3 2.3 4.3 3.7
chest size ! 30 26 32 37 27 Z8 28 3G z5
1
il Calculate the sampl orrelation coefficient for weight
and chest-size.
ii) Test at 0.05 level of significance
H.z p = 0.3 versus H_z p » 6.3
LY o
iii) Find a 95% confidence interval for the population
corirelation coefficient o for weight and chest-size at
birth.



C} i Foir routine equipment, the standard 4
of 1ife is an important factor in det
cheapei to replace ail the pisces at
replace each piece individually when -1
industrial statistician has calculate
to replace a certain gadget at fixed
standard deviation is less than 8 days.
71 pieces gave a standard deviation o
replacement be at Tixed intervals or
of significance.

-t
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e

END  OF EXAhN
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wrpaTIcs 130 MAL [ MLz |
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SR
} ap
a1
ity T
R in the xy plane is bounded by
2 2 2 2
y T a, x +y = b, x=0, and y = 0, where
|
RS %
Determine the region R into which R is mapped under

Tr
!

» = pocosd, vy = psine® where p>0, © £ ¢ £ 2n,
.:i\ ;-\_M,-.:.LE _(_j__ixg}'} .,....d ":LD- ERy N =
11 Comput (0. ) aind show that
9{p,¢ i
a{x,¥} P
the space curve x = 3cost, ¥y = 3sint, z = 4t
2 . POV, P R o +* T
1 the unit tangsnt 1

o
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Give a definition of a periodic funciion. Hence
-~
o N, [ L - o — . o™ - i, o i # PP & N N
determine whather or not f{t) = cosifdt + cos{i0 + n)t
is psriocdic.
B . BT
-r,f. £ A F g 3 ) R SN <N [ T l . I A | - [ ¥R TR B
i FLCd = TLL v ) VEFLTY ThNav i F{tiat = J T{iL At
Yo a+T
Sketchh the graph of
£ o~ — P -
f o, <t <0
- G TLY .
ety = 9 i
L P t, O <t < =m:
and Tind the Fourier series Tor 1it.
State the diveigence theorem of Gauss. Hence svaluate
ry .
JjF.ndﬁ whaere S is a clossd suifacs.
J
N - P 3 - £ - PR - PN, O, o s v e oy PRV )
i) It Ffix,v) and gix,y) are LWwo continuous Tunctions o4
®x  and vy with continuous Tirst partial derivatives, 3ihow
- £© £l . P Y U, £ . R PR I o e e 4o o e e on N
that Ti{x,¥) and gi{x,y; are functionally depsendent i
their Jacobian vanishses.
ii)} ©Discuss whethsr or not the solutions
S
y1 ~iE ATV3E y?
y9 + 3y’ - 10y =
. - PN e e P e S i g, . i o A - o [N A
State Green’s theorem in the plane. Yerify the theorem by
. 5
PR JET R S A S T [ ) 1 e 3 i " . [T . S N
gvagiriacing P (EZXKyY — K OJaX v X 7T ¥ Q¥ WaBIre L 1% uLne
L&
s s
closed curve of the region bounded by ¥ = X anda ¥y % X
v.f Y N e ST Y s P S i, _f.f'.‘ PR Wi £ i3
i Fll, W) T XU,V L 7 YU, vij] v LU,V K [ A
- P PN - s J— ~ o e ST — o L e e 2z am B e s -G TP | R .
S SHFO LT DU T Al Oy QGETINES i DU Taio3 Lirotsmr gy oL Ly ' i K
My g gy e B e g — . smm e o B e Y PR
VNS C1I0N r Ovey 2. CVAaLldaiLe
F = yi + 4xj, S: z = -x + 2y, 1 S x <4, 2 sy < 3.
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THE UNIVERSITY OF ZAMBIA
SESSIONAL EXAMINATIONS OCTOBER (1995)

A e e e e e e e
1. a) Define the following:
i)  An open set G a subset of K.
ii) A one-one function f:8 — B8 in R.
iii) Continuity of a function f at a point X € R.
iv}) The completeness axiom for real numbers.
b) Prove each of the following:
. . . i, .
i) The set 6 is open if and only if G = G {(interior of 6}
ii) If f and g are continuocus at a point ¢ and f{c)
respectively such that gof is defined then gof is
continuous at c.
iiij If 3 is a subset of R that is bounded above and if
T = {-x: x € 3}, then T is bounded below and that
inf T = -sup 3.
c) Determine sup 5 and inf 3 if they exist for
, n }
- L - i1 P
3 = i T n & Wi.
ahr }
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vefine each of the following:

i} A limit point of & set 3, a subset of K,
T E N PR - - - o —~ 'y,

11) A compact set K, a subset of WR.

rzr - e i g e - P ¥ LY T o S

111) A COonvergeny seguence gx“; in K.

iv) & common refinement.

2y - 2 - s e e e o am - PR e - - - - 3 e -
i) The intersection of an arbitrary collection of
in ¥ is closed.

finalyse the following series
3] ” X A
. 2 on . 3 n
0 ? {(n:) x i) Y X
Ly, {Zn)! L, @t -
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Define the following:
-

i} A Riemann integral.
ii} @ continuous function f:4 —m ® on A

a subset of K.
iii) An inverse image of T{SB) under a fu
iv) An interior point of & set & < R.
Prove the following:
. . . . 3
ij & function  defined by f{x}) = x

integrable on [0,1].
ii) If f:R is a continucus functionm on R

. | .

subset of K, then § (F) is closed

iii) If iim A= % and 1L ¥_O= ¥ then
n—xo n-—X
h I, - .
L ——

1im ix, + yn) % ¥

30
tet f:4 — 8 and g:8 — C be functions.

-1, =1 -1
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i
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i} Heine-Borel theorem. .
Iz e P e Pl . P R o~ g %
ii} Cauchy’s condensation test Tor series
TrEn S N P N — -

iii) DedeKinds property.

@
\:"i £
ii}) If o > i, then 2 i; GONVET ges
n :.-:1 ;";
w
bl “
a = i, then ) i; diverges.
nE1 n\
iii) The #ean Yalue theorem.
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THE UNIVERSITY OF ZAMBIA
SESSIONAL EXAMINATIONS OCT/NOV 1994/95
MATHEMATICS M360

TIME ALLOWED: Three(3) hours

INSTRUCTIONS: Answer any four{4) questions.

Full credit will only be given when essential
worKk is shown. Tables will be provided while
calculators are allowed.

a) A certain disease is present in about 1 out of 1000 persons
in a given population, and a program of testing is to be
carried out using a detection device which gives a positive
reading with probability 0.9% for a diseased person and with
probability 0.05 for healthy person. Find the probability

. that a person who has a positive reading actually does have
the disease.

b) Consider the joint density function of X and Y

8xy pSx<y<1,
o otherwise.
Find
i} The marginal densities of X and Y
ii) The correlation coefficient of X and Y.

c) i} State the Cauchy-schwartz inequality and use it to show
that the absolute value of the correlation coefficient
is always less than or equal to unity.

ii) Derive the moment generating function of the
sum ¥ = X, + X, + ...+ X where X.”s are independent
i 2z n J
random variables each with density- e~x, for x>0
and use it to find the mean and variance of Y.
aj} Define the following terms

i} Likelihood function

ii) Haximum likelihood estimator

iii) Consistent estimator

iv) Uniformly minimum variance unbiased estimator.

- -

v) Mean squared error of an estimator.



»

b)

c)

b}

¢

p

11360

i) State the Neyman—-Pearson lemma
ii) Use the Newyman—Peaison lemma to construct the test

for HO:G =9 is H, : 6 = 25, given a random sample

S SRR from H(0,8) at 0.05 significant level.
Suppose a random sample of size 5 is drawn from a uniform on
(0,8) and we wish to test H : 6 <2 is H1:9 > 2 by rejecting

H if ¥y = max(x1,-..X5) z K.

O

} Find the value of kK that makes the probability of
committing type I error equal to 0.05.

(=

ii)} With the above value of K find the power function.
pefine the following terms

i) Power function

ii) S8ize of the test

iii) Host powerful test

iv) Monotone likelihood ratio

v) Generalized likelihood ratio test.

Let yl,yz,.-.yn be a random sample from

. -6x
f (x,8) = 82 x e %, x>0, 8>

<

i) cind an estimator for O using the method of moments.

ii) Find the HLE for 6

iii) Find the Cramer-Rao lower bound for &

iv) Find the UMYUE for 6 if it exists.

i) Prove that if xi,x2,-..xﬁ are normally and independently

- . . . 2 .
distributed with means “j and variances Oj respectively

2
. - (X: - !l’}
then W = S has

oty Cmts PuY

with M-degrees of freedom.

cr
&
ot
Jmte
i
=



a)

c)

M360

i1} oApplying the results in (i) above show that if

Vi¥eaa, ¥ 1id N(12,0%) then
4
U:§ (y:’-“‘)
=Ly ——1—5———— has a chi-square
J=1 p

distribution with n degrees of freedom

1)  tet X be uniform ly distributed on (0,1). Find the

s for a > G.

ii) Let z ~ H{0,1) and X ~ x;, f 'z and w are independent

find the density of ¥ = Zh wim .

Py 2 —
x M2 1 e xf2

= z
r(z)2"?

[
Ay

=6

A estimator ”n tor the parameter 0 is said to be

asymptotically unbiased it lim E(w

Let Xl,xz, Xn be a random sample from uniform (0,0).

Let wn = max(xl,xz.-.,xn)_ Is wn asymptotically

unbiased? Justify your answer.

i) Find the mean square ervor for ﬁ .

f=n

A production supervisor suspects a dlfferenCe exists between

the proportions p and PB of defective items produced by

B respectively. Experience has shown that
the proportion defective for each of the two machines is in the
neighbouirhood of 0.0 IT the supervisor wants to estimate the
difference in the proportions correct to within 0.005 with
probability 6.%5, how many items must be randomly sampled

from the DlDdUCLIUﬁ of each machine. (assume that we

want Ny = g = nj.

A

H
machine A and machine

ective
4
2 =




b)

c)

M360

A study was conducted in Lusaka following an increase in prices

of washing detergents. The objective was to cumpare the mean

supermarket prices of the four leading brands, Boom (B), magic(M)
pynamo{D), and Strike(3). Ten supermarkets were selected, and the

price per gram was recorded for each brand. The means for
B,M,D and 5 were 2.431, 2.495, 2.493 and 2.417 respectively.

treatment sum of squares was 50.00 x 10-3 and mean square for

error (MSE) was 1.7963 x 10 °

i) Write the appropriate model and name the design

employed.

ii) Test the hypothesis of interest at 0.01, level of
significance.

iii) Find the 95% confidence intervals for B and M.

i) Derive the sum of squares for the unbalanced completely
randomized design.

ii) Show the equivalence of a two-sample t-test when

the population variances are equal and the F-test
for testing
Hn: i

= M, ¥ersus h'a T4, FH

1 2 1 2’
treatments is two in the unbalanced completely

i.e, the number of
randomized desian.

4 seed company advertises that each of its seeds has an

80% chance of germinating. A detailed analysis of 50 of the
company’s seed packets, containing four seeds each, gives
the following information.

# of seeds that o
germinated
¥ of packets é 4

N
N

=
ut
)
<
w1

Is the company s claim substantiated at 0.05 level of
significance.

END OF EXAN

The



THE UNIVERSITY OF ZAMBIA
SESSIONAL EXAMINATIONS (OCTOBER 1995)
M410 “
(THEORY OF FUNCITONS OF A COMPLEX VARIABLE)

INSTRUCTIONS: There are seven (7) questions in this paper
2

and candidates have to attempt any five(5) questions
of their choice. All questions carry equal marks

TIME ALLOWED: Three (3) Hours

1-5

a)

b)

a)

b)

a)

b)

Prove that U = efx(xsiny = ycosy) is harmonic and find V{x,y)

such that f(z) = h(x,y) + i v{x,y) is analytic.

) . d }__1_
i) Prove that &z {lnz} =7 -
* a22
ii) Evaluate y dz where ¢ is the
c (z + 1)
circle |z| = 3.
Find the Residue of F(z) = cotz gothz at z = 0 .
z
1 ) et
Evaluate 5 o dz around
2ni c z (2" + 22+ 2)
the circle c with equation |z| = 3.

Find a bilinear transformation which maps points

Z =0,-1i, -1 into W = i, 1, o respectivaly.

State and prove Rouche’s theorem and use it to show that

evaery polynomial of degree n has axactly n - zeros.



a)

b)

c)

a)

b)

a)

Find the complex potential for a fluid moving with
constant speed V in the direction making an angle 8 with

the positive X ~ axis.
Determine the velocity potential and stream function.

bDetermine the equations for the stream lines and

gquipotential lines.

Use the definition of the derivative to find f'(z) at

the point z given that f(z) = (1 - 412)2.

Let U{x,y) and V(x,y) denote real valued functions whose

first order partial derivatives with respect to x and vy exist

every where in a neighborhood of a non zero point p in

the xy-plane and are continous at that point.

i) Use coordinate transformations and chain rule

to show that Vr = vxcosm + vysinw and

VW = Vyrcosw - vxrsinm. What are the similar

expressions for U_ and UW?-

Solve the pair of equations obtained in

Juui s
e
A

part(i) above for u,

sing

U, = uU_cosp - U¢ -

i) Briefly explain the concept of uniform convergence

as applied to a sequence Un(z) with the sum U(z).

1 } converges to zeio

ii) Show that the sequence {-I—I—Hz

uniformly for all z such that |z| = 3.



b) Expand f(z)

1

(z+1) (z+3)

N i) 1< jz| <3
) "
7. a) Prove that
i) sin_lz = -itog [
ii)

b) State and pirove

Tayloi’'s

in a Laurent series valid for

Pl

j=ta

\

theorem Tor an analytis

function f. Hence expand f{®) =

the point z, = ™

» Y177
iz +(1 -z } J

sirhz = siqﬁcosy + icoshx siny

END

OF EXAM

2



THE UNIVERSITY OF ZAMBIA
SESSIONAL EXAMINATIONS - OCT/NOV 1995

HATHERARTICS ¥

9

426

TIME ALLOWED: THREE(3) HOURS

INSTRUCTIONS: ATTEMPT FIVE(5) questions in A
{(2) question

SECTION A{STRUCTURE AND REPRESCHMTATIONS OF GROUPS)
{Attempt atleast two(2) questions from this section)

i}  an inner automorphism of a gioup G
ii) the stabilizer &, of @ € & as applied to permutation d4roups
on ¢
(a) i) Show that the set of inner automorphisms InniG)
in & is a normal subgroup of the group of
automorpris aut(q) of
{G), and that inn{&) = G/2(G}
ii) Show that if G is a permutation group on O, then the
stabilizer of .6 is a subgroup of G for each
ax € O,
If for o,f € O there exists some © € § such that
- -1
o = ofic , then show that Gz = 06 0 . Hence deduce
that if G is transitive on O then all the stabilizer
subgroups G, are conjugate in G.
Fraictd v
b} Let 6 be a4PETﬁutati01 grﬁup on Q such that Aut{G) has an
element o of order 2 which leaves only the identity
element of G fixed. Then use the fact that each 0€G has an

- ¢
expression of the form ¢ = x x , Tor some x € &, to show

that Gy = G, for all ¥,8 € Q. Hence deduce that & is a regular
o

permatation gr

[y



pefine each of the following terms -

(i) a sylow p-subgroup of a group G

(ii) the direct product of two groups H and K

X .
a group of order PK- where p is a

s
prime and (p,k) = 1, then show that & contains a
d

o~
=
et
o
-
1 4]

s

=

N2,..,., [} be normal subgroups of a group
w

o5

iing conditions hold:

12 r
- A ED % — i
and NN, N L N, = {1i}.
Then show that ery element g in & has a unique expre 55100
- - L < mte !‘E ]
of the form ¢ nyM,...n_, where n, N..
veduce that if in addition, for each 1 # j, the order of

N, is relatively prime to N then <N, Nz,...,Nr> = H, X Hﬁ"..xﬁr

b) Show that if each sylow subgroup of a finite gr
normal, then G is a direct product of its sylow SUbGroups .
peduce that a group of order 15 is a direct product ¥
its sylow subgroups.

(i) & solvable group (ii) a nilpotent group

S01VADIE 1
{a) (i) Given that a gioup & contains a solvable normal
subgroup N such that G/H is solvable, show that &
is a solvable gioup.
(ii) Prove that every subgroup of a nilpotent group iz
ilpotent.
{b) (i) Show that the symmetric group 3. is not solvabie
(ii) Prove that a finite group ali of whose sylow subgroups
are normal is nilpotent.
Hence confirm that a group @ whose order is pi, wheire o
and ¢ are primes such that p>q and q does not divide
p-i is nilpotent.

o> ]



Define each of the following terms

(i} a completely reducible representation T of & group 8

(ii) a group filgebra Xa&.

{a} (i) Prove that over an algebraically closed field ¥ whos
characteristic does not divide the order of a group
ail matrix representations of § are completely
reducible.

(ii) show that there is a bijection between
representations of a finite group 6§ and
representations of the group algebra KG.

hY £y 1 A - .'..'..:2‘1\ L oos sl 3o e
{(b) L1} Llet G = x|x =i>. Then show that tne mapping
T{x) = {-1 -3] 1% a completely reducible repressntat
\
£ -~
I

ield of complex numbers €.

(ii) Determine the character table of the group

9
m
2]
—v{
C)
==
vs]
Lo,
=
[}
jor)
o
r—
™
f
:.
pe
ria
Lo
o
[ee}
o
=
™
<
3:3
feer

Befine each of the following terms

(i} a torsion element of an R-module 4

(ii) the order ideal o{m) of an element m of an R-module M.

ement m of an R-module M is a torsion

a) (i) Show that an el
i1 it and only if it has a non-zero orde,

element of H
ideal o{m).

(ii) If R is an integral domain, then show that the set
T of torsion elements of an R-module M is an
R-submodule of M, and that M/T is a torsion-free

R-module.

bj {i) show that a vector space ¥ over K is a torsion free
K-module.
(ii) Let r be a non-zero element of %qx The
its order ideal o(r}, hence deduce that 7. is a

torsion-free 7-module.

[
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pDefine each of the following terms

S

(i} a normal extension E:K as applied to field extensions

{ii) the Galois group G{E:K) of a field extension E:K.

{a) {i) Show that if £:K is a field extension such
fixed field for some Tinite group of automor
h =K is a noimal and separable extension.

group of a field ext=nsion £:K
A. - o male B2 2 b -
et L be the subfieid of
i by H. Then prove that if ©H is a
normal subgioup of G, then L:K is a normal extensioig
and that in this case, the Galois i

o fs

group G¥ of Lk i3
isomoirphic to G/H.

. ers . ‘ 4 "
b) Construct the splitting field E for the polynomial x -Z ovesr @,
and find the Galois group of the Tield extension E:8.

Determine all the subfields L of E such that L:G is a
P - i e

What is the meaning of each of the following terms:

(i) the Galois group of a polynomial f{x} € Kix]

{(ii) the polynomial equation f(x) = ©
{a} (i) Prove that if the polynomial equation f(x)
a field of characteristic zero is soivable by radi
then its Galois group is solvable.
(ii) Show that if p is a prime, and f{x) € Q{x] is an

irreducible polynomial of degree p such that fix;
has precisely two non-real roots in €, then its Galo
group is the symmetric group Sp.

A g .

(b} Show that x - 8x + & € @{x] is nut solvable by radi cals
H&nc d duce that a general quintic is not solva ii? Dy
radicals.

m
pra
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-
m
>
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TIME ALLOWED: Tthree(3) Hours,
INSTRUCTIDNS Attempt any Tive {5) questions.

1. aj Prove Bernoulli’s inequality which states:
h
If azi and 0<h%i then a -1i<2(a-1)h.

b} Let (X,d) and {Y,p) be metric spaces and T:X o Y. When ts f
said to be
i} continuocus on X7
ii) uniformly continucus on X7

c) The usual metric on R is d:RxR > R definsd by d{a,bizia bi
i}  Show that the function f:{0,®) » R defined by fixj=a ,

where a>i, is continuous on [0,%).
i1} Show that the function h:{0,1) » R defined by
h{x)=x/{1-x) is not uniformly continuous on [0, 1).
Z. aj Give the definition of a partially ordered set.

b} Define a well ordersd set.

c) tet O be the set of ordinal numbers and o, Beh. Let W e, WoE
such that quuﬁzw and let w:wauwﬁ, For any x,yEW write xsy if
any of the following hold:

. A.El.l - N ‘S“ L N -
1. X, yEW and x<y in o
- .EI_I so oF .S. g l.lw,
Z. X, ¥ 8 and x<y in H'H,
e d Ell Py E ."A
3. XEW and y Wg-
i} Frove that ¥ is a partially ordered set with ths order
relation defined.
ii}) Prove that W is well ordered.
3. aj i} Define an inner product space.
1i) Define an orthonormal set in an jnner product spac:

b Give an example of an inner product space, showing that it is

an inner product space.

(o2
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d) be a metric space and &CX.
[ g A o S b ey o s o o e Y
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hen is A said to be sequentially compact?
3 o em o e o D o e o e . 4 i e
A,dj be a mgtric space. FProve that if ¥ is s
then X is compact.

¥
{(X,¥)={L:zx > Y i

i b TSI S, 2 - . gy
hat LeY¥ {X,¥) is continuous on X if and only it
,d) be a metric space. Define the following:
- ey L . T3 I o~ A
open pall in X,
open set in X,
P B P I P S - Y
ClOSEQ 380 1IN AL
1 3
oy " £ £ Y L~ - - PR 1 z [ —
the open ball 311kﬂgﬁ;; as a set and diagram
2 | A .
cn o B F e ain e e e e BN Z i A T £ Y Lz A
metric spaces, 1) (K ,d_ ), iij (K ,d_j, iii)
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TIME ALLOWED: Three(3) Hours
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Frocessor
if flag A = 1, then set it to zero and continue il
if flag B8 = 1, then set it to zero and continue else wa
Load data item into the buffer.
Set Tlag B to 1
Set flag C to 1.
Peripheral
if flag € = 1, then set it o wWe
It flag B = 1, then set it to zZeiv
Copy data item From buffar.
3et flag 8 to 1.
3et flag a to 1.
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d)

a)

oy

i} Write down the steps 1ii ra
character from the processor to the periphe
values of flags at sach step.

ii) By studying the algorithms, and from your answer ©g

e
P=te

Pty

Py
Jebe

Pmit

P
i

Pt s
Pube hmise ot

< <
[ S

=8

{1}, you will realise that the purpose of flag B is tc
protect the buffer while it 1is being loaded or
unloaded. Briefly state the purposes of flags a4 ang C

i) if the peripheral works much more slowsr than b=
processor, at which point will most of the waiting ooour

iv) The Scenario in part{iii) is an example of &
boundedness problem associated with computer systeus ane
the type of boundedness.

i) Hame two major types of sscondary storage devices and
state the access type af 2ach device.

i) Name two major types of semi-conductor storage

i) Briefly state why Semi-Conductor Storage is faster
than the secondary storage.

) pefine the terms Bit, Byte and Word.

) A computer memory consists of cells each of which cin
store information, and can be referre 5
called its address. If a memory has n cells, then It
has addresses 0 to n—1

- - > > r

If a cell consists of r bits, then it can hold any one of &

different bit combinations.

Using the above ideas, give three different organisaitons of

a 96 - bit memory.

pefine the following terms and acronymns.

i) Communications Network

i) CHG3

i)  Full Duplex

v}  HModem

v) HMultiplexor

i} 3ession

i} Polling

ii) Monitor Station.

i) Ring, Star and Bus topologies ars examples of locai
Airea networxk topologies. Which of the terms o
concepts you have defined in (&) Would NOT appliad in
all the three topologies?

i) which of the above concepts are not 3
associated with the Communic-Li0ns 4specis © of | uump uter
Systems?T
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i) Name Tive(s
Computer 3y
the design
Justify the
role at suc

ii) Any properly functioning System nesds to i
its enviromment in as smooth a manner as i
pussible.

Naime and desciribs with t
possible, two (2] types
System may be subjectsd.

i) The design phase of any System is accomplished with the
help of several d ee{3} of these
aids being Data lowcharts
Tables. Briefls

ii} The following is
in SOMe COomRErc
Structured sngl
POLICY FOR INVOICE PROCEIZING
It the Invoice amount excesds K560,060.00,
If the account has any invoice more then sixty(60) days overdun
Hold the confirmation pending resclution of the debt.
Else{account is in good standing),
issue confirmation and Invoice
Eise{Invoice K506,006.00 or 1 )]
If the account has any invoice mor
Issue confirmation, Invoice d e
action report.
Flse{account is in good
Issue confirmaiton &
QUESTION: Represent
decision ta
the flowchar
above prace

=4
i



[l ]

i) £ Relation
22N ol
ii) r
iii) 2
iven the relati
here WHNUMB giv
he warehouse is
ccupies and MAY
airehcuse is loc
N
i)
ii)
T ErY
111 )
iv
C) Wha e
a 4
% - PV, S N, J— b, -
dj in proposing the adontion of a
concepts dare normally used.
i) Redundancy
ii) Data Independence
iii) inconsistency
iv) Data views
Apiain each of the ¥o
& Used in such propos
ims at eliminating Re
. a) Define the following terms:
i}  Hultiprogramming
ii) Hultiprocessing
g S N .- S = == v
111) An Operating System
i¥) A Process
b) CPU scheduling deals with the problem of dec
processes in the ready queus is to be alloca
are many different CPU Scheduling algorithms
- . x = = o - o - X - - - -
algorithms are First-come-first-served{FCF3)
first{3JF). FCF3 executes jobs using the Fir
PR PP 4 b
principie.
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i) Show how each of thesse jobs would
algorithms. Use a ganitt chart to s
TN -y - g—— - P ol P-Jr—. e, e -
i1} Which algorithm would give the mi
time?
oS Y P - . T - D £ I | £ 408
iiij From the results in (1) and (11}, w
algorithms would you rscommend for
1ife situaiton and why?
i)  wWhat is the difference betuesen
v i7
2N
i1}
7o compet d p
madieval pro
tack bo umbe
hall. cal
E W) . [ - L
e DO (A1)
down. Then the head monK would call
ol N DL o Ralgm gy AN ] - o o & P ™ S, i, 3
ChNE 2CP108s WoUrd CoDY 1Y Q0w [R1DY
until the entire book had been read
kY 4 . £ - PR, - [
j which of the Parallel Process
desciribed by the Toregoing procedura?.
} Draw a well labelied diagram of the
- E P oy . 2 o ia e = = Frn
will have mentioned in {(i).
Define the following terms:
i) Communicaiton protocols
TN PR
i1 Baud
iii) Coaxial Cables
iv} Bit serial transmission
V) Start and 3Stop Bits
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c)

ii} In the {ormulation of a definition for a local Ares
Network, there ars four{4) main points that have to
be noted. List the four points.

a) Briefly define each of the following terms

i}  Addressing

ii} aAbsolute Addressing mode

iii}  An Operation Code {OPCODE )

iv}  An Interpreter

¥}  Compiler

bj A Computer Science Department in a certain University
written to you for advice on the choice of a translat
program to be used with a programming languages for te
computer programming to freshers in Comouter Science

‘aim is to teach a high level programming language such

Pascal in a microcomputer environment. They expect tf

stugents to be taught in an envircnment that SUPports

interactive program debugging, bi

and ease of control of programs

i} Hame the type of tran
recoamend giving four{4) r G
prograim you have chosen.

ii)  High level languages are often said to b=
“people-oriented” wheie as low level languages are
said to be "machine - oriented” what is meant by the
foregoing expressions on  high and low level languages?

¢) What is the use of each of the
during processor operation?

i)  Acumulator (AC)

ii}  Program Counter{PC)

iii} Hemory Address Register (MaR)

iv)  Hemory Buffer Register (MBR)

) Is the subject of addressing a low level or high operation?.

fo
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TIME ALLOWED: 7

o5 [l Hal A e e ea A z - . = -
INb]_KUL]_IONb: AnswWer Any Five Questions.
Statistical tables will be provided.
i. a) Given two random variables X and ¥, define the m.g.f. of
their joint distribution. Hence define the m.g.f. of a
random vector I of dimension n.
g g boo am ¥ b
b) tet the random vector Z = (21, z,, z be distributed #{p,) )
i,
a s 3 3
. . t + St t
with the m.g.f. given by 1 {t) = ¢ 2
- | sy i-.t A » 2& 3 t2 [l 1 t;-)' L] 2J. 1 t e t e -i
- ':"pg_ 1 bop T ALy T L, TS, T AT 2“4t 1°a]
Find a constant a such that
- -
pl2z - 32+ 2z 5 al = 0.95.
I_ 1 2 3 J
c. Let X = (X1,X2, L X4) be distributed N{J,),) where
2 0 1 O
[G 3 6 2
=1, -1, 2, 0), } = ii 6 5 0
o 2 o 3
i) Find the distribution of
~
¥ = 5 l
1 - -
X, J
ii) Find the conditional p.d.f. of
{Xq, in X? = X, x4 = x4J and comment On your answer.
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Regression * *
Residual x *
F4 o fo 4 z

{Luck of fit) 237.3407 ¥
P .
{(Pure error X %
TOTAL * %

- P b S, o= o e me ou e = = . . - . - [ F 4 K - g .
For the linear regression model given in part{a}, define ths
ith residual e = "i -Y .

1
Y e - i R I g pm g ge. ie ge W e e ke
i) 3how that the residuals have zero mean.
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Find the variance of the estimator found in partib). falsc
state the distribution of ths estimator.
o P, O PR . S TP yz £ o b 3 b Y
Suggest an unbiased estimator of © {proof is not requived;).
Hence construct a 100({1-aj% confidence interval on f3 .
Suppuse the above regression model was Titted to a set of 15
data points and the following information was obtained.
i) Fitted 1line is ¥ = $.402¢6 X
ii) M3 = 6.08%3
.. - 2 _
iij x| = 4575.0
ferform a statistical test on the hypothesis H ﬁ1 G
ie)
and comment on the significance of regressioci.
The coiresponding intercept modsl ¥ = 80 T 81 O
fitted to the same data. Results obtained were:
i) Fitted line was Y = -0.09%38 + 0.4071x.
ii) The test statistic for testing
H.z ﬁn = ¢ wWas t T -0.85, with this information, ziate
which of the two Titted lines ¥ = 0.4026X or
y = 0.0938 + 0.4671x is a better Fit.
If the data used for regression model lie in a regicon of
x-space remote from the origin, would you recommend a
model without intercept? comment.

or with mean vector { oand
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C
column rank and € ~ N{G,0 1}, &
i i g i u

d , answer the following with Tuil
explanation and working if required.
2N P P - .s - - - ¥ - o - 2 e
i) Can we s0lve the normai equations
3’_ (7 - »-:_.
R P T K Y
if yes, how?
N [ I P o [N S PO i - g - I
i How many degrees of freedom are associated with S3E in thas
model?
T UG S - g . - P e [, - - R R P - 5 I
1) Define estimable functions of parameters vecior I ana
construct any two rasts of vector B which are estimable.
TN R e - . e e A o .- [ g T a0 Y
iv)} wWhat are the BLUE of the contrasts given in pary (iliii.

h " G
iv d of
1 f .
i3
the number of lice on the ith leaf from the ith plot,
i=1,...,25: 3 =1, 2, 3, 4. Preliminary calculations
gave the following:
25 25
v (Y] A\ LT LY : \?
Chemical Z i 2 '13? (7.3 27
i=1 i:i
I 360 44600 28.405
ii 374 6522 5.617
Ii1 459 3603 1.06861
i¥ &GO 15490 44.489

L
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25
A — >
(‘Y’ - \'1 %0
Lt .0 = 6582.110
i=1 3
4
1 s B by - - v rd "y EreY
ssume that ¥ g C U+ Gi Ve where ) i 0 and oy PHG (U
. . L ‘

i) Fill in an ANOYA table and test !
differ QUi C

ii}

LI IRY P, [ T VR ST .4 -

iii) Show that MSE is an unbiased estimator of 0 .

A Y

ivy

r
2



THE UNIVERSITY OF ZAMBIA
SESSIONAL EXAMINATIONS OCT/NOV/ 1994/95
MI10- NUMERICAL ANALYSIS

TIME ALLOWED: 3 HOURS

INSTRUCTIGONS: Answer ANY FIVE{(5) guestions.

INDICATE THE QUESTIONS ATTEMPTED
IN YOUR ANSWER BOOK

\\
ai. a) Use the Newton-Raphson method (Newton’s method) to
approximate to within 10*4 the solution of
- -X
sinx = &
in the inteirval [0,n/47].
b) Let x = p be a solution of x = g{x) and suppose that
is continuous in some interval [a,b] containing p.
suppose that g exists in {(a,b) with
fg"(x)] = Kk 41 for ali x € (&,b).
Show that the iteration pirocess defined by P, = g(pn_1)
converges for any X infa,b].
2. Let the function { be given by the following table
X [ 1.0 | 1.1 | 1.2 | 1.3 | 1.4 | 1.5
f(x)| 43.4 | a47.7 | 52.1 | S6.4 | 60.8 | 65.1
+ a) Find the following derivatives
i) F{(1.0) ii) f'{i.5) iii) F7(1.2)
b) Approximate f(1.15) using the langrange interpolating

polynomial of degree 5

o)



3. aj)
~ b)
~
c)
Q4. a)
b)
5. a)
b)

510

let T be a function defined on the interval ta,b].

b
Derive simpson’s rule for approximating J fx)dx
a
2.6
- - -
Use simpsons Rule to approximate J xe dx
1.8
with h = o.2

Find a bound for the Erior.

Find the first three iterations obtained by the power method
applied to the matrix

4 1 1 1
1 3 -1 i
1 -1 2 o]
i i ¢ 2
using x "7 = (1,1,1,1)°.
The linear system Ax = b is given by
2x1 + X, = 6
3x2 + 2x3 =z -1l
=, + 2x2 + 4x3 = 9..

Use the Gauss-Jordan method to find the inverse, 9'1 of the
matrix A. Hence solve the system.

L=

Use Eulers method with h = 0.25 for the initial value problen

y' = -y + t7 4 1 , 0st=<1, y(0) = -1

Let p(t) be the number of individuals in a population at a
given time t, measured in years. If the aveirage death

rate d is proportional to the size of the population, then
the growth irate of the population is given by the
logistic equation

d t 2
9B = b p(t) - kip(t)]
Suppose p{0)} = 50,976, b = 2.% x10~2 and k = 1.4x10
Find the population after two years using the Runge-Kutta
method of oirder 4 with h = 1.




6. Given the initial value problem

y'+ 2y +y=ze’, 0st=s2, y()=1, y(0) = -1.

Use the Runge-Kutta method of oirdei four with h
approximate the solution at t = 1.1

T
O
-
g

7. Consider a population table of a particular town. The year is give

and the corresponding population in thousands e.g in 1940 the
population was 131,66%,000.

Year | 1930 | 1940 | 1950 | 1960

| 1970 | 198¢
Population | 123,203 | 131,669 | 150,697 | 179,323 |20

3,212 | 226,50

a) Construct a divided difference table from the table above
b) Using an appropriate divided difference method, approximate
i) The population in 1975

ii) the population in 2005

END OF EXAMNM
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APPLIED ECOLOGY

TIME: THREE HOURS

ANSWER: FOUR QUESTIONS. QUESTION 1 AND ANY OTHER THREE. ALL

QUESTIONS CARRY EQUAL MARKS.

THE USE OF AN APPROVED ATLAS IS ALLOWED. YOU ARE
ENCOURAGED 10 USE MAPS AND DIAGRAMS WHEREVER POSSIBLE
TO ILLUSTRATE YOUR ANSWER.

{a) The Chitemene shifting cultivation is an extensive land
use system which is an adaptation to the inherent soil
fertility status in the areas in which it is practised.

Discuss.

{b) What are the advantages and disadvantages of agroforestry
as an alternative landuse system to Chitemene?

Solid waste disposal is one of the many environmental
problems of the city of Lusaka today.

(a) assess the magnitude of this problem and its implications
on the socio-economic environment of the city.

(b) suggest waste management measures that must be practiced

to minimize the problem.

Outline the major threats to biodiversity in Zombia today

and state why it is important to conserve biodiversity.

(a) Explain how chemical resistance leads to pesticide
treadmill in pest control.



.

(b) What is Integrated Pest Management (IPM)? Explain
the principle behind IPM and how can this help break
the pesticide treadmill?

Outline the main wildliife utilization types in Southern
and Eastern Africz and suggest management strategies for
the resource to ensure wildlife based sustainable developnent

in the region.

abistic

Describe the biotic and Vfactors that affect the structure
and composition of tropical forests. What are tha tareats
to the normal functionirg of tropical forests zand how can
they be protected?

END OF EXAMINATION



THE UNIVERSITY QF ZAMBIA

UNIVERSITY EXAMINATIONS - OCTOBER/NOVEMBER 1995

NR 435

NATURAL RESOURCES ECONOMICS

TIME: THREE HOURS

ANSWER: FOUR QUESTIONS - QUESTION ONE (1) AND ANY OTHER THREE

NOTE USE OF AN APPROVED CALCULATOR IS ALLOWED
Q1. (a) Define the term common Property resource and Fa ~
characterize the tragedy of the commons . -

(b) By means of the yield effort curve, devict ang 2xplain
the economic optimum, the biological equilibrium and
the common property equilibrium.

(¢) Why is free-access equilibrium in the common property
resource inefficient?

to plant eucalyptus trees on his land. Suppose for
simplicity, unpriced non-market impacts of this plan are
ignored and the relevant costs are all resource-using
activities associated with the plan. The following cost
and benefit cash flows occur in the Years given from the
start of the Project:

ITEM YEAR VALUE {(in ZK)
1. Land clearing & ploughing 0 480,C0C.00
2. Planting 0 500.0066.09
3. -Fencing 0 650.000.00
4, lst Weeding 3 190.020.00
5. Spraying 6 450 .050.G0
6. 2nd Weeding 9 200.,00G0.00
7. lst Pruning 16 15¢.000.00
8. Value of 1st Prunings 16 100.900.00
9. 2nd Pruning 30 250,000.00
10. Vvalue of 2nd Prunings 30 315.0C0.09
11. Clear felling 45 570,080.00
12. value of timber 45 5.515.000.00




Q3.

05.

06.

a) Calculate the Net Present Value (NPV) of the project at

6% discount rate. Does the project pass the KNPV

3 Gl

2zt’

b) What would be the NPV test result if the discount rate
is reduced to 4%7

c) Given the assumptions of the project plan, comment on
the validity of your results.

Suppose that a forest stand is a National Park of oid
growth which is protected in order to conserve blof cgic
diversity, but because of human encroachment, the pesrk is
severely degraded. Discuss the strategies which public
authorities can employ to protect the park whilst wmeeling
the demands for economic development.

{a) Characterize the growth function of the fisheries mcdel
and explain the meaning of critical depensation growth
function of £ich?

Tl

(b)Y Explain the concepts of sustainable yield and maxi
id the

sustainable yield. Under what circumstances wou
vield of fish be zero?

(c) Compare and contrast the profit maximizing soluticn to
the sustainable yvield sclution of the fisher:ies model.
Why are both sclutions unstable?

Evaluate the Limits to Growth Model's predictiocns of the
world economy against the current world economic order

Suppose you have been asked by Zambia National Tourist Board
{ZNTB) to conduct a valuation exercise to provide an estimate
of the economic value of South Luangwa National Park in the
Luangwa Valley as an environmental asset.

(a) Choose the most suitable valuation technigue and explain
how vou would proceed with the valuation exercise.

(b) What problems are you likely to encounter with the
technique you have chosen in the valuation exercise?

Discounting is performed by economics to calculate the
present value of a stream of costs and benefits assoniated
with a project or policy. What in your view are the
justifications for natural resource economists to support
discounting?

END OF EXAMINATION

N
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(23
1. (a) The displacement of an object moving under uniform .
acceleration iz some function of time and acceleration.
Suppose we write the displacement‘as 8 = kamtn, where
k is a constant. Show by dimensional analysis that this

expression is satisfied ifm=1"and n = 2. [ 4 ]

(b) For the diagram shown below, if my = ikg, m = 10kg, and
m,= kg,

4

(i) Find the acceleration of the system and the tensi
in both the cords. Assume that the pulleys are mass-

less, and that there is no friction. [ 3 + 2 + 2 ]

{ii) 1f the coefficient of friction between the tabvle
and mass m is 0.1, find the acceleration of the

system, and the tension in both cords. [ 3 + 3 + 3 1

T, . T A+ y
1 T 2 _
LU
7 ™~ “
7 Table 7
™ z =o z "2

~| 7
o 7

AP A A e A A

2. (a) In an elastic collision, kinetic energy is not conserved T
Doea this violate the law of oconservation of energy 7
Explain. [ 1 + 1 ]

{(b) The bob of a Zm long pendulum has a mass of 0.bkg.
The bob is pulled to a side until it makes an angle of
30“ with the vertical . Calculate

(i) the change in potential energy,
(1ii) the work done in moving the bob, and
{(iii) the speed of the bob when it passes the lowest

point after being released. [ 2+ 2 + 4 ]

{c) A 20g bullet moving with a speed v becomes embedded
in a block of mass 980g as shown. The block is tied to
a spring that compresses 10cm. Find
(i) the final speed of the block-bullet combination,
(ii) the initial speed of the bullet, and



Py
i

(k)

{a

)

3

Lo

{iii)the kinetic energy lost in the collision.
(The spring constant is 1000N/m.) { 3+ 3+ 4 ]

\\

=

v — N
N
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The figures below sghow identical solid rada. The dotted

t
lines zhow the of votation. Explais which rod has

greater moment of inertia, [ 4 ]

. \\ . . e
‘”C) rod 1 cob rod 2

T
D

A pipe cpen at both ends has a fundamental freguency

TN

of 300Hz when the velocity of mound in air is 340m/=.
(1) what is the l&ngvﬁ o

i
what is the fregquency of the second harmonic

~~
pede
e
St

when the temperature of the air is increased so0
351im/s 7

[ 3+ 31

A flywheel, when slowed down from G0rev/min to 30

loses 100J of energy. What is

that the velccity of scund in the pipe is

(i) 1its mcment of inertia 7 5 7

(i1) the change in the angular momentum A S T

Write short nota:z

{i} the first law of thermodynamics, and

(ii) an isothermal process. [ 1+ 171
, 3

One gram of water occupies a volume of 1cm™ at the

hoiling temperature and atmospheric pressure of 101kPa.

. Y . , . 3

When this water is boiled, it becomes 1671lcm of steam.
e

Calculate the change in internal energy for this procesas.

into external work 7
FE40cal/ge. [ 4 + 4 ]

What percentage of the heat goe

¥
]

Heat of vaporisation of water i

o]




(4)

(c) A certain amount of nitrogen gas is to expand
adiabatically from its original pressure of 3.0 x 106Pa
and temperature of 27.0°C to such a volume that its
temperature becomes ~-15°¢C.

Find the final volume as a function of the initial

volume. (CP/CV = ¥ = 1.4 for nitrogen). [ 10 ]

(5) (a) A particle of charge q is travelling with a velocity v
R perpendicular to a uniform magnetic field B. Relate the
radius of its path to the kinetic energy of the

particle. [ 41

T
Ny

(b) Calculate the electric potential at point P due to

charges g,z gqq,= 8pC and g,= 9,= -12pC as shown. [ 6 ]
1 3 2 4

a3

1 Yoe =
} 4
¢.10m l*"_ 0.15m —~—
P

9y

0.10m
91 @4;__5,i q
«—— (.15m ——
(c) An electron is shot along the x-axis with a velocity v,
into a uniform electric field along the negative y-axis
as shown in the figure.
Show that after a time t the coordinates of the

electron are {71

e B 2
X

2mv

oW

Hence or otherwise calculate the value of F for
x = 0.5m, y = 0.10m, and v_= 1 x 107 m/s. [ 3]
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Which two conservation laws are embodied

i
rules for electric circuits ? [ 1+ 131

Four 120V, 30W electiric lamps are connected in parallel.
The group is then connected in series with a ccil of 80
registance. ;
(i} How much power is dissipated in each lamp, and in
the coil when the combination is connecte
a 120V battery 7 [ 3+ 3 ]
{ii) What are the voltages acros
the coil ? [ 3+ 313

A voltage source with a maximum output value of 110V

(0]
ot
o
4
st
W
=
e
o)
Q
]
o
m
3
Lyd
s
w
ol

and a variable frequency is connected in series with

the following elements : L = 1&86mH, C = 0.2pF, and

E = 888, Calculate

{i) the resonance frequency of the circuit,

(ii) the impedance of the circuit, and

(iii)the average power deliversed to the circuit when
the frequency is 600H=. P 2+ 2 4+ 21

State the two conditions under which total internal

reflection of light can occur. [ 24+ 2 ]
Derive the thin.lens formula, % + % = % , Where

p ias the object distance, g is the image distance,

and f iz the focal length of the lens. [ 81

An object ia placed 12cm to the left of a diverging
lens of focal length 6cem. A converging lens of focal
length 1lZcm is placed at a diastance d to the right of
the diverging lens. For what value of d is the final

image formed at infinity 7 [ 8 ]

Write short notezs on
{i) near point of the eve, and

{i1i) astigmatism of the eye. 2+ 273



and refracted rays is to be 90" 2 [ 6 ]
~
(e} An alternative form of the lens and mirror egquations
2 . . .
18 sis(: 7 where 2, is the distance of the ohiect
o) ¢
“~ A - « 3 . 1
from the focal point, and =. is the distance of thes

'

image from the focal point. Derive thia relation.

Show & _ and 5y in a sketeh for a concave mirror. [8 + ol
[
--— END OF EXAMINATION ---
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YOU MAY NEED THE FOLLOWING:

° v2
V=VvT, a=vi+5n

.

oo o2 A A e® A oo n
a=(r-r10 r+(@0+2r0)0+ zz
c1=1.55%x107*D; ¢, =0.22D2
X(t) = Ae™ cos(wt — @)

—y lte
°1+ecos®

[sec*06do = ‘—“‘%Q(z +sec?0)+C

doL _JL. oH_e. oH_ 3
dtgg 99 dp 7 dq

— / _ 2
W= X=Vt ./ t-Vx/c?

J1-vz/cz’ J1-V2/e2

mo / Vx —V

1—v2/c? o T - Vv, /c?



Ql.

Q2.

(a). Consider a ball thrown vertically up. Taking air resistance into account, would you
expect the time during which the ball rises to be longer or shorter than the time during
which it falls? Explain. 3)

.

(b). A metal block of mass m slides on a horizontal surface which has been lubricated
with a heavy oil such that the block suffers a viscous resistance that varies as

F(v) = —cv3?

If the initial speed of the block is v, at x = 0, show that the block cannot travel farther
than 2mvg>/c. (7)

(c). (i) Show that the terminal speed of a falling spherical object is given by
vi = [(mg/ca) +(c1/2¢2) ]2 — (c1/2¢3)

where both the linear and the quadratic terms in the drag force are taken into
account. (5)

(i1) Use the result to calculate the terminal speed of a soap bubble of mass 107 kg and
diameter 10 m. Compare with the value obtained by using v, = (mg/c1)'? - the

result obtained when only the linear term in the drag force is considered - and
comment on your results. (5)

(a). (i) Define simple harmonic motion. (2)
(ii) Show that the equation

X = asin(wt + €)
fa
represents such motion and explain the meaning of the symbols x, a, w, and &.
(%)
(iii) Draw with respect to a common time axis graphs showing the variation with time of
the displacement, velocity, and kinetic energy of a heavy particle that is describing
such motion.
(4)
(b). (i) Show that for the damped harmonic oscillator, the time rate of change of the
total energy is equal to the product of the damping force and the velocity.
(3)
(ii) A block of mass 1.5 kg hangs from a spring of force constant £ = 8.0 N/m. The
block is pulled down a distance of 12.0 cm and released. Assuming the resisting
frictional force is given by -bdx/dt, where b = 0.23 kg/s, find the number of
oscillations made by the block during the time interval for the amplitude to fall to
one-third of its initial value. (6)



Q3.

Q4.

(a). Consider the two force functions;
(1) F=xi+yj (1) F=yi-xj

Verify that (i) is conservative and that (ii) is non-conservative by showing that the
integral | F o dr is independent of the path of integration for (i) but not for (i1), by

taking two paths in which the starting point is the origin (0,0) and the end point is
(1,1). For one path take the line x = y. For the other path, take the x-axis out to the
point (1,0) and then the line x = 1 up to the point (1,1). (12)

(b). The potential energy corresponding to a certain 3-dimensional force field is given
by

V(x,y,z) = %k(x2 +y*+22).

(1) Derive the force vector at each point in terms of the coordinates (x, y, z) of the point.

(3)
(11) Derive the force vector at each point in terms of the spherical coordinates r, 6, ¢ of
the point. (3)

(111) Can you think of a physical model of such a force? (2)

(a). (1) Define gravitational field strength and gravitational potential, stating the
relationship between them. (3)

(11) Distinguish between the gravitational constant G and the acceleration due to
gravity g. (3)

(b). A sphere of matter of mass M and radius a has a concentric cavity of radius b as
shown in the figure below. (7)

Sketch the gravitational force F exerted by the sphere on a particle of mass m located a
distance r from the center of the sphere as a function of 7 in the range 0 <r < oo, clearly
showing the points » =0, b, a, and <. (7)

(c). How long will it take a comet, moving in a parabolic path, to move from its point of
closest approach to the sun through an angle of 90° measured at the sun? Let the
distance of closest approach to the sun be equal to the radius of the earth's orbit, r,,
assumed to be circular. (7)



Qs.

Q6

(a). Can a body have energy without having momentum? Explain. Can a body have
momentum without having energy? Explain. (4)

(b). A certain nucleus at rest disintegrates into three particles. Two of them are detected
with masses and velocities as shown in the figure below where m, = 17.0 x 10° kg,
v, = 6.0 x 106 m/s, m, = 8.0 x 107" kg and v,= 8.0 x 10° m/s.

B
m 2
Y2
(1) What is the momentum of the third particle of mass m, = 12.0 x 107 kg?
(6)
(if) How much energy was involved in the disintegration process? (3)
(¢). Show that the kinetic energy of a two-particle system is given
T= %mvzm + —é-l,tv2
where m = m, + m,, v is the relative speed, and [ is the reduced mass. (7)

(a). Describe how you would experimentally determine the moment of inertia of a
rigid wheel about its usual axis of rotation. (6)

(b). Show that the moment of inertia of a rectangular plate of sides @ and 5 about an axis
perpendicular to the plate through the center is

1 2, n2
I=—M{(a*+b
o M(@%+0%)

where M = mass of the plate. (7)

(c). A wheel is rotating with an angular speed of 800 rev/min on a shaft whose moment of
inertia is negligible. A second wheel, initially at rest and with twice the moment of

inertia of the first, is suddenly coupled to the same shaft.

(i) What is the angular speed of the resulting combination? (4)

(i1) Account for any changes in the kinetic energy of the system. (3)

A



Q7.

Qs.

(a). What do you understand by the terms

(i) generalized coordinates, and (3)
(ii) generalized force? ’ (3)

(b). Two books of equal mass m are connected by a flexible cord. One book is placed on a
smooth horizontal table, the other book hangs over the edge. Find the acceleration of
the system using Lagrangian mechanics assuming the mass of the cord is negligible.

(7)
(c). Find the Hamilton canonical equations for a particle of mass m sliding down a smooth
inclined plane, where the plane makes an angle 6 with the horizontal. (7

(a) State the two fundamental postulates on which the special theory of relativity is based.
(2)

(b) Two neutrons A and B are approaching each other along a common straight line.

Each neutron has a constant speed Pc as measured in the laboratory, where c is the speed

of light. Show that the total energy of neutron B as observed in the rest frame of neutron

Ais

1+p%
E = l—_—[ﬁmoc
where myg is the rest mass of the neutron. (8)

(c) A rocketship of proper length 1y travels at constant velocity v relative to a frame S (as
shown in the figure below). The nose of the ship (A') passes the point A in S at time

t=t'=0, and at this instant, a light signal is sent out from A' to B".
/

T ~ K

Vv

A

(i) When by rocketship time t' does the signal reach the tail B' of the ship?
(2)

(i) At what time as measured in S does the tail of the ship pass the point A?
(3)

(iii) Show that as measured in S, the signal reaches the tail of the ship at time

(= [ 1 —v/c:lmlg
1+v/c ¢’

(5)

HHHHHHHE R END OF EXAMINATION #H###HHHHRHAHHA
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The following data and formulas can be used where-ever necessary:

speed of light ¢ = 3.0 x 10° m /s
1ev=1.6x10197
electronic charge e = 1.6 x 10 19¢
electronic mass m_ = 9.1 x 10_31 Kg
1 atomic mass unit, u = 931.3 MeV
Avogadro’s constant N, =6.02 x 1023/mole
Planck "s constant h = 6.625 x 10_34Js
Photon energy E = hu
1 Angstrom 1 X = 10‘10 )
ex:1+x,x<<1
IT=1o(1-e /7))
0032(6) = cos (2¢) + 1
2
Rayleigh - Jean’s law = I(x)dr = 8nkT d»
»*
Wien's formula = I(Z)dr = Cix™> ax

e CZ /}\T



SECTION A: ELECTROMAGNETISM

L Q1 (a) If the net electric field at a point in space is zero, can we
say that the gg}_electric potential at the same point is
also zero? Is the converse statement true? Give reasona
for your answer. (el

(b) A charge q is uniformly distributed on a ring of radius a.
Derive an expression for the electric field, E fcr the points
on the axis of the ring as a function of the distance X from
the ring s centre. {81

(c) Verify that the expression for E obtained in part {b} reduces
to expected results for x = 0 and x >> a. #hnat o the
physical meaning of these ressults ? [6]

Q2 (a) A copper wire is specified to have a cross-secsioral area of
9 082 X 108 m%. Find the magnitude of the drift velocity
of the charge carriers when the wire is carryiag o ~urrent
of 15 A. [71
Data: molar mass of copper = 63.5 gram/mole
density of copper = 8.3 gram/cm3

{b) Find the magnitude of the internal electric field that drives
the current in the wire cited in part (a) given that the
resistivity of copper at room temperature g, = = 1.77x10wsﬂm

[4]
(c) The circuit illustrated beiow is called the poientiometer.
”fo 1
. T
I |
. 1
g . r
Figure 1. X B
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|
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(1)
(ii)
(iii)

{iv)

Q3 (a)

(b)

(i)

(ii)

(1ii)

(2)

A steady current i supplied by ‘an auxiliary babtizry F flows
in a uniform wire GH. Lo

be determined is compared with 8 a standard basttory of  Enown

The battery labelled ¥ whosa emf is
enf. Switch C is opened and B is closed. The pointer D is
then slid along GH until ammeter A reads zerc. The length L=
,between balance point and H,is then noted. B iz now opened
and C is closed. A new position is found to give a zero read
ng and the length Ls. between the new balance point and B is

mecasured.

1f the resistance per unit length of wire GH is », write the

voltage equation for loop DHBXD when ammeter A reads pero.lZ

Do the same for loop DHCSD when X is replaced by 5 ( L.e when

switch C is closed and B is open ). P27
Write the equation for the calculation of the enf of battery
X. [z21
Why is the calculated value an emf and nact a terminal
voltage {31
The statement fCSB.dS = 0 is sometimes referred to as Garss’s

law for magnetic fields. Compare and contrast this with the

same law for electric fields defined as ICEE_dS = Zq - [41

€

A long straight thick walled metal tube has inner and outer

radii of r and r, respectively. A current I flows along it,
the current density being the same every-where within the body
of the tube.

Show that the magnetic Tield inside the body of the tube at

distance r from its axis has the value given by

2 2

B=pel {((r7 - ) ,£8}
o 2 2 )
r( r, r, -
Write expressions for B in the regions 0 < r < ¥r, {47
and r, <r
Make a sketch of B versus r for the region 0 <« v <« r, - [4]

o



@4 (a)

{b)

(c) (1)

(i1)

(iii)

| (3) .

The rectangular loop of wire shown below ( see figure 2 ) is
being pulled to the right, away from the long straigbt wire
through which a steady current 1 flows upward. Docs current

in the loop flow in the clockwise or anti-clockwisoe sense 7

Give reasons for your answer. {4}
¥
i
i
H
Figure 2 .
€ i A A § (VA<D
3
L 1
H
4

The magnetic flux through the loop perpendicuiar to the
plane of the coil and directed into the paper Lo varying
according to the relation
§B - 6t + 7t + 1 where %; i in
milliwebesrs and t is
in seconds.

Find the induced emf in the loop when t = Z.0 scous. 147

The current in an LR circuit builds up to one third of itse

steady value in 5 seconds. What is the inductive time constant
(5]

What is meant by the term " rcot-mean-square " of an alter—

nating voltage % {23
For a sinusoidal voltage given by V = Vo cos wi,snow that the
root~ mean - square (Vrms) of this voltage is given by I'5]

Vrws = Vo where Vo is the voltage amplitude

V2

END OF SECTION A



(4)

SECTION B: ATOMIC PHYSiCS

45 (a) What do vyou understand by the term "ultra-vicolet
catastrophe” as applied to black-body radiation ¥ 27
" (b) Planck s radiation law for the distribution of intensity of
radiation in the spectrum of the black-body is stated as

i ( by )d)\ = 87ha dr
.5 ehc/hkT

A

Show that this expression reduces ts Ravleigh - ﬁean’; law
at long wave lengths and to wien’'s law at short wave-lungihs.
{81
(c) An experiment on the photoelectric effect of cesi.r gave the
following results: stopping potentials for A = 43%& rd
n = 54681 K were 0.95V and (.38 V respectively. ‘rm these
data, find the Planck s constant h, the threshcld Iracuency

v o and the work-function of cesium. 107

6 (a) Bohr s theory is a mixture of classical physici  and  the
energy quantization ideas introduced by PLanck. lafact, it i
sometimes referred to as a semi-classical theory. lihow tlat
thig is so by considering Bohr s second postulate and Lhe ce-
ntripetal force on the orbital electron in the hydrogen atom.

- . .- . . s . C s . 6l
'h) (i) What is the essential difference between lonlzation and Y7

" "

excitation potentials ? T4l
(ii) In sodium, the wave-length at which there is transition of
an electron from the first excited state to the grcard state

is 5896 A. The ionization potential of sodium is ©.!

volts.

According to the Franck-Hertz experiment,at wha® gryelengths

should we expect drops in the current Ip ? {67
() Calculate the de Broglie's wavelength asscciated with an

electron moving with a kinetic energy cof 10 eV. 147



(5)

Q7 (a) Radio-carbon dating is a method that is used to debnrmine the

age of organic relics. Describe the natvral physical
processes that form the basis of this method. 82

{b) An Archeologist finds a piece of wood in an excavaizd houno
which he knows to be og great antiquity. He onrindgs the wood
to you to examine. It is found to weigh 50 z-aas snd shows
C-14 activity of 320 disintegrations per miru-e. Ketimate the
length of time which has elapsed since the wood was part of
a living tree, assuming that living plants shows a (-14
activity of 12 disintegrations per minute par pguras.
Halft-1ife of C-14 is bH73Y years.

=~
'h—l
£
*

IR

Q8 (a) What are ~ nuclear reactions”™ ? Discuss how there reactions
differ from " chemical reactions " taking the following into
account:

(i) amount of energies involved;
{ii) the particles involved; 191

(iii) atomic and nuclear changes involved.

(b) (i) Atomic and molecular reactions also involve hinding energies.

why didn "t the nineteenthe centuary chemists obs~arve mass

. . . . . {4z
deficiencies in these reactions ? T

(ii) How much energy in MeV would have to be suppl.ed to a

£

. b2 . ca s s ) .
nucleus of o4 Cr in order to split it into two itdentical

fragments 7 [71
[ Sy A_ .
The atomic mass of ;éCr in 51.94051u
26 + iy e 3t
and that of jyﬁg is 725.982Cu

END OF EXAMINATION

Y -



THE UNIVERSITY OF ZAMBIA

PHYSICS DEPARTMENT
UNIVERSITY EXAMINATIONS-1995
P-302
(Computational Physics-I)
Time: Three Hours. Max. Marks: 100

Answer:(i) Question One is Compulsory.
(i1) Any Three Questions from 2,3,4,5 and 6.

All Questions Carry Equal Marks.
(Marks are shown in the Square Brackets)

INSTR UCTION: Whenever necessary, use the information given in the Appendix.

Q.1. (A) Identify the errors if any in the following [8]
(i) NAME=UNZAS
(ii) DIM(5,6)
(iii) DEF FNZ(Y =X*X+2*X+1
(iv) PRINT NAME OF THE SCHOOL'
(v) IF (J=0) THEN
PRINTK
IF(K=0) THEN
PRINTJ
ENDIF
(vi) FOR L%~=1 TO 10
P=P+1
FOR K%=5to 10
X=X+1
NEXT L%
NEXT K%
(vii) OPEN 'FILE1' FOR OUTPUT AS # 1
(vil)READ#2,X,Y,A+B

(B) The following segment of the program is intended to calculate N! . 2]
Does it achieve the intended purpose?
M=1
FOR I=1 TO N-1
M=M*I
NEXT



2-

(C) Write a program to read and print 2]
x,and y, for i=12,.... 10. i
(D) Translate the following into BASIC expressions [3]
A PO 1 | NN . N
O @ e-™ @ )
(E) Translate the following into BASIC using FOR loops [5]
H S-= g a; x;
‘ i=1

(F) Given a two dimensional array A of size 10 x 10, write a sequence [51

of statements in BASIC which could replace all except diagonal elements
by zeros.

Q.2. You are given an input file with the name XY.DAT containing the following [25]
data corresponding to variables (x,, y; ) for i=1,2,.....5. The data are
available in the data file as shown, the first column being for x; and the
second for y;.

0.1,0.5
0.2,0.7
0.3,0.95
0.45,1.12
0.78,2.14

Write a program
(i) to read the given data from the input file,

(ii) to write on an output file XY.OUT with headings X(I) and Y(I),
(iii) to calculate following sums

in: inzy Zyl i Eylz s Exiyl

and to write them into an output file.
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(iv) to calculate the following sums so as to have reduced truncation errors

L 1
) i’ ) Yi
Q.3. The major natural satellites of the first five planets from the sun are [25]
Planet No. Name Name of Satellites

(in order of increasing orbital radius)

1 Mercury none

2 Venus none

3 Earth Moon

4 Mars Phobos, Deimos

5 Jupiter Io,Europa,Ganymede, Callisto
Write a program

(i) that stores the above information in a suitable form in an input file,

(ii) that lists all the satellites(if any) of a planet chosen by the user
through the default input device,

(iii) that displays the name of the planet, given the name of the satellite
through the default input device.

Q.4. Suppose a body of mass m is travelling vertically upward starting at the [25]
surface x =R of the earth, where R is the radius of the earth. If all resistance
except gravity is neglected, then the escape velocity v is given by

[0
v2 = ZGRI z"'zdz where z = x/R
1

G = gravitational field strength = 6.672 x 10" Nm’ kg”
R = radius of the earth = 6.4x 10°m .
Write a program

(i) that calculates the escape velocity,
(ii) that writes the output to an output file.

Hint: Change the variable z so as fo make the integration range finite.
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Q.5. The Van der Waals equation for an imperfect gas is given by [25]
_ 8t __ 3
P=3v1 ™ W2

where p=PP, , t=T/T, and v =V/V, .

Here P, , T, and V, are values of pressure, temperature and volume
respectively  at the critical point.

For CO, ,
T, = 30426 K , P, =7.40x10° Pa and V,=2.02x 10° m® /mole

Write an algorithm in pseudo-code to compute enough values of p to plot
four isotherms ( p-v graph at constant temperature) at temperatures

=07 ,09 , 10 and 1.2
v= from 0.5t01.5 and p=from 0 to1.5 .

Q.6. A body of mass m moves along the elliptical path given by [25])
% a2 | b2 ’

Assume that!accelemﬁon is parallel to the y-axis and the initial conditions
at t=0are

x(t=0)=0, y(E0)=b
and

x-component of velocity Vx (t=0)=

y-component of velocity vy (t=0)=

Yo
S2
Yo
7

The force acting on the body at every point of the path is



mv(z)b4

where F, and F, are x- and y- components respectively. This leads
to the equation

dVy _ V% b4
dt a2y3

Assume that a,b, v, and m are given and
X(t+At)= x(t) + vx(t)At
y(t+At) = y(t) + vy(t)At .
Write an algorithm in pseudo-code

(i) to find the velocity along the y-direction at
t=0, 0.1,0.2,.. up to 1 second,
(i) to find the maximum velocity attained during the given period.

@@@ END OF EXAMINATION @@@
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APPENDIX

1.Non-Linear:Equations:

Neﬁon-th)hson method:

_ _ f(Xp-1)
T )

2.Integration:

(a) Trapezoidal Rule:

b m=1
[fxyax = O.Sh[f(a) +£(b) +2 % £x;)
a i=1

with xj=a+jh with j=1,2,3,.......... Jn .

(b) Simpson Rule:

b ;
[fodx = B[f(a) + £b) +4(Fy + 83+ E5 o+ o 1)
g

+2(f2+f4+f6+ ........ +f2n)]

(c) Monte Carlo Method:

b N
_ (b2 ,
i fdx = S 2, )



3. Soiution of Differential Equation:
(a) First qrder Difyerential equation with initial conditions:

%=ﬁx,y) :

Fourth Order RK-Method:

where
=hf(x,y)
k, =hf(x,+0.5h,y, +0.5k;)
k,=hf(x,+05h,y, +05k,)

k,=hf(x;+h,y, + Kk, )

(b) Second Order Differential Equation:

% + k2 (x)y = S(x)

Numerov Method:

h? .2 5h 2
(1+77 K541 W¥ne1 — 2(1- kn )yn+(1+—-k 1 )¥n-1

h2
1—2(Sn+1 + 10Sp + Sn—l)
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»

STATISTICAL PHYSICS AND THERMODYNAMICS

TIME: THREE HOURS
ANSWER: ANY FOUR QUESTIONS
ALL QUESTIONS CARRY EQUAL MARKS

MAXIMUM MARKS 100

Useful information:

Stirling's formula: nn! =nlnn-n

S=kin@; kT=1; p=20%2
I~ e’ dx = g
0

oo_(xxzd:i'
7 e ™ xdx 3o

o2 1
[o e x}dx = Foi?

_(2E) _ (28
e-(53) (&),

The Maxwell relations:

) AR (5=

) -G B

The binomial distribution:

N!

W)= n!(N -

)
)

n)!pn(l _p)N—ﬂ

Page 1



I(a) A man is walking randomly in steps of equal length up and down a slope. Assuming
that the motion of the man is one-dimensional, and that the probabilities of his taking a step
down and up the slope are 3/4 and 1/4 respectively, *

(1) what is the probability that his first five steps are all down the slope and the next five are
all up the slope? (2)

(i1) What is the number of different ways in which he can order his steps so as to come back

to the starting point after a total of 10 steps? (2)
(iii) What is the probability that he is found at the starting point after a total of 10 steps?

(2)
(1v) Calculate the expected position of the man after a total of 10 steps?

(4)

(b)(1) Distinguish with examples the difference between a purely thermal and a purely
mechanical interaction. (5)

(11) In a quasi-static process A — B in which no heat is exchanged with the environment, the
mean pressure of a certain amount of gas is found to change with volume according to the
relation

}—) — (XV_SB

where o is a constant. Find the quasi-static work done and the net heat absorbed by the
system if the system is expanded to its final volume at constant pressure, and then the
pressure reduced at constant volume to its final value, as illustrated in the diagram. (10)

AR
A
IR — -— N
5 20 ‘ -~
X

g

2. Consider a system of N localised weakly interacting particles each of spin 1/2 and
magnetic moment [t located in an external magnetic field H. Consider the energy range
between E and E+3E, where OE is small compared to E but is microscopically large, so that
OE >> pH.

Y] -

(1) Show that the spacing of the energy levels of the system is |dE| = 2puH. (3)

Page 2
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(ii) Show that the total number of states Q(E) lying in this energy range is

N! OE .

(_N_L).(E+L)'d‘5
2 2uH /(2 2uH /)
(i1) Using Stirling's formula, show that

4N?p?H? - E? . _E 2NuH-E o[ -9E
4u?H? 2uH “\2NUH+ E 2uH

QE) =

an(E)lenN—gln(

(6)
(iii) Show that the relation between the absolute temperature T and the total energy E of the
system 1s

__ HH
E= Nthanh(kT )

(iv) Show that the total magnetic moment of the system is

_ pH
M—uNtanh(kT )

(3)
3(a) Two macroscopic systems A and A' with fixed volumes are in thermal contact and
interacting weakly. The combined system A+A'is isolated and the total energy of the system
is constant. Systems A and A' are in equilibrium with each other.

(1) Express the probability P(E) of the system A having energy near E in terms of the number
of states of the two systems. Show that the probability is maximum when the absolute

temperature of the two systems is the same. (5)

(1i1) Show that the condition for maximum probability is expressible as the condition that the
total entropy i1s maximum. (3)

(b)(1) Using the first law of thermodynamics, show that
dH = Tds+ Vdp
where H=E+pV is the enthalpy. Describe one process in which the enthalpy is conserved.r
(¢) (1) Starting from >
dE = TdS - pdV,

Page 3



show that for any substance

e.=(3), |

and
JE) _ a_p) _
(av)r"T(aT TP
(5)

(ii) A van der Waals gas obeys the equation of state (p +a/vZ)(v—b) =RT, where v=V/v is
the molar volume and v is the number of moles. Show that its molar energy € is given by

e =c,T—a/v+constant,
where ¢, is the temperature-independent molar heat capacity. (7)

4(a)(i) What do you understand by the postulate of equal a prior probabilities? (2)

(i1) By considering a small system A in weak thermal interaction with a heat reservoir A',

show that in equilibrium the probability of the system A being in a state r of energy E, is

given by
P,

e—BEr

= Z e—BEr :
r

(10)

(b) A one-dimensional simple- harmonic oscillator has energy levels given by
E,=n+ %)}21—(;;, where o is the characteristic (angular) frequency of the oscillator and where

the quantum number n can assume the possible integral values n=0,1,2,.... Suppose that such

an oscillator is in thermal contact with a heat reservoir at temperature T low enough so that

27tk—T << 1,
hw

(1) Find the ratio of the probability of the oscillator being in the first excited state to the
probability of its being in the ground state.

(3)
(11) Assuming that only the ground state and the first excited state are appreciably occupied,
find the mean energy of the oscillator as a function of the temperature T.

(5)
(ii1) Assuming that this oscillator is an atom in a solid, estimate its contribution to the heat

capacity at constant volume. Obtain this heat capacity in the limit Zn;](—z; << 1, and comment

on it. (5)

S(a) According to Maxwell's velocity distribution, the mean number of molecules having
their velocity components between vx and vy +dvy, vy and vy +dvy, and v, and v, +dv, is
given by

Page 4



31 2
N B IV v
flv)dvidvydv, = N(anT) exp ( kT )dvxdvydvZ

o

where the terms have their usual meaning.

(i) Obtain an expression for the mean number of particles having x component of velocity in
the range between vy and vy + dvx. (5)

(ii) Obtain an expression for the mean number of particles having their speed between v and

v+dv. L (5)
(iii) Calculate the average reciprocal speed v'.. (5)
(iv) Calculate the mean speed V. (5)
(v) Show that the most probable speed of a molecule is vy = ‘/ 2—11%1: .. (5)

6(a) Consider a system consisting of three indistinguishable particles each of which can be in
any one of four quantum states of respective energies 0, E, 2E and 3E. The total energy of
the system remains constant and is equal to 6E.

(i) Enumerate all the possible states of the system if it obeys

(1) Maxwell-Boltzmann statistics

(2) Bose-Einstein statistics

(3) Fermi-Dirac statistics (12)
(i1) For each type of statistics, find the probability

(1) that all the particles are found in the same state,

(2) that all the particles are found in different states.

(5)

(b) The mean number of fermions in the quantum state s is given by the Fermi-Dirac

distribution
— 1

ng =
" explBles -] +1
where B, & and | have the usual meanings.

(1) Discuss how the occupancy @y varies with € at low temperatures. What is the
distribution at T=0? (8)

END OF P332 EXAMINATION
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ANSWER S QUESTIONS
ANSWER AT LEAST ONE QUESTION FROM EACH SECTION




SECTION 1

Q1. a) State Norton’s theorem and show how a Norton equivalent circuit can be
converted to a Thevenin equivalent circuit.

[3]
b)
i) For the circuit below find the current I, using Thevenin’s Law.

it) Confirm this result by finding the same current using the superposition
principle.

(6]

(6]
iii) If the resistor R = 5 kQ) was replaced by another resistor so as to achieve
maximum power dissipation find the new value of the new resistor. What is the
power dissipated in the new resistor. [5]
1kQ R
sl

2kQ 5kQ

4kQ 6 kQ

15V
3kQ
- .
—F — |
10V

EQ.Z. 1) Derive the complex form of the impedance of a capacitor.

| 11) From this show that the phase of an a.c. current through the capacitor always

leads the phase of the voltage across it by n/2. (1]

OSCILLOSCOPE

[

The input impedance of the oscﬂloscope can be represented by a resistor in
parallel with the capacitor as in the figure above. The value of C is given by the
capacitance of the cable connected to the input. In order for a student to determine

the input impedance, reductions in the input signals of d.c. and a.c. signals is
measured.

Given that the data is
1) d.c. measurements

Vo(without R)) Vo (with R;)
volts volts
1 1.00 0.71
2 2.00 1.43

Table 1



i1) a.c. measurements

-

Frequency Vo(without R;) Vo (with R;)
kHz (RMS) volts (RMS) volts
1 10 1.00 0.70
100 1.00 0.62
3 1000 1.00 0.35
Table 2.

a) From the above data determine the value of R;.

b) Derive an expression for the transfer function of the input impedance with R, [4]

included.

c) Using the transfer function determine the value of the capacitance at the

frequencies given in table 2.

d) Denve an expression for the phase shift as a function of frequency.

(3]

e) Use this expression to determine the frequency when the imaginary term in the
denominator of the transfer function is equal to the real term. Thus what is the

Bandwidth of the oscilloscope?

f) What would be the ideal value of the R; and C if an infinite bandwidth was to be

achieved.

Q3. a) What is meant by the following terms?
1) Intrinsic semiconductor
11) Extrinsic semiconductor
11) Doped semiconductor
iv) Donor impurities
’ v) Depletion region of p-n junction
vi) Space charge

insulator, a semiconductor and a metal.

i

|

b) Explain briefly using the Energy Band diagramsfthe difference between an

c) 1) Draw a schematic representation of a bridge rectifier circuit.
i1) Explain briefly using voltage waveform diagrams how the circuit achieves

rectification.

iii) If a capacitor is placed across the load resistance sketch the waveform that

appears across the capacitor.

iv) If a 10v, 50 Hz peak to peak a.c. voltage is to be used at the input determine
the capacitance needed to achieve a 0.1v ripple if a load resistance of 100 kQ is

used.

SECTION 2

Q.4. Distinguish between,

(4]

1) Active Region, Saturated region and cut off regions of the characteristics of an

n-p-n transistor.

(2]




i) Minority and majority carriers in a transistors. 2]

a) Determine whether the n-p-n transistor in the circuit below (figure 4a) is operating in the
saturated or active regions. Thus find transistor currents I, and L. (8]
- Assume that Veegag = 0.2V, Vie(tormrdbiss) = 0.7V.

b) Repeat part a) if a 2 k2 emitter resistor is added to the circuit as in figure 4b. (8]

? V=10V

[] 3kQ

100 kQ + L

V=10 v

3kQ

T
—Sv ’
2kQ
figure 4a . figure 4b
Q 5. The transistor used in the amplifier circuit shown below has the following hybrid
paramegers:
hi.= 1k ; h, = 0; he = 100; hee=0
=15V
f RL =5k |
!
| R.=10k 2
- =
® 1 .
—_— )
a) Determine the quiescent point of the amplifier. ‘ [4]
b) Draw the equivalent circuit of the amplifier using the hybnd model of the [4]
transistor.
c) Calculate the voltage gain of the amplifier in dB. (7]

d) What is the maximum amplitude of V,such that V, is not distorted? {5]



SECTION 3
Q.6. What is the effect of putting a feedback resistor in an op-amp amplification circuit on the

Bandwidth of the amplifier. (Draw bode diagram) . [2]
a) Draw the circuit of a logarithmic amplifier using a diode. Derive the expression for V, as
a function of Vi,. ' [6]
b) Explain briefly how the sample and hold circuit below functions. (6]
Vin o + —0 vo

o] T

¢) Draw a summing amplifier using an op-amp and derive the output voltage as
function of the input voltages. (6]

Q.7. a) Convert the decimal number 27.375 into a binary number. [2]

b) Use the two’s complement method to subtract the binary equivalent of 13

Qdecimal) from 18 (decimal). ; , (3]
c) Show that
(4I+B+C)-(A+B+E)-(Z+B+E)=Z-§+B-C 4]
A+A-B+4-B-C=A+B+C
d) Show that a three gate implementation of the two input Exclusive-Or function is
f)ossible. ! (4]

€)/A voting system is to be utilised by a three judge tribunal. The system is such that
if 2 or more judges proclaim the defendant guilty then the verdict is “guilty”,
otherwise the verdict is “not guilty”. If the verdict is to be electronic displayed,
with the judges simply pressing the guilty (1) or not guilty (0) buttons in front of

them, design a logic circuit that will display the result. (7]

Q.8. i) What is meant i)y the term “race around condition” in R-S flip flops. (1]

i) How is this condition remedied using the J-K master slave flip flop. [3]

a) i) Draw a schematic diagram of a 4-bit S-R synchronous shift register. (4]
ii)Explain briefly how the Shift register performs,

1) Serial to parallel conversion 3]

2) Parallel to serial conversion [3]

3) Parallel to parallel conversion (31

4) Ring counting [3]
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Solid State Physics I

TIME: THREE HOURS
ATTEMPT: ANY FOUR QUESTIONS

(All Questions Carry Equal Marks) Maximum marks: 100

Use the following wherever necessary:

Magnitude of electronic charge, e = 1.60x10™° C

Electron rest mass, m =9.11x10>' kg

Reduced Planck's constant, # = 1.05x10™* Js
Boltzman constant, ks = 1.38x102 JK!
Avogadro's number Na = 6.02x10% per kg mole
Permittivity of free space, ¢, = 8.85x10"* Fm

leV =1.60x10")
[: xletdx. — 2
(e"+1)2 3

0p 0

D ‘
' T x3 dx — 1 ‘ T _x*e*dx — z*
o (ex_l) 4 % (e,_])z 15 at low temperatures

1{%
3\ T at high temperatures



1. (a) Explain briefly what you understand by the following:

-

(i) Lattice (2 marks)
(ii) Basis (2 marks)
(iii) Crystal structure (2 marks)
(iv) Primitive cell (3 marks)
(v) Miller indices (3 marks)

(b) Show two ways of arranging equal spheres into closed-packed structures that
minimise interstitial volume. (7 marks)

(c) Determine what fraction of space is not occupied by atoms in a face-centred cubic
crystal. Treat the atoms located at lattice points as hard spheres that are touching
each other. - , (6 marks)

2 (a) State the four main types of interactions found in ionic crystals. (4 marks)

The interaction energy between two ions i and j in a crystal consisting of ions of
charge Z,eand Z,e, respectively, separated by distanger, =rd,;, where r is the

nearest-neighbour distance, is given by

Z,Z,e* .
| ; =T ———+be *
| 4re or;

Where the symbols have their usual meaning and b and ,c; are constants.

ib) What is the interaction energy of the i-#2 ion with the other ions ? (8 marks)

(c) (i) Find the cohesive energy of the crystal consisting of N ion pairs as a function of
the equilibrium separation of the ions 7, . (8 marks)
(ii) Calculate the cohesive energy, in eV, of an NaCl crystal per ion pair given that

Madelung constant,a=1.8, Z, =Z, =1, 7, = 2.810& s Lo 10 (5 marks)
Jo,

3. Consider a linear chain of atoms in which alternate atoms have mass m, and m, and
only nearest neighbours interact with force constant /.

(a) Show that the dispersion relation for the normal mode is

1

2 2 2
e ,B(ml +mz) i,B(ml +m,” +2mm, coska)
mm, mm,

(10 marks)



(Q. 3, Continued)
where k is the magnitude of the wavevector and a is the lattice parameter.

(b) Examine the limiting cases ka <<1 and ka = +7 and then sketch the dependence
of o on k for m >m,. , (8 marks)

(c) Show how the dispersion relation in (b) above differs from that of a monatomic
chain. : (7 marks)

4. In the Debye approkimation the density of states for each polarisation is given by

Va?
2 3

D(a)=

in the usual notation.

(a) Use this tio obtain an expression for the heat capacity of solids.
(b) Show tha?t at low temperatures the heat capacity is proportional tlo T’. (12 marks)
| |
(c) Show that at high temperatures the Debye theory gives the Dulong-Petit value.
| ‘ (8 marks)

(5 marks)

|

5. A copper sheet has dimensions /= 50mm ,5 =20mm and a = 0.25mm as shown
in the fo]l*Jwing diagram. '

B =100 mT

I . b4
b P =
a |

/ 1= 350 mm

If an electric current i/, = 10mA flows through the specimen, potential differences
V,=17uV and V, = Oare set up. If in addition a magnetic field B =100mTis applied
along the z-direction, the potential difference, V_, is increased to 0.5mV.



(Q. 5, Continued) .

Calculate :

(a) the Hall coefficient. (7 marks)
(b) the electron concentration (5 marks)
(c) the electrical conductivity (6 marks)
(d) the electron mobility. (7 marks)

6. The concentration of electrons and holes in the conduction band are given,
respectively, by

3 (*“‘Es)
n= 2(_me kB_zT) : e T
27h

and,

3
| 5 £
| Al ™My kpT)2 kT
p=2| 2B |"¢
B 27th

|

\jvhere m, and m, are the effective masses of the electrons and holes, respectively, u
is the chemical potential and £, is the band gap. '

(ab Show that the product mp is independent of the Fermi‘level, M.
| Is the result applicable to both intrinsic and extrinsic semiconductors ?

Explain. (8 marks)
(b) Show that the Fermi level of an intrinsic semiconductor is given by S
m
— 1 3 h ‘
=7k, +szT1n(—J (12 marks)
m,
(c) State the conditions that result in 4 = %E g (5 marks)

. END OF EXAMINATION
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»- TIME: 3 HOURS MAX MARKS: 100

ATTEMPT ANY FOUR QUESTIONS. ALL QUESTIONS CARRY EQUAL MARKS.

You may use the following information:

Eoltzman constant k = 1.38 x 102 JK

C as conistant R = 8314 J/kmol.K

1 electron volt =16x10"7J
Stefan’s constant o = 5.67 x 10° W/m?K*
cun’s radius R, = 6.96x10°m

Mean Earth-Sun distance r, = 1.496x10"'m
< slar constant I, = 1367 Wm®
E arth’s radius R, = 6.37x10°m

It usual notation

3604,

o n)
365

2
E,- (—) = 1+ 0.033 cos[

r

.| 360
8= 23.45sin l§€5—(dn + 284)]

cos0,= sindsin¢ + cosd cospcosw

sina sing -sind
coso cosd

cosy =

w,= cos”'(-tan¢ tand)

Solar time = clock time + 4(L, - L) + EOT

cos 8 = (sin ¢ cos B - COS ¢ sin B COS y) sin 6
+ (cos ¢ cos B + sin ¢ sin B cOS y) cos 6 COS w
+ CoS & sin B sin y sin @



Apax T = 2898 um-T
The emissive power of a black body B, (T) (in W/m? per unit wavelength range) is
52
B(T) - 2nhc

NEW

Reflectance at normal incidence is given by
2
n-n
r= r *'l
n+n;

Reflectance at normal incidence for light of wavelength A at an anti-reflecting coating
which is designed for wavelength A, is given by

_ 2p (1+cosp,)
" 1+2pcosp, +p?

' n-1\2 - mA
where p=|—{—|; =70
p (n,+1) b,

Fresnel’s equations

: 2
, nZcose,-n, {n?-nfsin?,
|
nfcose,+n, nf-nfsin%,

2 2 2
, n,cos6,-yn, -n;sin?,
1 -
n,cos8, +/n?-nfsine,

Carrier concentration for intrinsic semiconductor is

-5
n = p, = AT%2¢ %7



Table for the function f(x) = f(AT)

x(pm-K)  f(x) x(pm-K)  f(x) x(pm-K)  f(x)

1100 0.001 4600 0.580 8100 0.860
1200 0.002 4700 0.594 8200 0.864
1300 0.004 4800 0.608 8300 0.868
1400 0.008 4900 0.621 8400 0.871
1500 0.013 5000 0.634 8500 0.875
1600 0.020 5100 0.646 8600 0.878
1700 0.029 5200 0.658 8700 0.881
1800 0.040 5300 0.669 8800 0.884
1900 0.052 5400 0.680 8900 0.887
2000 0.067 5500 0.691 9000 0.890
2100 0.083 5600 0.701 9100 0.893
290() 0.101 5700 0.711 9200 0.895
23()() 0.120 5800 0.720 9300 (0.898
2400 0.140 5900 0.730 9400 0.901
9500 0.161 6000 0.738 9500 0.90%
2600 0.183 6100 0.746 9600 (0.905
2700 0.205 6200 0.754 9700 0.908
2800 0.228 6300 0.762 9800 0.910
2900 0.251 6400 0.770 9900 0.912
3000 0.273 6500 0.776 10000 0.914
3100 0.296 6600 0.783 11000 0.932
3200 0.318 6700 0.790 12000 0.945
3300 0.340 6800 0.796 13000 0.955
3400 0.362 6900 0.802 14000 0.963
3500 0.383 7000 0.808 15000 0.969
3600 0.404 7100 0.814 16000 0.974
3700 0.424 7200 0.819 17000 0.978
3800 0.443 7300 0.824 18000 0.981
3900 0.462 7400 0.830 19000 (.983
1000 0.483 7500 0.834 20000 0.986
4100 0.499 7600 0.840 30000 0.995
1200 0.516 7700 - 0.844 40000 (.998
4300 0.533 7800 0.848 50000 0.999
4400 0.549 7900 0.852

1500 0.564 8000 0.856
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A solar panel with tilt 8 = 20° and y = 180° is situated in Livingstone (Latitude =

Q.1
17°49' S, Longitude = 25°49’ E). The optical thickness of the atmosphere is t =
2.0 for the wavelength band 1.0 to 3.0 um and t = 0.2 otherwise. Assuming the
Sun to be a black body at temperature 6000 K and the standard meridian for
Livingstone to be 30°, find the following at 11.00 a.m. clock time on 5 February.
(i) solar declination (2 marks)
(i) solar time (4 marks)
(i)  hour angle (2 marks)
(iv)  solar zenith angle (5 marks)
(v)  angle made by the direct beam with the normal to the inclined plane
: (5 marks)
(viy  direct flux incident on the panel (7 marks)
Q.2 (a) Briefly describe the physical principles underlying the Greenhouse Effect.
Distinguish between natural and "enhanced" Greenhouse Effect on our
Earth. Which atmospheric gases play major roles in causing the
Greenhouse Effect? Discuss the possible implications of Climate Change
due to "enhanced" Greenhouse Effect, with particular reference to Zambia.
What are the principal causes of the “enhanced" Greenhouse Effect and the
practical measures necessary to check it? (15 marks)
(b) () Assuming that
the earth is a black body,
the reflectivity of the earth-atmosphere system is 0.30, and
the atmosphere does not absorb any radiation,
use the zero-dimensional mode! to calculate the earth’s equilibrium
temperature. (7 marks)
(if) If some of the polar ice melts so as to decrease the reflectivity from
0.3 to 0.28, what will be the change in the equilibrium
temperature? (3 marks)
Q.3 Assuming the air behaves as an ideal gas and is in hydrostatic equilibrium

Obtain an expression for the density profile of the atmosphere. Assuming that the
temperature does not change with height, obtain an expression for the density
profile of an exponential atmosphere. (6+2 marks)




(o)

Q.4.

Q.5

What do you understand by the scale height of an exponential atmosphere? Show
that if the entire atmosphere were redistributed with a uniform density equal to its
sea level value, it would extend only as high as the scale height. (2 +4 marks)

Using the equation in (a) show that the density profile of an atmosphere with a
temperature profile T = T, - L Z is given by

- R
o= Po e»(p[ln(1 pzl} where B = L. _hRT,
1-pZ BH Ty Mg
(6 marks)
Using the expression in (c) above, find the density at an altitude of 10 km, given
T, = 300 K, p, = 1.29 kgm® and L = 6 K/km. - (5 marks)

(@) Use the law of heat conduction to show that under steady state the heat
transfer coefficient per unit length for conduction between long concentric
cylinders is given by

U - Q _ 2zK .
| = =
UT,-T) In(r/n)

Hence show that for a long composite cylindrical shell consisting of n
concentric layers, the overall heat transfer coefficient is given by

1 1 1 1

-UL i UL1 UL2 ULn

(15 marks)

(b) A 3m long plastic pipe (K = 0.7 W/m -°C) is carrying water at 70°C from a
solar heating panel to a storage. The inner and outer radii are 1cm and
1.5cm, respectively. The pipe is wrapped with cylindrical sponge (K, = 0.05
W/m -°C) insulation up to a radius of 3 cm. If the outer surface of the
insulation is at 20°C, calculate the heat conduction rate from the pipe to the
surroundings. (10 marks)

(@)  Obtain the conditions of anti-reflecting coatings for normal incidence.
(7 marks)

(b) A glazing of index n = 1.6 is coated with a film to make it anti-reflective at
normal incidence.

o



© 0

What should the film index be? /(2 marks)

What should its minimum thickness be if it is to produce zero
reflection at A, = 600 nm? (4 marks)

"

What will the surface reflection coefficient be for light of wavelength
400 nm at normal incidence? (5 marks)

Show a qualitative plot of the emissivity /absorptivity vs wavelength
for a non-selective, real selective and an ideally selective surface.
(8 marks)

A non-selective surface is exposed to an incident flux of solar
constant. Neglecting back losses and convection losses, find the
steady-state temperature of the surface. : (4 marks)

The absolute thermoelectric power of two materials (A and B) varies with
temperature as €, = 6x 10° Tand €5 = 4 X 10°° T where T is in Kelvin and ¢, and
eg are in volts/Kelvin. The materials are joined to form a thermocouple whose hot
and cold junctions are maintained at 300 and 10°C, respectively. The materials
have a negligible electrical resistivity and thermal conductivity.

Find the emf produced by the thermocouple. (5 marks)

If a current of | = 0.5 A is supplied to an external electrical device,
find the power produced. (3 marks)

Find the Peltier heat rates absorbed and rejected in materials A and
B. ' (56 marks)

Find the Thomson heat rates absorbed and rejected in materials A
and B (5 marks)

Verify that the difference between the heat rates absorbed and those
rejected is equal to the power produced in (). (3 marks)

Find the efficiency of the system and compare it with a Carnot
system operating between the same two temperatures. (4 marks)

THE EXAMINATION. i
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