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INTRODUCTORY BIQLOGY THEORY

IME: THREE HOURS

NSTRUCTIONS:
NSWER: ALL QUESTION IN ANY ORDER
ARKS: ALL QUESTICNS CARRY EQUAL MARKS
CORRECT = % INCORRECT = -1 1 DON'T KNOW =
OTE: DEPOSIT THE QUESTION PAPER WITH THE EXAMINER.

CELL BIOLOGY

The first primitive cell was a

(&) heterotrophic anaerobs;

(b) cell capable of carrying out photosynthesis ™
(¢) mnitrogen fixer-

td) heterotrophic fermenter &

(e) parasite in its nature of nutrition

(£) I don't know

A repeat of the phenomenon which brought about 1i

earth is unlikely to occur again. This is becaus

(a) There are smaller guanti t]PS of the primitiv
tc1av :

in the atmosphere

0

fe on
e:

e gases

{b) There 1is too much pollu+1cn in the environment in the

present atmosphere™

(¢y The chemical properties of water have drasti
changed over the years.

(d) the present atmosphere is an oxidizing one;
doon as they formed- - ;i

(£) I don't know

cally

and

therefore organic molecules would get destroyed”ag

TS



The planet earth formed about

(a) 20 million years ago '
(b)Y 30 million years ago

(c) 8 million years ago .

(d) 15 billion years ago

(e) 5 bil iwcﬂ vears ago’’

{(f) I don't kric

The linkage of water molecules which makes it possible to
make it a liguid at ordinary temperature and pressure is
the formatien of locse linkages between

{a) Oxygen atoms,

(b) Hvdrogen atoms

{c)™ Oxygen and hvdrogen atoms of different water
molecules

d) dissolved ions in water

e) Oxygen and hydrogen atoms of the same water molecule

Yy I don't know

Which of the foliowing statements iz correct

- {ad :All carbohydrates are ketaneq or aldehyvdes,
and they contain’ _ﬂg/*al thYﬂXVL groups. =

' \
{b) Carbohydrates have the general formula Cv(CHpO)x "
(c) Carbohydrates do nont give off water when heatea\{

%¥d). Carbohydrates are divided into two main /X
classes of monosaccharides and oolvsaechaLlaesﬁf (AN

(e) All carbochydrates are reducing sugars.)ﬁ
(f) I don't know.

Wwhen two gluco sp molecules combinp, they normally form a

dis qacnarlde. Which one is this
(a) sucrose . '

(b) wmaltose

(¢) lactose

(d) amylase.

(e) maltase

(f) 1 den't know



11.

/

Identifly thé& carbohydrate which is sweet, and ran be
translocated as a source of energy in an organism, and on
hydrolysis it vields glucose and fructose molecules.

{a) maltosé*‘x
(h) galactoseX
{c) fructosew
(d) , lactese d

(e}’ sucroséV . ‘
(55 .

1 don't kﬂow ’ \/

Which of the f0110w1na atatements is, ﬂorrpct7

{a) All rnduc1na sugars are mOﬁosaccharldnbV'

(b}ﬁ Some polvaaﬂ“ha“1d9c are sweet. .

{e¢) Among the dissacharides, some are redurlna gg‘gigvf
while others are not -

(d) All polysaccharl ides are dlqarchaxldas

{e) All the disaccharides are non-reducing aaents

(£) I don't know

How many hydrogen atoms ares contained in a dispeptide
molecule?

g

r-h\"D Q.Q D"Qﬁ

fouyr

two

eight!

tive-

Six «

I don’'t know 7

o Rt s Viad

(
(
(
{
(f

Some bacterial cells bind firmly to dyes gsuch as gentian
violet. guch cells are said to be gram- positive. These
cells are able to take the stain ?ecause .

(a)X they lack a cell wall

() they have a cell membfane which is stain DOSllee~

{c)* they lack the 1ipoarotein and Wlbooolvsaccharlme
layers of the cell wall ™ 1

¢(d¥X they lack 4 peptidoglvcan layex of the cell wall'»

(e)na thelr entire cell wall structure is gram p051t1vav

(£) 1 don't know

The nucleus is in direct communlvatton with the

cytoplasm through special omeﬂ'ng% called ...

{a) tubes

(b) plasmamembrane
{¢) granules

{d) auclecor pores)
(e) fibrils

(fy 1 don't know



NS

Two tgdnellea in a cell share the responsibility of
transporting and packaging qlqanwr molecules. These
organelles are: ‘ ‘ $

/ ~

(a) ribosomes and lysosomg

{h) -.golgi’bodies and endoplasmic. reticulum

{c) vesicles and mitochondria

(d) the endoplasmic reticulum does Roth jobs?J

(e)- the nucleus and its nucleolug\

(f) I don't know .

13. The chloroplast is the general site for photosynthesis
But the actual location of its activity is in the- ..
(a) lumen of the th viakoid ,

(b} stromad- ’
(&) thylakoid membrane.’

(¢) whole chloropiast

(e} mitochondrial membrane
(£) 1 don't know

14. The by products Qf\g}ypoiysiSJ(CQZ and HQO) are mwost
" likelv to berfound in ... : : - .

)
\
1
)

o~ """x o~
rz U‘ QJ

(d)..

(e)
(£)

ot
w

{a)
’b)
\C)
,(d)
(f)

which of the following body cell
deds1tv nf the rouah cndacla~mlc ﬁtlculum

chloroplasts -

the golgi complex

the rough endoplasmic reticulum
mitochondrias - )

vacuoles

I don't know o

8 @ill contain a high

cells that 1118 the nagal syvstam™
cells that line the dig %tiv% systems "
the gum cells of the mo outh -

rells that line the tracheal system
ells of the inner ear

o
1 don't know

16. Which of the structures in the cytoskeleton of a cell

18

(a¥

(b)
{c)

(d)

(9\

(f)

involved in the movement of & cell such as an amoeba
microfjlamentswiﬂ/ﬁwﬂ
mzcro*ubuleq‘\(~~<
cytoplasm

nucleus-.

endoplasmic reticulum

-

T don't know



17.

RN

18.

19.

.(e) wpachytene phase of prophase I

The following are charvacteristi

ic tf a plant cell vacuolie,
EXCEFT ONE. Identify the one whi

o
ch ig not.

o
“1

(a}) A plant vacuole can occupy up to 90% of a mature

~ cell's volume
(h) A plant vacuole is used for storage and maintenance
/ of high water pressure and aids in plant support.

3mwnt ete., are present in some

‘;{d} A plant vacuole stores stronu digestive enzymes

similar to those in 1vsoqom°s N

{e) A plant cell vacuole has a tonoplast made up of a
: single membrane

{f) I don't know

During cell replication of mitosis. chromosomes come to
lie at the eguatorial plane of the cell during ...

a) interphase’

(b\\ mf—taphq% \/ ;

N

{¢) anaphase ¥

{d} telophase

(e) at the end of telophase

(f£) 1 den't know

Chiasma formation is a characteristic of meiosis I. This

phenomenon takes place in the ...

(a) metaphase stage , : .
(b) leptotene phase of prophase T L
(c) anaphase gtage
{d) telophase stage

(£ 1 don't lknow

What do you understand by the phrase 'energy of
activation' as it relates to enzymes?

(a) The energy given off during the formation of products

(b) -The energy difference between the energy taken in
by a reaction and the total energy given off by the
same reaction

(¢) The energv required to sustain the life processes
of an organism during respiration

;’d)‘ The energy required to make shbstrates react

(e} All the above statements are wrong
(Y I don't know



23.

~

Z

4.

GENETICS

evual reproduction provides a source of variation fer a
opulation through:

crossing-over of chromosomes

independent assortment of non-homologous chromosomes
random union of genetically different gametes at
fertilization

enly a and b are corr
a.b and ¢ are correct
I do not know

sct

[¢)]

)

An organism is homozvgous for a trait if it has:

{a) two different alleles for the trait

(b) a complete set of homologous chromosomes

"{e) two identical alleles for the trait

(d) a complete set cf genes

(e) two alternative alleles on the same chromosome (

(fy 1 do not know .

¥ is a type of plant with one of three shapes, Long, Oval
and round. If two ‘Long are crossed, they always produce

Long progeny, if two round are crossed, they always
produce round progeny, but if two oval are crossed, they
produce the three different shapes. ‘assuming only one

Locug is involved, what type of* inheritance is invelved
in the determination of X-shape?

B
{5\

C(¢)

complete dominance:-
incomplete dominance

gene-Linkage . .
(d) codominance
fe) multiple allelism..
(f) I do not know
"What would be the expected Phenotypic ratio if an oval and
a Long plant in guestion 23 were crcsged?
(a) 2 Long @ 2 oval
(b) =all Long: ‘
(c¢) all oval )y
(d) 1 Long : 2 oval : 1 round . : 2
(e) all round am e
(f) 1 do not know : o
| e ;l‘ L
GRS
\“\j \} . - . ,;'
WM e -7
- oo T Z
- - L
e . // /‘,



Consider a cross of a true- ozebd1na.tdl‘—«temmed pea plant
with a true-breeding short- ssemmed pea plant Tal] stem
is completely dominant tc short stem.

One hundred and twenty (120) first filial (Fl) plants are
produced and examined. How many of these plants are-
expected to be tall-stemmed and how many short-stemmed?

(a) 60 tall-stemmed and 50 short-stemmed
(b) :80 tall-stemmed and 40 short-stemmed e
() 120 tall-stemmed and none short-stemmed %~
() 90 tall-stemmed and 30"short-stemmed
{(e) “All are intermediateszs between the tall and the
short parents
(f) I do not know
The F1 plants in question 25 are self-pollinated. Of the
300 plants produced in the FZ generation, how many are
exoected tO be tall-stemmed and how many short-stemmed?

225 tall-stemmed and 75. short-stemmed v —
(b) 150 .tall-stemmed and 150 short-stemmed ,
{(c} 200 tall-stemmed and 100 short-stemmed 1
{d) 300 tall-stemmed ‘
(e) 75 tall-stermed and 225 short-stemmed

Imr'pea plants, the allele R fer round seeds is dominant
over.r for wrinkled seeds and the allele Y for Yellow is
domaﬁant over the allele y for green seeds. 1If a plant
that is heterozygous for both alleles is crossed with
one that is homozvuouq domlnani for both alleleq, what
would be the eypected onpﬁotxnl ratlo°

3 \
(a) 2 round vellow : 2 round green ~
(b) 2 round vellow : 1 round green
{¢) 9. round yeliow : 3 round green : 3 wrinkled
vellow : 1 wrinkled green
(d) 1 round yellow : 1 round green : 1 wrinkled yellow

o~ ¢+ 1 wrinkled green
{(ed)' All round yellows/
(£¥Y 1 do not know

Considering the alleles in quest10nﬂ} what would be the
axpected phanctvpir proportions if a plant that is double
heterozygous is crossed with one that is, homozygous
dominant fdrk‘he R allele but homczygous rere531ve for the
¥ allele? . -

(a) 1/2 round yellow : 1/2+wrinkled green

(b) 1/2 round yellop : 1/2 round greenfijgtA

() 3/4.round vebﬂow ¢ 1/4 wrinkled ‘green\bow
{(d) 1/2 round yellow : 1/2 round green .
(e) 1/2 round yellow : 1/4 round gréen : 1/4

o wpinkled green °*
(f) 1 do not know



ce the following information to answer guestions 9 through to
1. Consider a human populaticn where inability to taste :
henvl-thio-carbamide (PTC) is caused by homazygosity for a

ccegsive

gene. T@sters are either homozygous dominant OF

. . . — o : -
eterozygous dominant. In this populaticn, 84% . of the 4
ndividuals are tasters while the rest are non-tasters. T

§. What

is the frequency of the recessive allele in the - -

population?

(a)
(o)
(c)
S(d)
(e)
(£)

0. What.

(a)
{b)
(o)
(d)

e

is the fregquency of the homozygous dominant genotype
in the population? - e ’

0.36 <

0.6

0.32:

0.4

0.84

1 do not know

(£)

1.

!
J

What

percentage of the population is heterozygous for

the gene?

0.4 . -
0.16 % o §i
0.32 . . Lot ’
0.36 v

0.6 | ,

i do not know _ ' Al

(a) 36%

(b) 10% )

(c) 52%..- &

{d) .60%

(e) 48% - i .

(f) I do not know Doy
32 In humans, ability to roll the tongue is dominant to Lo

inability to roll the tongue. What are” the probable

genotvpes of Mr and Mrs Randa whoe can beoth roll the n

tonigue and hgve 5 children one of whom cannot roll -

the tongue?’ :

(a) RR and Rr A -

(b) RR and rr ' AN i ~i

(¢) RR and RR ) - 5;/,% ﬁn\ﬁ o

(), R{ and Ry s )

(e) Rr and rr y/ -

(£) I do not know o /

Ly



Suppose the couple in question 22 decides to produce a

6th child.

c0ll the tongue?
{a) 5&5/6

() 1/6.

{c¢) .1/5

((d)y "1/4- *

{e) 3/4

(£} I do not know

Which one of the following génotypes

Klinefelters sydrome?

-~

{a)
{b)
()
(d)
{e)

(£)

AR XXXT T -

AR XO e

AR XXY“

AZ—'LOV fa2

None of,the above
I do not know

results

in the

what chance is there that this child will not

What is the probability cf a child having AB blood group

if one of the parents is heterozygous for A blood and the

‘nther heterczyvgous for B7

(a) 1/4- ,
(b)Y 1/2 —.
{(¢) O
{(d) 1 >
{(e) 3/4
(f) I do not know
What other genotypes are possible from-the couple in
question 357
(a) omly ™A B genotype iz possilkle
(b) 181 and ,
(¢) i and ii “ .
(d) Bi , Bi and 11V
(e) P and ii
(f) I do not know
In a 3 coin-tess, what is the chance that 2 heads and
tail will be obtained 51mu1taneousxy7 \ :
(a) 2/3 _\ _l_ x{"/‘ e T
(b) 1/2 ~ ?Zy'g N 7 -
(¢)y 1/4 } = P
(d) 1/8-
(e) 3/87 .
(f) I do not know \
Abvd
N\

1

S g
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40.

Quantitative

AABB (deep

I
S s ek

-

Vox ﬁggﬁb;(medium red),

the total progeny ¥

(a) 1/2

(b) 1/3 - ~
(c) 1/4°

(d\. 3;’4 M

{(e) 3/8

{f) 1 do not

n
"

recaessive ag.
A constraint
in complete

Voot ‘

i
se

know

5 exXpress
.16 e

In 2 large population
the individual
allele (&-) and O

& impose
lection_against the;&;pheggtype.

What proportion ﬁfvagy

generation?
(a) 25% BA
(b)

No AA, 50% Aa and 50% aa

Az
."‘b

25%. ha and 50% aa

i
the phenotype
re the phenotype of the

inheritance invelving two gene pairs
determines the colour cf grain
nlleles A and

in a variety of wheat.

B each egually increase the redness of the
seed while alleles a and b add no

_ im the cross
what proportion of

colour.

11 be medium red? .

animals, 0.84 of

of the dominant

d on the population which regults

aand‘ag‘wbul&“be in the next

]
je

4

25% AA, 59% Aa and 16% aa

that a numbert of

allelas inheritance 1s:

different gene pairs

forcez to determine 2 characteristic

\,

that there are several different forms .

attern of inheritance that

joular characteristig

effects that a gene may have on the

an organism

i

(c)
(d) 100% aa’v
(e) 25% Aa and 75% aa
(f) 1 do not krow
Multiple
{a) the concept
may combineg
{b) the concept
sf a gene for a part
(¢} the p
{(d) the multiple
phenotype of
(e) when two pairg of
a trait
(£) 1t do not know

genes

are involved in determining

follows Mendel's Law

AN



PLANT BIOLOGY

The process of grouping plants or animals into a
hierarchy of classes i3 a taxonomic activity termed

{a) ecology,

(b) anatomy

{¢) identification +

&) classzification

{e)}) nomenclature

(f) 1 do not know ’

The basic universal unit of classification is termed

a) the c¢lass

(b)Y the division
{¢) the family’
d) the genus

{e) the speciess
{f) I do not know

The Klngaoms Znimaiia and Plantae are some of the groups
included in the Superkingdom called

(a) Eukaryonta«’

{b) Prokarvonta

{¢} Protista

{d) Myreteae

{e) Monera

(Y 1 do not know

An anm nation of the stru ~ture of the blue-green algae ¢’
reveals presence of a nitregen-fixing feature called a

{a) heterocyst¥

(b) heterochromatin.’
(¢) heterothallism
{d) heterockarvon

(e} heteroptera

(f) I dc not know

A fungal bodv constituted from a network of numercus
hyphae is usually termed the

3
/K(" 7 :\(W\/

{a) myocyte

{b) myoblast

{¢) mycorrhiza
(d) mycelliuwm—
{e) mycoplasm

(f) I do not know

11

S RN
(RN o &

Py



£9.

The class of fungi which includes the common edible
mushrooms bears a tetrad of spores that are called

{a) con1d10500feb
{b} conidia

{(¢) asci

{d) ascospores .
(e) Dbhasidiospores=
(fy 1 do not know

A vascular plant that is inca
but only known tc reproduce b
classed ag the

va
y means of spores can be

) - Rryophvte®

} » Pteridophyte~
‘Spermatophyle -
;Ascomybeteg}
Zygomyvcetes
1 do not know

\

—'~.».’D Qai—: tj‘m

-
(
f
\
I
\
f
L
7 Y
(e

N
()

The branch of botany categorised as morphology is
considered to be .

(a) the =ztudy of biclogy which deals with the internal
structure of the plaants, including the corgars and
their associated tissues

X

(b) the study which deals wit

h the S“ructure function
and life historv of the cells.\”

{g) the study which deals with the shape and arrangemsnt
of the organs and hence involves aspects of form and

structure of an organism. 2 -

§

{d) the study which dezals with the internal processes

and functione of plant parts,

a field of study which deals with the relation
between plants and their environmenti

(f) 1 do not know
The dicotvledons are considered to be

a group of vascular plants which bear szpores

(b) a group of non-vascular plants which bear spores -

{¢) a group of non- -vascular plants which bear gseeds

~{d» a group of planta whose seeds possess two initial

embryonic leaves N
(e} a group of tlowerin

single embryonic leaf
f) I d¢ not know

et
he]

able of developing seeds

g plants whose seeds pnesess a
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"

sava plrant is considered to

() a woody plant termed a herb

{b) .a wcody plant termed a shrub /
(¢) a woody plant termed a tree

(d) a non-weoedy plant termed a trae
{e) a herbaceocus plant i o) 2 liane
(f) I deo not know

. The biological term referred to as a tissue iz -defined as

{(a) =a unicellular organism performing all the functions
/ associated with & living system

{pY a group of unicellular crganisms performing the same
function in an DY

{c) a group of multicellular arganisms found ir the same
community

~~i)f a group of celiz made up of the same shape, and size
collectively performing the same funotion "
{¢) a group of organalles tha: make up a whole plant
cell
(£y 1 do not know
2. The coucept ot tipotent implies that
—
3 1

{b) the mature Salzrénz’*ma ﬂells are ca Dahae of
dif i '

vt

{(d) ‘The mature |
meristematic ce

(e) none of the anove ataterents is correct

(£y 1 do not know

& 13
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57.

The companion cells nrriginate from and are later known to
pe asscuiated with

(a) ,XV1em/C€_}é
L) sieve elements .
{¢) “racheids
(4} rollenchyma sells

(e) epidemidal cells

(£) 1 do not know

The merigtematl Sregion found in the root tip wheres a
group of cells form a hemisphere ig termed

fa) the activa cents

(b) <sthe quiesceni

(c) the guinone centre. :

{d) #the shoot apex .

(e} the root cap’ .

(£) 1 do not know S

Whereas the limbs of vertebrate animals arise from the
pfctoral and pelvic gi:éles, in vascular plants the
latermal branches and leaves arise from the

{za) dinternum

(b} internode

(¢) intine

(d) node d

(=) nodule

(£} 1 do not know

region of the tree trnnk that
to kungucL wate: and

Tn most tropical plan
usually retains the
dissolved minera

ot
Y

w

[l A

(a) the bark
(b) the neart"f%i~/’

(c) the Japwuo‘ e

(d) the cortex

(e) the phellogen

(£) I do not know )

A-shortened form of underground stem bearing fleshy scale
leaves 13 2 perennating cryan called

N

(a) the ~1adode-
(b) the cladophyll
(c¢) the bulb-.

{d4) the tuber -

(e) the stnlon

(f) 1 do not know

14



[e¥]

planta are characterised by the possession of a
endages ﬁounq at the base of the leaf
ructures are known as

(a)” cotyledon

{b) aulpule“

{c) stipes

{d) ligules’

(e) cataphylis -
{f) I do not know

& compound leaf is often described as
(a) a plant crgan whose blade is simple and entire =

N

(b} a plant organ whose blade iz simple with toothedX

ubdivided into two or

[
=
o
O
[
W
o
o
%
o
e
mn
®
ot
pd
o
0
®
H
n
in

(d}Y a plant
-and peta

»x@

rgan with flowers consisting of many sepals
C‘

(e) a plant organ whose leaf blade extends into the
tendril

(f) I do not know

In reproductive systems of the angiosperm plants the
essential parts of'thE'flower are: ..
| | ‘ o
(a) the pistils and stamens?v’® ° .
{(b) the calyx comprised of sepals
(c¢) . the corolla comprised of petals
(d) the veceptacle on which ail floral parts arise
{e}) the h‘panth;um
(f) I do not know

It hag been estabhlished that, in female gametogenes sis

{a) 11 daughter cells 1esult1ng from meiotic division
of the mother cell remain functional =z ‘
{b) omnly two of the Four daughter cells resulting from
meiotic division of the mother cell remain furnctional
{g¢) only one of +he four daughter ﬁells rebultlna from
meiotic division of the mother cell remaing functlonai
(d) an ovule that is ready for fertilization ha a total
of six nuclei . :
{e) the egg apparatus located near the micropvle has a
set of four nuclei o
{f) 1 do not know

bt
o
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63.

64,

65.

In an ovary of the angiospsrm plant the development of
the ovules occurs cn the tissue known as

(a) the nucellus® -

(b} the integumeut -

(¢) the embryo sacs'

(d) the placenta

(e) the endos S PETMpads

(£) I do nul know

The first event which ieads tn the germination of the seed
has been noted ss a process which 1nv0L\?q
(a) the inhibition nf water

() the imbibiticn of water:

C the synthes of mREA

; d
{(d) the synthesis of gibber ac
(e) the synthesis of absoisic acid
(£) 1 do not know

g, liguid or solid
@A of higher concentration
is briefly expressed as

The Dﬁtentle abilit

molecules to diffuse
to that of legser co

(a) osmotic potential~

{(b) ocsmotic pressure

(cy diffusion pressw

(a) . independent diff srezagure P
(e) plasmolysis proc

?."

(£) 1 do not know

f biomembrane has been elucidated as a form

=

atructure

[

‘he
of =a

(a) glyvcoprotein

{b) 11popro+91IW'Aﬂ foE .
(¢) polysaccharide.

(d) oligosuazcharide

(e) impermeable structure
{f) 1 do not know

A transpiration process 1 . peeceived az a phvsiological
activity in which water 11 diffuse out of the stomatal
pore‘to the atmosphere in the form of

(a) «2 conflﬁuou jet of-wéte;

(b) sconrdensed d*oplm ol water.

(¢) a diffusion shell

(d) sliquid oxygen ’

{e) =all the abecve are correct )

(f}y I do not know . .
\



62,

When the extracted chloroplasts are emploved in ex =itu in
elucidating the photosyathetic event of the light '
eaction, the ferric salt which 1s used in the experiment 18

known to be

£a) the electron acceptor
(b) the electron donor \ ,
(¢) the chil rophyll dHaL chfiﬂg agent

{d) the carbo cerat

(e} involved in thﬁ svnthasig nf water molecules

{(f) 1 do anot

The Cw pathway of vhotosynthesis is a bicchemical process
in wiich,

N ~, »
{4) the initial COy acceptov is ribulose 1,5%diphosphate

=) the initial CC, acceptor iz phosphoenol pyruvate,

(Y malic acid and aspartic acicd are the first products
af the dark reac;len

{d) *“phﬁbbhﬂgva(lMC acid iz the first product of the

s dark reaction

(e) 3-phos; phoglyceraldehyde is the first prcduct of the
dark r=action

n
o
a

9]
D

The anzyme involved in the gnitial

of CO, fixation
in a C3 pathway is balxwd

L

VAT

(c}g.ribuiosé dlphgsphn_u£ rarboxylase’s
(d> nnospnoe;ui pyvruvate carboxylase

(e) phosphctrinose l1somerase
(£} 1 do not know

In leaves of mozt tropical grasses the occurrence of the
Cy photosynthetic pathway can be predlct@d by noting the

presence of such anato wnical svndrome asg

(a) the
(b} the
(¢) the
{d) ths
} < the

Y I de not kEnow

17
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-
]2
12,

74,

75,

ANTMAL BIOLOGY

Chogse in
most compléx.
(2). cell, tissus, organ. crganism
{b) tissue, cell, organism, 0rgan
(c} organism, 1 ., cell, organ
(d)y cell, Grganiam prgan, Lissue
) orﬂahlgm, smolectle, call,
) 1 do

o~

D

Smooth i

a\l
(b)

muscles are

inveluntary . -~
voluntary

(¢} fast actiﬂg
{(d) attached
e} found in a only
'f‘ I do not
The capzacity of an croganism Yo detect
Ja) -métabelism
{b) respensivensss="
{e) ‘oduction
Ld) hack
(e ordination -
not know

Wwhich of the following

(a) pitvitary giland k.o
“Mb) salivary Oldnduf

() ovarV'

{d> ‘t..(.-"_a -« "'[

{ none of the above -
() T do not kKnow

The term "TiSSUE" can be avplied to

v{a) any structure in an organism
(b) a copulatory : structure
{¢) =a group nf similar ﬂells crgaJ
and functionzl unit -

A

all of the =zbo
1 do not know

i e

om least complex to

stimuli is termed:

is an example of an exocrine gland

‘"““T e

ed . into a structural
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(22}

ow

leg-
1 intestine
ighian tubul e¥w~s
ttachéag

none of .the above

I do not know

)

ubterus <.
fallopian tube
vagina.

OVALY

I do not know

The tendency of an organism to maintain constancy of the

internal environment is known as

o

L ¢

SN T TN TN AT
R N s T g

o~
Lo L 4]

O L0 oA
N

J—

S~

'5"’3
—
O ®
G
D

S0 TR
N e

iy

P e N e Tl

h D

{

homeocstasissi
adaptation
responsivensss
excretion
secretion

I do not RKnow

brain and spinal cord of wmammals make up the:

central nervous system
autonomoug nervous sys
sympathetic nerveous system
reflex arch

parasympathetic nervecus system
I do not know
structure through which gas exchange actually takes
ig:.

ginuses

larynx

alveold -
epigiotis
pleural membkrane
I do not know
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85.

The structure in which protein digestion begins 1is
called:

(a} ducdenum

{b) stomach « ¢
(¢) liver

{d) large intestine ,
{e) none of the above

(fY I do not know

Which of the fellecwing organ is equipped with valves

o

.

{a) capillary

(b} artery

(c) veim --

{d) aorta

(e) all of the above
(f) 1 do not know

The function of plateletes is te:

(a) transport oxygen

(b¥y initiate clotting

{(¢) seek out and ingest bacterias
(d) become macrophages

(e) transport carbon dioxide -

(£) 1 do not know

Whether it is the long neck of the giraffe or the short
neck of the cat, the number of cervical vertebrae in all
mammals 1is ’

() seven,, ‘ )
() five

(c¢) four

(d) twelvey

(e} ten

(£) 1 do nct know

Which of the following is NOT =a function of the liver
~ 4

(a) “Bile secretion, )

{b) Homeostasis maintenance v

(c) water balancew.

(d) synthesis of glucose to glycogen ~

(e) mnone of the above X

{f£) 1 do not know

20



The duodenum recéives

oF
(b)
(c)
(d)
{e)
/FJ)

foed from
digestive enuyme
bile salts from

all of the abkove
the above

mach through the pyloric’
m the appendix ¢
RARCEEASs

sphincter

1 m

none of
I de not knaw

at a pH of abeut

The enzyme

e Woan i W e Itenn

R O O
AT T G A L Ny

-y

=1
o 0O

none of the above
T do not know

es itself and hlood pressure reaches a

The heart empti
maximum during:-

g Ak
‘diastole -
.systole.—
heart beat
exercise o

do not know

Wwhich of the following

{a)
(b)
(c)
(d)
(e)
(£}

The

(a)
(o)
(¢)
(&)
(e)
(£)

4
% .NOT a tigsue?

x - )
cartllau o Corn L t}L‘
stomach -
cepithelium

I do not know

/\/\,QJL/P W

number of ureters in the mammalian body ib

several thousand

do not know



93.

95.

The structure in 2 cockroszch that can be considersad
analogous to a mammalian kidnev is the

(a) fat bedy

(b) dintestinal caeca
malpighian tubules~
{d) tracheal system

(e) haemocoel

(£) T do not know ’

Which of the following bones is found in a mammalian leg?

(a) humerus.

(b} radius,

{c) femurws

(d) ulna ™~

(e) =scapula

(f) 1 do not know

Peristalsis-

(a) c"topa food from getting into the trachea
{b) the enzyme that hyvdrolyses starch- s
(¢) deqtrovr bacteria that reach stomach
(d) is the movement that pushes food material down the
gullet
(e) 1= a finger like process in the small intestine.
(£) I do not know
Which of the following organs is the MOST important.
\

{a) Spleen.

(b) Heart ¥

{(c) Lungs

{d) Brain =

(e) Kidneys

(t) I do not know

The products of protein digestion are

(a) fatty acids -
(b} simple sugars
{¢) amino acids

(d) nucleic acidse
{e) wvitamins

(£) I do mnot know



98.

100.

Most carbon dicoxide in the bhody iz transported as

)

{a) a dissolved gas in the blood 8

{b) —a binding toc haemoglobin in the blood
(¢) carbenic acid@

(d) bicarbonate sal#é " =

{e) as carbchydrafes’

(£) I de not know,

Tn human beings the circulatory system is.:..

(a} divided by the septum -

{b) open

{¢) «closed

{(d) dintermediate .

(e} none of the above

(f) 1 do not know

The carrier of oxygen in the blood iSeen-
s 4

{a) myoglobin >
st

{(b) haemcglobin-
(¢) fibrin

{d) thrombin

(e} prcthrombin
(f) I do not know

AN

N A ;
A specialised cell -that distinguishes a-neroné system
from other communiéation systems is called:

(a) the feuron =—
(b) the nephron

(¢) a glial-.cell ,
(d) =a muscle cell’
{(e) an erythrocyte,
{(f) I do not knew

‘2
)
=

Which of the following tvpes of bledd-cells is
nucleated B

- A
Wa\ erythrocytel
(b) lymphocyfe ==
(c) eosinophil
(d) neutrophil
{e) thrombocvte
(f) 1 @c"not kmow

END CF EXAMI¥§E}9N
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DEPARTMENT OF BIOLOGY

UNIVERSITY EXAMINATIONS - DECEMBER 1994

CELL MOLECULAR BIOLOGY

Qi) A traditional healer claiming to have found a cure for AIDS

submitted his preparation to Scientists. Paper chromatography
studies gave the following data.

RATIO
RATIO STANDARD OF
UNKNOWN , OF FRONTS FRONTS
A 0.05 Alanine 0.950
Glycine 0.995
B 0.152 Phenylalanine 0.785
C 2800 0-200 Valine 0.005
D 0.795 1 Cysteine 0.051
E 0.945 Serine 0.201
Threonine 0.150
(a) Interpret the data
(b) Make appropriate conclusions
Q2. Study the following data. The enzyme Lactic dehydrogenase was
extractad from two species of water bugs, and the activities
of the two extracts were compared at constant pH, Enzyme and
substrate concentration. The following datal was obtainad.
MOLES OF SUBSYTRATE
TEMPERATURE o HYDROLYSED
SPECIES A SPECIES B
5 0.0 0.0
15 4 0.15 0.0
25 1.36 0.0
35 2.75 0.0
45 1.04 0.10
55 0.25 0.21
65 0 0.40
85 0 0.80
105 0 0.25
(a) State the aim of the experiment.
(b) Interpret the data with the aid of a graph.
(c) Make appropriate conclusions, and comment on the possible

habitats of the two species of beetles.
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BIOLOGY OF CELTLS BND SYSTEME

IME: THREE HOURE

IVE QUESTIONS
HE LAST QUEST g
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muscle at the molecular level.

2 Froteinsg are the only macromolecules with enough
apecificity to carry out kev celluolar functions
3. Describe the following macromolecules:
a. Cellulose

b. Glvoogen

=

c. Haemaglobin

je7
s.!)

2,
i

Sterni:

e. . VYitamin A

1‘*‘
D

4 . Discuss fachtors that affect en

N
<
3
D
9
a

«c the structural and functional relationship of

atalvsed reactions.
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“

Tl BZ 210

BIOLOGY OF CELLS AND SYSTEMS

PRACTICAL PAFPER, 11

IME: THREE HOQURS

NSWER: ALL QUESTIONS IN SECTION A AND B

SECTION A
GENETICS
For each of the following hypothetical sequences of
nitrogenous bases on a sugar-phosphate strand of DNA:
a. Determine the sequence of nitrogenous bases on
the complementary sugar-phosphate strand of the

DNA molecule.

b. Write down the sequence of nitrogenous bases of
the mRNA to be transcribed

O

How many proteins are coded for by the sequence?

d. How many proteins would be coded for by the
complementary sugar-phosphate strand of the DNA
molecule.

e. How many amino acids will each protein produced
have? and,

f. List the amino acids encoded by the sequence in the
order in which they would be assembled at the
ribosome,

SEQUENCES

(i) B'- TACAGAGGTTGACGGCGGCTTCAACAT TAGCGTGACTATTTATT
GTAAATTC-3'

(ii) 8'- CACTGAATGAAARAAGCATGAAGAGGGTGCGATCTAA-3'



Rank the genetic maps whose particulars are indicated in
the table below in order of severity of interference in

crossing-over among their genes or alleles. Show vouvr

work.

Genetic Region 1 Region 2 Observed Frequency
of

Map Linked Genes distance (m.u) distance (m.u) double crossovers

1 cv-ct-v cvibt=6.42 c+ v=13.19 0.55%

2 ec~-cv-ct ec+tcv=10.27 cv+ct=8.42 0.15%

3 sSg-ec~Ccv sctec=T7 .57 ectcv=9.70 0.00%

4 sc-ec-vg sctec=5.56 ec+vg=49.80 2.58%

SECTION B

ANIMAL PHYSIOLOGY

a. i. How can vou test for starch?
ii. How can vou tell the presence of limit
dextrinsg in vour reaction mixture?
iidi. Which enzyme digests starch?
b. i What are the products of sucrose digestion?
ii What property dc these products have which

is used in the Renedict's test?

Q

~ Briefly describe the procedure you would use to test
! focr proteases.

d./ of what value is one knowledge of enzymology to the
Doctor in the treatment of infections?

a. Identify the specimens A-E.

b. What is the approximate age of each specimen in
hours?

c. Draw and label the major parts of each specimen.



d. How does gas exchange take place in bird eggs?

e. i. What is the main waste product of the growing
embrveo in the shell? '
ii. What is the advantage of that?

END OF EXAMINATION

)

[UA]



THE UNIVERSITY OF ZAMBIZ

UNIVERSITY EXAMINATIONS - NOVEMBER/DECEMBER 1934

EY

THREE HOURE

the DNA molec ,
Lo PP@duC rbsarv«ble
2y explain the roles

Diccuss factors that govern the ultimate equilibrium
attained by alleles in large natural pepulati ns ol
srganisms and eXp squilibri

expressed mathema X

following techniques of
cur understanding of gene
yf traits from parents to the

a. Gene Splicing
. Nuclear Transplantation

A D : C cgene action in a
ive the svidences that are in existence pointing
1o

i~ -~



1
-

O H
3 H
]
Ul |
pemt i
m .. i
& w1 1
“r=f # '
-l o i
o] 2 1
Q i
1] i !
] P i
o] ] !
e o] i
fd I
! 4} {
e o) 1
b i
= et H
A2 o] !
|
3} . ) i
@ ] t
iy | W i
s oo !
{0 a !
v oy bt b} H .
o [ L il ] o
< o & > 3 2
] 3] o] ! —
b = o] i i o
a4 ped pd | ,ﬂ o
E )] 4] : ]
Q !
) o U + o !
- el ) ) 0 H
[} o Uh qi et 1
vrd ol 0 o Bhes ) H
b o o et o] i
g ) 0] e @ = !
oo ) o) » “e |
o] ) e it e |
< £ P e 5] i
4 SR i) jaa 0t © !
T ¥ jaty oy i
- a3 i
e b e 1
G @ &y - f
- Foli- hd . . . . . !
] vz “ o] el 9] sl (0] t
!
_ i
~ i



YIRS OTYITTT Y TN TS TR

THE UNIVERSITY OF ZAMETE

...... o rmr T g e T T T RS £ v T T sy T gt e
UNIVERSTTY EXAMINLATIONS - NOVEMBER/DECEMBER 1954

ST T T AR AN 1 TR IO
TaTION ONE OAND FOUR OTHERS.
=

¥
LUSTRATE YOUR ANSWERS WHERE NECESSARY.

88 the usefulisss
stimating animal

e loss of
ftall,

aa 4]

With the use of Zambian examples, explain the differences
A il

betwesn ZODAL andg azona

bond
2.

o

P

t

=

[1i63¢

The fig and the fig wasp repr eaent one of
: 1al & i nte CUSS

lised inter-specit ractions.

n n

e
s

tj r*
’.l

Hew useful iz the niche concept in explaining competition
ithin and betwsaen species

EXAMINATION




THE UNIVERSITY OF ZAMEIA
UNIVEREITY EXAMIKATIONS - NOVEMEBER/DECEMBER 1994
BIOMETRY , ECOLOGY AND JOLUTION
PAPER 11
THEORY
ME: THREE HOURS
SWER:
ESTION ONE AND FOUR OTHERS.
LUSTRATE YOUR ANSWERS WHERE NECESSARY
What iz the difference between a t-test and amalysis of
variance (ANCVA).
Discuss the mechanism of reproductive isolation and its
significance to the species concept.
Write short notes on any four (4) of the following:
(i} Aneuploids
{11) Sexual selection
(iii) Altruism
(iv) Criterion of demarcation
{as in philosophy of science}
{v) Teleology
{vi) Homo habilis
In your notes, stresg the relationship of each topic to
evelution.
Define the Hardy- Welvbelg law, and discuss 1ts practical
problems associated with it.
Compare and discuss any two {(2) of the following:
{i) XKin selection and group selectiocn
(i1) Darwiniem and Lamavckism
(1ii) Batesian mimicry and Mul mimicry
{1v) Svmpatric and allopatri s




Explain the mechanism of genetic drift and its
significance ©to the concept of evolution.

ted
-

District Urban cases Rural cases
Samiva 30 2G
Serenje 50 45

'n the basis of these data, discuss

(i) the distribution of the gene responsible for sickle
cell anaemisz.

[
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. THREE HOURS

ER: ALL FIVE QUESTIONS
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tmi
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A4 researcher grew Afzelia guanzensis seedlings and
harvested a zample for oven-dry mass determination at
regular intervals. The results were as follpws:
Age of Lbove-ground biomass {g/sample plant)
geedliings
{weeks) i 2 3 4
3 ¢.882 0.417 0.400 0.420
7 1.437 0.441 1.653 0.363
11 2.462 0.5%01 0.520C 1.899
15 1.217 2.191 1.726 -
19 1.417 0.336 4.125 0.390

Do these results chow any correlation hetween age and mean
biomass of seedlings. 1If so, develop a mathematical model
that can be used to determine biomass from the age cof
seedlings.

OR

A researcher measured the girth (ecm) at 1.3m above
ground of four marked Brachvstegia sviciformis trees
in March of each vear from 1991 to 1994 and cbtained
the following esults

[



+3
=
W
1

airth (om) in March

1983 1992 1593 1934
1 38.5 38.0 38.0 39.0
2 6£1.0 61.0 65.5 63.0
3 30.% »30.5 32.90 33.0
4 79.5 79.0 8¢.5 80.0

Did the trees show any significant differences among the
years What is the basis of your answer

EITHER

Calculate the probability of three children born to the
same parents being male.

OR

calculate the variance and standard deviation of the mean
germination rate of Acacia polvacantha given that
in an experiment 66 cut of 88 seeds cgerminated.

Briefly explain the evolutionary principles or mechanisms
that each of the specimens A, B. C. and D illustrate.

Clasgssify specimpns E, F, G, H and 1 according to
Raunkiaer's Life Forms.

Classify specimeng J. K, L, M and N by their respective
ieaf arrangement.

END OF EXAMINATION
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PAFER

FR: ALL QUESTIONS IN SECTICN A AND SECTION B.

SECTICN A

You are provided with 3 of cereal grain seeds
germinating for 1. 2 and 5. Weigh approximately

5 grammes of the seeds an ng a pestle and wmortar
homogen*vg them separatel h 10 ml of distilled water,
then centrifuge at 15 0G0 for ten minutes Transfer
the clear supernatant to aduated measuring cviinder
and make up the volume to ml with distilled water.
Label each extract approp ely

Place 5 ml cf 5% (¥) =tarc ion in each of 3 test
tubes labelled A, B, € and tc sach add 2 drops of iodine
solution Now add 2 ml of the sead axtract to tubes
A, B and €, cone at a time.
Mix the contents guickly and note the colour reaction.
Using a stop watch note the time lapse betwesn the
initial colour react 5

1

ervable colour
1

t
M 1
*tion and when obs
A - X » T T
e ; lace., Do this for
-

State the aim of the expsriment.

{¢) Which seed sample produced the fastest reaction and
which had the slowest reacti

the seed

o
rq

xplain the res
axtract and the

() What conclusions can vou draw regarding the
germination status of the seeds and chserved
activity?



COmD
in unit

o

Group I

Their diet consisted mainly of millet and maize with

irregular gsmall amounts of meat, milk, fruit and

vegetables in seazon.

66 pecple werse examined.

Group I1

Their diet consizted of potatoes, meat and vegetables.

34 people wsre examined.

roup 111

Their diet was mainly milk, bpeef and chickens.

17 pecple were examined.

The vesultz of the investigation are tabulated below:
Mean activity of Standard
salivary amvlases deviation
in units per cm

oup I 2:5Q 60

Groun I1 115 30

Group III s 10

(a) What was the hypothesis tested in thig invesgtigation?

{b) fnalyse the data by means of t-test

() Do the results support vour hypothesis wnd if so how?

\ ; hog L

{d} How do vou find out whether the differerces in

amyvlase activiiy is an inherent characteristic or
an environmentally causes Gharactet15 ie?
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UNIVERSITY EXABMINATICHNS - NOVEMBER/DECEMEER

. TWO FROM EACH SECTION AND ONE FROM

Dizcuss photosynthetic electron transport bhetween
vhotosystem 11 and photosystem I.

Digcuss photorespivration in leaves.

Give an account of the biochemical processes of nitrogen
fivation in legumes and nitrate assimilation in
non-legumes. How are the two major export forms of
nitrogen, glutamine and asparagine produced?

SECTION B
ANIMAL PHYSIOLOGY

Discuss the changes in circulation that occur at birth
in the mammalian foetus.

Discuss the range of extrarenal osmoregulatory organs
found in the vertebrates and ths environmental
adaptations associated with each structure.



What systems and mechanisms have insects evolved in order
tn avoid the transportation of gases in the bklood?

Discuss antagonism in hormone actlon. giving appropriate
sxamples in vour answer.

[



THE UNIVERSITY OF ZAMB

UNIVERSITY EXAMINATIONS - NOVEMBER/DECEMBER 1994

[SWER -

VE QUESTIONS. ILLUSTRATE YOUR ANSWERS WHEKE NECESSARY .

How would you construct a Leopold Matrix to record the
interactions between environmental components and
charcoal production activities in Zambia.

e use of examples, discuss the usefulness of the
't in field ecological studies.

How would vou study primary production and the effect
of herbivcry in a savanna g9v ‘assland.

. Explain how vou would go about constructing a life table
for a mammal species inhabiting a conservation area.
Indicate whether vou would choose to construct a dynamic
or static l1ife table and why.

et
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UNIVERITY - NOVEMBEER/DECEMBER 1934
AE : THREE HOURS
FIVE QUEESTICNE. ALL QURSTIONS CARRY EQUAL HMAR
iz 1t really necessary io ave two pairs of
wings in order to flyY  Des ions in Class
Insecta where flight is affs ale pair of wings
and explain the roliss plave pailr.

Lea modifications in insects are correlated to the types
of habita i ok soribe the major types

- L P
mhers of Class InsecCtia

oeour on some insect

short notes on five of the following terms and
4
E

a. Entomology as a science
b. Indirsct pest
o Economic Injury Level
d. Inspcticld 3

. X nentia]

agrowth
d

O
alative method

D
mrm

Distinguish the types of mouthparts exhibited by the
following insects and in your answer show which parts of
the generalized chewing and biting type of mouthparts cgave
rise to them.

b Honev bee
O Butterfly

bt
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UNIVERSITY EXAMINATIONS ~ NGVEMBER/DECEMBER 1994

THREE HOURS
R FIVE QUESTICNS. ALL QUESTIONS CARRY EQUAL MARKS.

,otes on the diaanocsis and contrel of the
asites:

= Entamoeba histolvtica

. Leishmania donocvani

o, Necatocr americanus. .’

d. Oneocorcercs volvuius

e, Stronagvlicides stercorxalis .

Environmental pollution increases the prevalence of
parasiftic 1nfect1&ns. Discuss

seolium or
of controlling

Discuse the Life Cyele of eith
Taxoplasma gondii and discus
the infection.

What is zoonesis? Discuss.

can trvpanosomiasis from American
is

Write an essay on how to control malaria.
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THE UNIVERSITY COF ZAMEIA

FIVE QUESTIONS. TLLUSTRATIONS MAY ENHANCE YOUR ANSWER.

dures used in

D

ioristic proc

employed to
taga as the

Explain some aspects of ex situ and in siitu conservatlion
applicable in plant genetic resources.

EITHER support or challenge the perception that
Colophospermum movane 18 a nec-endemic taxon in
Southern Afvica.

f the following concepts:

ﬂ
&)
et

Write brief notes on any FOUR

geocarpic fruit

Lge and Area concepti

cyanogenic glycosides in Cassava

botanical interpretation of commercial cotton
alien plants

plant domestication

hvpogenous seedlings

rodulations in Legumincsae

e —

TG e S0 TN

N e

et S et e Tt

Lo~

N,

Provide evidence that would uphold the view that a
eustele anatomy of the herbaceous stem is a derivation
of the ectophloic ziphonostele.

ot



Dizruss fesatures of botanical interest found in a species
belonging to any ONE of the following families:

'

What floristic information would best characterise the
. F

African phvtochorion known as the sudanian-Zambezian
Regien?

L1

Fs

Compare and contrast tne T e structures of the
male and female cones of the genus Pi

END OF EXAMINATION

[}

[



UNIVERSITY EXAMINATIONS - NOVEMBER/DECEMBER 19294

TRACHEQPHYTE BICLOGY

va

THREE HCURS

ER: ALL DUESTIONS IN ANY ORDER.

You are provided w1th wood shavings of specimens A and 3B,

one of which is alleged to have been used in the murder
~ase that is pending a hearing in the Court of Law. The

only clue provided by the Pclice ig that the killer
weapon happen to be an angiosperm 10Ldv gstick. Use the

reagents provided and carry out the "Maule Test" in

the identification of the killer weapon.

Use the diagnostic botanical kay provided to identify
the woondland taga labelled C, D and B. Indicate steps
taken to arrvive at vour determinatiocn. The key ig given
separately as Data sheet 1.

Identify specimens F, ¢, H, 1 and J to their respective
pvlant groups.

Examine a set of flowers labellied as specimens K, L, M, N
and O and use the characters sceored to construct a

dichotomous kev.

A floristic study was conducted on two wlffevent woodland
types. One woodland type te mgd RKalahari odland is
located on Kalahari sand in ia anga Distr 1ﬁt and another
type called Miocmbo cccurs on the main plateau in Mbala
District. The floristic composition which formg the
can@py cover of each of these two vegetation types ig
presented seperately asc Data Sheet 2.

Study the lists of taxa and calculate the Demarcation
Knot, Comment on vour findings.



BZ470
PRACTICAL PAPER

DATA SHEET 1. Key to the woody plants of the Campus

11.

11'

13.
13.

15.

15.

Stems, leaves or both parts armed with prickles..¢eiveeeeeee?
Stems, leaves unzrmed. ..o vt et tr ot rssscssesssresnsssasld
2. Leaves Simple..oiiii it ierersiastrssseansssssssnssassasesad
2. Leaves compound. . .v et voetsossesssssnsnsssenassnsssaanenel
Spines borne singly or in form of spinescent stems..........4
Spines borne in PAirS. . it er ot otststsssossasesssssssssssssed
4. Leaves usually 9 cm long, leaf blade margin crenate

(toothed). ... vns creecessereeressssss Flacourtia indica
4, Leaves up to 3 cm long, leaf blade margin entire

(smooth)........ cvessssssssssSecuridaca longipedunculata
Leaves opposite, leaf blade margin entire; pair of
spines both curved....... tievsesssssses s Strychnos cocculoides
Leaves alternate, leaf blade margin crenate; pair of
spines one straight, another curved......i it evessrses.b
6. Leaf base weakly asymmetric; abax1al surface

white tomentose (matted hairs)......Ziziphus maurltlanus
6. Leaf base strongly asymmetric; abaxial surface

glabrous or with brownish hairs.......Ziziphus mucronata
Leaves trifoliate, petiole armed.........Erythrina abyssinica
Leaves binnate, petiole unarmed..... eocverovrtrseossosansssee8
8. Spines borne singly as modified stems;

inflorescence purple tinged........Dichrostachys cinerea
8. Spines borne in pairs as modified stipules;

inflorescence completely white or yellow.... v eveess9
Rachis 11-20 cm long; pair of spines all curved.......e....
et ettt c e e e ce e .Acacia polyacantha
Rachis up to 10 cm long or less; pair of splnes
straight or a mixture of straight and curved forms.........10
10. Spines small, up to 1.5 cm long; leaflets

usually 9 mm long..eeeeersriersssesnssseresAcacia albida
10. Spines more than 3 cm long; leaflets up to

5.5 mm 1long Or leSS.iiitseertssoesosrssnnorsansssarssssasll
Leaves alternate, well spaced out; pinnae more
than 10 pairs; leaflets 4 mm long............Acacia sieberana
Leaves clustered at the nodes; pinnae up to 10
pairs; leaflets 5-5.5 mm long....vev it eneetersvonseensaasl
12. Rachis 4 cm long, with 2-7 pairs of pinnae;

flowers yellow..uvivereeiiesesnesensssasssssAcacia karroo
12. Rachis 6-10 cm long, with 4-10 pairs of pinnae;

flowers white...viivviiitisvesrsssasssssAcacia gerrardii
Leaves SimPle .. vees oot isosoantosoasenssssssssassssssasseesld
Leaves COMPOUNd. sttt tvenosostsosssssssssssssssssssssssssssslB
14. Leaf apex bilobed...iieiiiiitsttseeesssossensssessnsseld
14. Leaf apex entire, not lobed....vivivvreensvrerssssessslb
Leaf blade up to 6.5 cm wide; nerves 3-4 per lobe,
indistinctly raised..v.cieevevienseesess. .Bauhinia petersiana
Leaf blade 8-15 cm long; nerves 5-6 per lobe,
prominently raised. .. .i ittt irens Piliostigma thonningii
16, Plant’s sap with latex....vive0enes O

16. Plant’s sap clear without lateX..¢ivievvierneroareessa18



17.

17.

19.
19.

21.
210

23.

23.

25.

25.

27.

27.

29.

29.

31.
31.

Leaves opposite, glaborous; leaf base ACULE s vt veeranna s,
C sttt e e teteseessssssssssDiplorhynchus condylocarpol
Leaves alternate, hairy; leaf base cordate or
rounded. . et ecesanssersssesasssessssssrssssssFicus sycomoru:
18. Leaves opposite or 3-verticillate (whorled)...........lS
18. Leaves alternate. .vceseeereesesosssesssssssssssssnsesssdl
Leaves opposite, blade glabrous.....s.e....Syzygium guineens
Leaves 3-verticillate, blade hairy.........Combretum fragran:
20. Leaves sessile, blade lanceolate.........Protea gaguedi.
20. Leaves petiolate, blade either elliptic

ObOVALE OF OVALE .t vt erreeeesossnssssnsssssssosssnsnsssdl
Leaf blade 10-20 cm wide, obovate.............Uapaca kirkian
Leaf blade up to 10 'cm wide of less, elliptic or ovate.....2:
22. Leaf margin markedly toothed or wavy to

bluntly toothed.. R AR
22, Leaf margin entire................................... . 21

Plant a suffrutex; leaf blade margin markedly toothed,
lamina covered with yellowish hairs.....Triumfetta heliocarp.
Plant a tree; leaf blade margin wavy to bluntly toothed,

lamina glabrous Ceesseststaas e veeeeee..Bridelia micranth.
24. Leaves ovate...........Pseudolachnostvlls maprouneifoli.
24, Leaves elliptic....... s e e e 1
Petiole up to 1 cm long; leaf blade up to 4 cm wide,
venation reticulate.......vsvvs0+0....Parinari curatellifoli.
Petiole more than 3 cm long; leaf blade 4-10 cm

wide, venation reticulate.......... veeesressTerminalia molli
26. Leaves opposite.......................................2
26. Leaves alternate.....ceeeeeoosossscsosssoosnossosessssld

Tree large, to 15 m high; leaves usually 50 cm long,
clustered at branch end; flowers yellow; fruit

up to 18 cm diameter....... cieesssssnsesesesKigelia african
Tree small, up to 10 m high; leaves up to 25 cm long.

widely seperated; flowers purple; fruit up

to 1 cm diameter..ceieeeesseeseesesss . Stereospermum kunthianu
28. Leaves pinnate........................................m
28. Leaves b1p1nnate......................................&
Leaflet margin with fringe of whitish hairs....covovevvevenn
S i ittt ieaesesasasesestsnssssssJulbernardia globiflor
Leaflet margin entire, without fringe of hairs..oveesvoeseed
30. Leaflets 2-5 pairs, widely spaced distal pair

larger, glossy. Ch s e e s e e e .Brachystegia spiciformi
30. Leaflets 13-24 pairs, closely spaced, more

or less uniform in size, slightly hairy...cooeeeveceoen

ittt ereatteaeeneranesseeseesnssessBrachystegia boehmi
Pinnae 2-6 pairs per 1A ettt sennossencensssssssnssssnsseesd
Pinnae 12-40 pairs per 1Ea8F vt eeenernesoosssansssssnsssssesed
32. Leaflets obliquely obovate, densely tomentose

(hairy) beneath.......ccvveveeeeesaes.Albizia ver31colo
32. Leaflets oblong, glabrous and blue-green

beneath. coseeeeeeeecesesosssannsssssssAlbizia antunesian
Leaflets 30-40 pairs per pinna; midrib diving blades
into two egual HALlVES:eoeeessersseeeeosssssessesAlbizia amar

Leaflets 12-15 pairs per pinna; midrib dividing blades
into two unequal halveS...vceesusesseesesessEntada abyssinic




BZ4170
PRACTICAL PAPER

DATA SHEET 2. List of floristic composition of the canopy
species recorded in Kalahari and Miombo

woodlands.

D.B. Fanshawe (1971). The
Vegetation of Zambia.

Acacia giraffae

Amblygonocarpus andongensis‘

Baikiaea plurijuga
Brachystegia floribunda
Brachystegia longifolia
Burkea africana
Combretum mechowianum
Cryptosepalum exfoliatum
Dialium engleranum
Erythrophleum africanum
Guibourtia coleosperma
Isoberlinia angolensis
Julbernardia globiflora
Julbernardia paniculata
Parinari curatellifolia
Pteleopsis anisoptera
Pterocarpus angolensis
Ricinodendron rautanenii
Syzygium guineense
Terminalia sericea

Miombo Woodland

Anisophyllea
Brachystegis
Brachystegia
Brachystegia
Brachystegia
Brachystegia
Brachystegia
Brachystegia
Brachystegia
Brachystegia
Brachystegia
Brachystegia

pomifera
allenii
boehmi i
bussei
floribunda
glaberrima
longifolia
manga
spiciformis
taxifolia
utilis
wangermeeana

Erythrophleum africanum
Faurea saligna
Isoberlinia angolensis
Isoberlinia tomentosa

Julbernardia globiflora
Julbernardia paniculata
Marquesia macroura
Parinari curatellifolia
Pericopsis angolensis
Pterocarpus angolensis
Syzygium guineense
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BZ 910

MYCOLOGY AND PLANT PATHOLOGY

THEORY

ME: THREE HOURS
 SWER !

VE QUESTIONS. TWO FROM SECTICN A AND TWO FROM SECTION
AND ONE QUESTION FROM EITHER SECTION A OR B. ALL
ESTIONS CARRY EQUAL MARKS.

SECTION A (MYCOLOGY)

"The exact position of fungi relative to other organisms

is a subiject of much debate™. Do fungi deserve to have

a kingdom of their own in the classification of organisms?
igscuss your opinion giving reasons for your arguments.

The hyphal tip is a dynamic constituent of a hypha in a
mycelium. Explain its significance in fungal growth,
making particular reference to the role played by
vesicles in the process.

Describe how rhizomorph in fungi is formed and give an
outline of its structure. What is the significance of
this structure in a fungus such as Armillaria mellea?

Give a diagrammatic representation of the life cycle in
any TWO of the following subdivisions.

i. Mastigomycctina
ii. Zygomycotina
iii. Ascomycotina
i Basidiomycotina



SECTION B {PLANT PATHGLOGY)

. Discuss the role of enzymes in plant disease.

. Compare rusts and smuts with respect to mode of infection
and symptoms giving twe examples for each case. What
control measures would vou recommed if there was a serious
cutbreak of these diseases im Zambia®?

. Wnat igs the incitant of late blight of potatoes? How

oegs this disease reoccur and how deces it spread in
Zambia Briefly describe the symptoms and the control
of th1% dis=ase.

1

Write detailed notes on any TWO of the following:

i. Vascular wilts

ii. Powdery mildews

iii. Parasitic angiosperms
RN Viroids

V. Necrotrophs

END OF EXAMINATION

[
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DEPARTMENT OF BIOLOGY

UNIVERSITY EXAMINATIONS, DECEMBER, 1994
BZ 910
MYCOLOGY AND PLANT PATHOLOGY

PRACTICAL
TIME: THREE HOURS
ANSWER: ALL QUESTIONS
1. You have been provided with two fungi, A and B.

Compare their growth rate by measuring the length
of a hypha at different intervals over a period of
30 minutes.

Show your results in graphic form.

N. B. Note that you are requxred to ¢c# 1brate your
microscope and show ne o corive ot yous celt. otiol

fienres, (25 marks)

2. You have been provided with a fungus which has been
grown in an agar medium supplemented with either
glucose or starch whereas the third culture was
growyn in a medium deficient of nitrogen.

(25 Marks)

Comment with reasons on the growth type of the fungus
with ro avs to:

(a) fungus texture (morphological quality)

(b) carbohydrate utilization by the fungus in
culture media A and B.

(c) the effects of nitrogen deficiency to the
culture in medium C. (25 marks)

3. Compare and contrast symptoms of D1 and D2 and in
each case identify the;

causal organism
common name of the dissase
nature of the pathogen (bio-or necrotroph)

(25 marks)

4. Examine specimens F1 - F10 and identify the host and
pathogen in each case giving their scientific name.
(25 marks)

=~ g P

a
b
c

s Nt N’

END OF EXAMINATION



. UNTVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONG-NQV/DEC 1994

'WTER NUMBER: TUTORIAL GROUP:

2 THREE HOURS

RUCTIONS: The examination has two (2) szections A and .,

i A You are required 1o
i) Answar all fifteendib) qgquestions
(i1y Answar the cuestions in tns space provided
aftor each gquestion,

(ii1) Hach guastion carvies {four{4) marks.

SECTION B: You ave reguired o

(i) USk ANSWER BQOKLETS provided

(iio

2 No. and TUTORELAIL,

GROUP NUMEER on yvour answer bocokliet

OUR(E) of the fived(d)

cuastions given
(iv) Make sursa your work is NEEATLY presented
(v) Each cuestion carries fifteendl’b) marks

PHYSTGAL CONSTANTS ARE GIVEN ON PAGE 2

o ————————— i o

AL MARK
i
i

TION A oo e
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i
H

ogacdro® s Number (L. N2

tf

6. 02 x 107%% per mol

eed of iight in vacuum = 3.0 x 10% ms !
s constant, (R = B.314& JEX 'mol T’

""" y K i

l 1
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Q<
o8
g™
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#
o
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g

il
1

anck's constant, () §.63 x 104 ¥g
% .

I

raday's constant, ) = 9f HBU0 Cmol™?
narg constant, (R
lar Voiume at STP = 22. 414 dmiFmosT!

torr = 1 mmHg = 133,32 Ps

Matlng) 4o ——- o> Nals) Ee = -2, 71iv

Fo(g) + 2e -———-> ZET(aq) Ee o= 42,87
CuEr(agq)y 4 e —-eemd Cnds? e = 40, 34v
0. (g + AW (aq) 4 Aa oo > RO o= 41, 23v

PH_OWLY + 2o ——--——> ilu(g) + 20H Cag)  F= = -0.83v

Let)

2HT (aq) + Za —— - Hp ig) y Sk Ee = Q.00v _



Gadium chvomats 1w
rcentration
S stays constant, will

concantration of

~

2. & ciay conieins &0%

of si:ica in the c:iay o0 8

Bt

TOTAL MARK ON PAGH:

origina: COnC ey fa 1.0 x 10TFM Assuming

x pracipitate form when the

Cr(. s is 5.6 = 107FM?

»

anc 0% water. what is the

. —
e ke
:

tdry Dasis
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. For the following sei of guaniumnm numbersin, i.ml, ms?

for electrons, indicate those wnich could NOT occur and

\

(2. -1, 0,w

(2, 0,2, %>

hehaviour, [ vYan der

a = 2,25 {(dm®)F atm molTH;

TOTAL MARK ON PaGEr



4

o

%, Predict the retative solubiiiiy of bromine Iin benzene

L= 9, 0D) aAand in water = 1. 870).

5. The foliowing is o mass spectrum of the +1 charged ions

of Euaropium(At Wt= 1%H1 94) wnich has two isotones.

Calcuiate the raiative percent abundance of each
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—8 -
Ci16

>y A wolatiie liquid of mass 9.%0g was introduced into a

gilobe of 1000wl capscity. The glode was neatad to 91°C

50 that all

i

auid vaporised. Under these conditions

the vapour exeried a pressure of 190mmHg. What is the

rejative molecuiar mass of tne liguid?

3. For a system

00K, Originally. oniv GO,

of 1.00 atm. What

pressures of the species?

"OTAlL. MARK ON PAGH:



Calcuiate the molecular weight of a zoiid weak acid

of unknown composition. The acid donates one proﬁoniper
molegule. When a 1.0Z2g sample of the acid ig dissolved
in water, the resuiting solution requires 48.0 ml of a

>

0, 241M solution of NaDH for neutralisation.

)-4»'_

Dry air near sea teve! has the {ollowing composiiion by

wvoloume: N.o, 78. 1% Q., 20, 3%

and Ar, 1. 0% The atmospheric

nrassure is 1.0Uatm. Caiculate the

ressure of

s,

oxygun in the mixtuora,

AL MARX ON PAGE:



ad

(b’

(h)

ATTOMPT ANY FOURCA) QUESTIONS

USE ANSWER BOOKLETS

The ®life” of a ceriain voltaic o

tne amount of & in solution avaiiable 10O be

W

reduced. If the cell contains 25cm™ of 0, 175M CuSQ4,,

of eélecirical charge this

e
mr

what i3 the maEsrimum aeoun
ceil could generate?
what reactions and products would you expact at the
electrodes in the electfmﬁysiﬁ of agueous NaF7?

Explain cieariy.

We construct a coll in which igantical cohper
eipctrodes are placed in Lwo anlutions. Soiution A
contains Q. 80M Gu¥*, SBolution W containg Cu™" at
come concentration known IO he iower than that of

.
soiution A, The aontentiail of the cell is ohserved

A solution containing 11.72§ n# a3 non volatile
solute in 250g ot CCi, heiis at 78.569C. The hoiling

soint of pure Cul, is 76. 80°C. Calculate the

1

mntecular mass of the sointa. K, for CCl, is B, 02.



a3y At 300%C the rate constant {or the resa

/\
VAR momeneim=)  Hp G CH=CHL
/

7
CH. g CH propyiene
cyclopropane ,

i 2,41 x 107 @g~1. AL 400°C, ¥ equals

s
o
H
"
ey
9

&
i

l

Calcuiate the value of activaition energy in kilojoules
nar o meie for this raaction.
) (i) Write Lewis structures of the following

{@m) Lbllg

(ii) ¥or eact

o

of tne above molecules use the VSEPH

theory to pradict iae geometric shape

(=HiLac), is o wealk organic acid

sur and butier miik. It is ais0 a
product of carbohydrate metavolism and is found in
the blood after vigorous muscular activity. A buffer

ig prepaced by dissolving 1. 00mi of lact

)
X
[}

acid, Hlac
(Ka= 1.4%10—=) and 1.00mi of sodium ilactate, Nail.ac,
in enough water to form 550mi of solution. Calculate

y 4™ and the pH of the burfer

e Y



h}

(<)

dl

Calcium phosphate,chgi?oﬁ)q, is A water insoluble

fertilizers. Taking its Ksp value as 1x107F%,

calculate the concentration, of POL7 in equilibrium

What is meant by peiroleum cracking? 1

During the process of cracking itnree nroducts having

Frovide & Stfuciu%exfor aach of the products
ontainead

when the three products ontained in (D) above are
treated with HBr ne2W products are formed. Write down
the reaction in each case and provide & structural
formuia and TUPAC name for each of tne new products.
why has methane gox bond angles each equal to

1049, 5°7

KXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

FEND GF EXAMINATION
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PR RS

SWER: ARY THO GURSTIONS FROM SECT

AND arY OTHER TWO QUESTIONS

ONIGe

} For pne reaction btwaen pitric ana

m e 2 N

P\ LR & P

Topund ihar coubling the concentration of

doubling the

incres: ihe rate eighifoeld,
atong doubles the rais.

What is the order of the reaciion with respect

nydrogan ?

Y Given that tne mechanism of the reaction in

weemmy NQL B (fast eguilibriom?

MO EL F NO - =m0 NSO+ HZ0 siow?

hydrogen

poth reactents

hydrogen concentration

Lo pitric oxide ang

(a) is as foilows



Terive itne stoaby stats rate law for the mechanism and show under whai

congiiion Lthe rate law reduces o the gedocii

Penicillinass, «n enzvme nresent in some resistant bacteria.  The rate

nf nydreiysis was monitored ar 2988 and pk= 7.2 1/V versus /L5
grapn piot gave a siepe of 7.6x10% min moi”?

termine V,

§oE Fa T

sng Ky, inr tha hydrolesis,

One wole of an ideal gas at 20°0 ic compreossed adiabatically o

taay fne temasrature rises fo HOUC,  Calcviate the DM, ¢ ,w and

DUOCHSS, G, for the gas is (B/2)E.

trn relation hetwesn conductance ang conductivity.

Liowing eguivaieni COngu
51 311

pode

tanpces at infinite dilution

ntinite

e

iouiate the moiar conductivity ai

= 120,03 x 1074 ghrp'ne eguivaieni!

NH G = 3@, v 10, ohm T iw® ecutvalent!

[~
"y
e
“
=
P
[0}
]
-
ke
fn
=
fads
&
2
3
bl
2
&
4
,Q.
el




Tum ConNsLand

congtant

5

W

THO QUG ONE

THON

]

fajcuiate ¥, for ithe resction

smmumm POL, 4 G
ay JOUPC G 1020 moles Polg orig

reducad o FoUU mole at equilibr

{airuiate the pH of the sciution

Y
£

HaOk), ancd 150mi of O, Ci10M HNO,

Calcalate the o of O, 10M bariee

CA = GH.CO07,  Kpof CHACOOE = 1

Cajculate the o of the soluwiion

Na(is, 0,20 moles o arig

ey

o~

e
ry

for the reaction.

Yor the reaction 243K

at
¥, steie any assumplion(s) in the
343K,

onsiant gt

in a 3,001 container were

iom?

after mixing 50ml 0. 0:0M

acetate (RaAL>

75 % 10 )

obtained by mixing 0. 10 moles of

ang i.0 litre if walter. X&ﬂf



rz Lne soiubility of silver sulphate, Az.50, in moles pear

p
L
e
-
Y
[

Ane:vsis of sodium in a sampls gave tne roliowing readings (mg)
M0, 1A% 8, 18U, , i

ot

Wnat is the rangs within whiich fhe true vasve lies at 99 %

wil {

conticgencs level

carivae the ayoress

after addiiion oF 0,0 , 15.0 , 50.0mi of 0, 100M 1

ip the tieration of 50, 0ml of O,

was gigested in strong aclds
c1d (H4POL) as the only PROSphOrous

The Phosshoric acic was completely procipitsted
cnl nf soioyion an ANbaaPU,. 12 M0G,.  The precipitate, atter
yidtering, wasaing and crying wWeS

ey T3

O, 2008y,



Natignal

Uraniuvm extraciion

of

TWe S8mD

Q. 20004,

~~

14, 1 7ml,

Phosphorous in the sample.

is curcently involved in

The resuits {ppm) for ine

DrEnaras,

Ko, = 9.0 w 10°°

O, 100 Agh

G, Omi of
Suving tivralion.
concentration in
A mizture of O.buNg
GiG,T

Sy

of U, P 30M BoAQ

Gy

oy

wey 2

PR -

converted into L1

ang

Ca¥r?

ami of O, 05008 NaCl

L0n

s lver

= 3. 7% e
in owater Aana

ot
i3
27
4
Joen
L
P
i
>
o
K]
fod
=2
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L
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Oi an £m

gown one form of Ihe ilg

13,

o
3
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o
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<
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g

3

roasponis?,

(
s

LAY Mg, zeb®
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jonization energy (XI mol™') observalions

sacond, third anc fourtn ionizations

GO0 2 430G, 3 nhn, B 0720




im mOre RPOLar

. e
(3; , o 90
(b NF, KR

N
B

Wnat is tne nvhricisetion scheme around the central atoms in

drierily aiscuss how the copcept explained the ‘mystery'

sne pactoeieclric eifrtect.

Caleuiate the work function of a sironnium metal in § omolT! o dif

{

of 3.36 x 107 cm/s whe the light

cisctron fravels wiih a

Pos Kg owee® W, = 5,02 x 107

4

Stroptinm nes bne atomic number 33, Write the formoiar of ite

oxide, cnloride, nydrids, nydroxide ang carbonate.

>
Y



Sraw the shapes (Rpgular wave fupcuions) of the atomic oriitals

with tho ori

Oyaw a moiecuyiar orbital e

lever sisgram of CH7. Using the

diagram determine the 2ondé order of CN™ ang

its wagnetic

properiies.

o7 v
Lming VRERZ orecicl ipe shapos 07 he fuirowing species

Giiiy Sw, Liv) Bry,T (V) BrEg”

YR
-

W
B

o The central ALOm

) - H ¢ om U= 1h . SR - T - el 53] . o= R

-
fa !
o)
'
)
N
ol
rute,

"~
-
)

£

> fatiowing into

"5, Car cwmE o, CF,  , NaH

For the ionic ones incicate the cporges ane ror covaient ones state

wWReiner Do:gr or non po iar,

A3

Wom gy, So=An o, Cas 1.0, Fo= 0, (=25, N= 09

Uraw the shapss of 1ae
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component ).

rurations of Copper (29)

fuy
p
-
)
4
R
T
D
-
[
ey
s
-
o
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n
o
-
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aRication sLal

Cratie1=7  Fenly , An (MU

Oraw the shanesn of

t1}r the geo isomars of [Gnlen)sG

o

ing crystes Field tneory, acoount ior the purple colour in

: ety

T GHL) 5 T complox, i =
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TIME: 3 HOURS

THOVRESTIO S

This oramination as threao

fhesn

s2ctions.

are Saction M Organis Thewistry, Section 3

Opganic Chamistyy and Sacition £@ Giolhemistry

“Lhamnt to sohend on hour  answering questions

frow each Section.

P



SECTION A

TIME: 1 HOUR

ANSHEDR ANY 3 OUT OF 4 QUEZISTIONS




SJUY

fi%  Treatment of meso-2, 3-dighronnbutane Lths 2R,3S diastaereomur’
vith Potassium bydroxics (¥ in ethanol givaes a mixtudre
7 A-hromo-i-itena and ans of The isomeric “T-bromo-?-hutenes
Hhat is the stareostructu a2 iater oroduct”

{3 Tndicate thez stercoproducts of the following reactions?

N Oy
.n.’/ N D +

\/ﬂ/CHB | ~ 0

o~
s

N

7-1,?2-dimothyivciohexens

N

[ R4 b
qur‘:-’!‘ 2
(5) DgHelH=CHCH, - D01 “
Fel-Phepvi-f-0ronins

—

i) 3 aw three-dimepnsiaonal structures for the fnur corpounds
involved in the conversion of {(U)-i-dontevioethano! to
{S)~1_deut9iioetianc! dipictast hHalo

,._
_—
~3 00

™

Jasianate comnotunds X and ¥ as (R} or (5

CLH G0
o CUNOH 55

(V|

(%
Acetone

ftagt/H,0

H ~ CHATHRDH
/’

(Y

{ii} Arerange the followina sets Qf ions ia decreasing order as

teavina arouns in nucleonhitic suhstitation,

(a) 1,0, S (Ty—50, *‘"’") B, 0,870



. {i} 1indicate which reagent in each

axpected to be
more nicleophilic towards CHy i

NCi

w n

<

"
{f) 0-CH, 0. 4.27 oy nmmﬂﬂﬁﬁHaﬂ“
f20Y t-prooyl halides wunderao the SH reaction onlv. ahout

|
only about ~A0% as fast as 21 vl nalides.

hres dingasiona’l diagrams Lo account fTor these

o Considar tha Tabla below showing ths effects of the
medium on the rates of Mucleonhilic {(Nu’d subtitution
achanisn Reacticn Effact of Iacreaseina
Solventlonizing

Powey
2 - P
S Moo Ro- L AR=T L Large acceleration
- 7
4
N ' [E_! ) :'?\ i '(\ i = b
: : ‘ alavrat
— Large accaleration
0 2 Wioe el W R o=vyow g Laraa deceleration
RES ———— ;
3 >

v Myl RNyl Small deceierabion
| _—



|

Nyaw
yon

SHe Y. MOH,CHOH,CH, + H

tions above. “xplain the ghservad

C
the veaction rate.

staaast a machanism Tor the folliowing

Moo 4
"".051

[AN)
<D

1

~
!
)

o rate controlling transition state for e¢ach of

solvent effact

reaction

—

+ A
wit o



SECTION 8

TIME: ONE HOUR

ANSWER ANY THREE OUT OF FOUR QUESTIONS.



a)  Comnound A reacted with 4Cl1 to give 1,1-dimethyl-2-

-Zhloro-cvclonpentane as the major oroduct. Suggest a
stapwise mechanisn for this reaction,

oH,
{— o
L
3
. |

h ) Show clearly how the following transformation may be
achieved in good yield. Reaction mechanisms are not required.

Cyvclohexanol ~———————£% o om U

ST O

(@)
fe—

'hen sodium ethoxide reacts with epichlorohydrin 3,
labeled with 14¢ at the carbon shown by an asterisk, ¥,
the major nreduct is an epoxide { bearing the 114

label as shown in the structure given below.

2,

= T *' o~ )
Cl-CH. -CH-CH  MaDEty Et0-CH, -CH-OH,
i Sof T \C(

C

NT%:" % represents the isotonic carbon 14¢]

»rovide a mechanistic =2xolanation for this experimental

result,

al Somew hat unexnectedly, attemoted nreparation of
2-0x0-2-nentanal by chromic acid oxidation of
1,4-pentanediol gave a compound E. Spectrosconic

studies indicated that this reaction proceeded via an

intermediate 9

H C H
”i\\//\}f” ot ﬂ}fj

b E

oo



On this basis nronose a mechanism to exnlain the formation
of the unexnected nroduct £ from 0.

D) (i) Tdentify compounds G, H and 1 in the following

synthetic scheme.

O | .
(1) ctoMa/itoH , & (i) aqueous xoH_ B, y
/ OE*‘ - r) - Y Py - ?’_
F - ; Lol tiy HCE
—_ e OEL (ii) Ay ,
O
] Z:’ i

(ii) Give mechanisms of the reactions involved in the

formation of: (1) G from F and (2)Y 1T from H.

Predict the oroducts and give mechanisms of Any Three of

the following reactions.

i C_H CHO + HOH M, H,90
(1) Colte . 0 KOH, O s
't
(11) T 5 a ‘_ ~y
H3CU ~ U Ph P = J,‘-!zﬁ

THF

(iii) | (i) LUDA/THF - 5
/’”\rf/ .’ii) ~rH “
O AN
O

H OMaCONH MH
2 2

4

v g\
: -//¥ ol = 535

P ELON, H,50,,
A ’

5

0=



a) Suggest a mechanism to explain the following reaction.
0O P>
P NN JOEE. (1) waoEt/Etod
. . ¥1
O

then (ii) aqueous HCI}

b) Suggest a stepwise synthesis of the following compounc

from alcohols containing FIVE OR FEWER carbon atoms
and any other needed reagents.

AN

Q..-—'




o

ey
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END OF EXAMINATION
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€310

BIOCHEMISTRY PAPER I

TIME: THREE HOURS

INSTRUCTIONS:

1.

2.

Answer ALL Guesticns in Section Al

fnswer any TWO GQuesticns in Section B.

Section A

Q1.

Q4.

Q5.

Q6.

Whot is the use of the following reagents in proteinp
N\

chemistry
{a) Dabsyl Chloride and
(b) Chymotrypsin?

Briefly explain why glucoaeocgenesis is not just a2 simple

reversal of glycclysis. (5 sentences maximum)

1f formic acid (pka = 3.75) ond its salt are used to
prepare 2 0.5m buffer solution, pH 4.0, What would be
the Mnlar Concentratinns of the acid and its Amion in

the buffer solution?
Where 4o the following processes take places in the celi?

(a) TCA cycle.

(b) Oxidative phosphorylatin
{c) Pentose monophisphate shunt
(4} Gilyc-lysis

When oxygenated the 3-D structure of Hb in viv: 1lusses

much of its < - helicazl conformation.

Thyamine pyrophosphate (TPP) is a part of the following
. !

enzymes. Pyruvate Dhase, <K - ketcglutarate Dhase,

and Hexskinase.



Q7.

Q8.
- Q8.

The Michaelis - Menten Constant, Km:

{(2)

(»)

Thers

P680

represents the substrate concentration at which
c

the reaction rate is half Vmax.

~f s-me enzymes may be altered by the presence of

metabulites structurally unrelated ©0 the substrate
is free rotation about a peptide bond.

y = +
dnnates an electron directly to NADP upom

photoexcitation.

Cyclic phutophosphorylaticon invelves bcth phnteosystem 1

N
anda

Q12.

Q13.

~
(Al
o
L

(b)

1i.

OQutlinc the rxns constituting glycolysis giviag the
structures, znd names of the cemdounds involved as

wzll as onzymes and cofactors.

What is the major control peint in olycclysis and

how is it contrriled?

How many ATP molecules arce macde from one glucse

mclecule when it passes through zlycolysis?

Distinguish between ~xidative phesphorylation and

substrate level phospanrylation.

(a) Explain the transfer of electrons from NADH
to 02; giving thoe noames of the enzyme
complexes and also the mohile carriers.

(b) How 1is the sxidativne of NADH ccupled to the
systhasis «f ATP?

{c) Why is cyanide 2 poison?

What arc CS and C4 niznts? Give an example of

ench.

What purpose is achieved by the lisht reacticas in

Y

i
nh tosynthesis



(1ii) Explain how  hexnse is made by the Calvin Cycle?

(iv) Explain briefly what is meant by the term
"photorespiration”.

(314,(1)The absorbance of 2 protein sclution conta rining lmg/ml
aibumin was measured psing 2 lcm light path and was
frund to be 0.550 and 0.199 absorbance units at Z79nm
and 290nm respectively. Assuming that tyrosine anc
trystophan residues are the n.a's which have appreciable
absorbances at these wavelengths, calculate the number
f the tw> a.a's residue in a molecule ~f the protein

given thate
(2} Mw f the albumin is 65kd

{(») The mola r extiunctinon coefficient to yr”sinc is
1.1 x 10 1/m“1e cm at 279nm and 0.28 x 1) 1/m le cm
at 290nam.

{c) Thz mniarx extinctin ciefficient »f trypt 0h "n 1S
c 2 x 10°1/m-le. cm at 27%nm and 4.3 x 10 31/mrle.cn
at 290nm.

{ii) In 2n experiment on a8 Cer tain enzyme and 1ts

inhibitor the follrwing informatisn was obtained:

(S) V-noinhibitor y-inhibitor
{mi) (}xmcle min " mg‘l) nresent )
(/*m \1e min~img™
3.0 2.2 x 10° 1.83 x 10°
5.0 3.20 x 10° 2.56 x 10°
7.0 3.86 x 10° 3.68 x 10°
9.0 4.36 x 10° 3.49 x 10°
11.0 4.75 x 10° 3.80 x 10°

(i) Draw the lineweaver - Burks Pluts

(1i) What are the Km and Vmax values cf the
(2) Uninhibiteld reaction and of the
(b) inhibited reaction
(¢) 1Is the inhibitor crmpetitive ©T

nonc moetitive?

END OF EXAMINATION
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TIME  : THREEHOURS
ANSWER : FIVE QUESTIONS
ALL QUESTIONS HAVE EQUAL MARKS

1. (a) What a-keto acids (structure and name) are formed from the
transamination reactions involving the following amino acids:
(1) Alanine
(i1) Aspartate
(ii1) Tyrosine

(b) Show how glutamate may be converted to an intermediate in
gluconeogenesis.

(¢) Show how serine can be made from 3-phosphoglycerate.

2. A once popular but controversial diet for losing weight rapidly is high
in protein and lipid but lacks carbohydrates almost entirely. Its
proponents claim that on this diet, you can eat as much protein and lipid
rich food as you wish but nevertheless lose weight. Patients on the diet
often complain of bad breath.

(a) Give a plausible metabolic explanation for why this diet is effective

(b) Discuss the claim that there is no limit to the amount of protein and
lipid you can eat and still lose weight.

3. Give a detailed account of the 3 oxidation of palmitic acid in animals.



4.

2

One of the drugs used for cancer chemotherapy is 6-mercaptopurine
(structure shown below) which must be converted to a nucleotide before
it can have any effect on the rate of purine synthesis.

SH

N/> N\
Ll

(a) What enzyme is used to convert 6-mercaptopurine to its nucleotide
and why?

(b) Why is 6-mercaptopurine administered instead of its nucleotide?

(c) Suggest three ways in which the nucleotide derived from 6-
mercaptopurine can inhibit de novo purine synthesis.

With reference to the lac operon, describe the mechanism of regulation
of gene activity in E. Coli.

E. Coli ribonuclease contains 104 amino acid residues. Assuming the
reaction begins with free amino acids, tRNAs, aminoacyl-tRNA
synthetase, GTP, ATP, ribosomes, and the factors required for protein
synthesis, how many high-energy phosphate bonds are used to translate
the mRNA of ribonuclease once? Explain your answer.

Somogyi-blood filtrates are prepared as follows: Blood, 0.1 ml is
combined with 3.5 ml water, 0.4 ml 0.5 M barium hydroxide, and 0.4
ml 5% zinc sulfate. Precipitated proteins are removed by
centrifugation.



3

Blood sugar is determined by mixing 2 ml of the Somogyi-blood filtrate
and 1.0 ml alkaline copper reagent. This is heated in a boiling water
bath for 20 min, then cooled , and 1.0 ml arsenomolybdate color
reagent added. The sample is diluted to 12.5 ml and the optical density
at 540 nm (OD540 nm) measured against a water blank.

(a) What part of the original 0.1 ml of blood is actually ué.ed in the
blood sugar measurement?

(b) A blood sample taken from patient A gave an OD540 nm of 0.30.
If a standard tube containing a known amount of glucose (0.1 ml of
a 0.05% glucose solution) also gave an optical density of 0.30, what
is the concentration of glucose in blood (mg/100 ml)?

(c) If you make a mistake in dispensing the alkaline copper reagent
(added 2 ml to all tubes instead of 1 ml), what effect would this have
on the final result?



(b)

(c)

(d)

[oo.
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UNIVERSITY EXAMINATIONS - NOVEMBER/DECEMBER 1994

C 320

PAPER I

THREE HOURS
ANY FOUR QUESTIONS

Complete the following table:

1 ~ 21
Aem] visec™ ] viem™ ']

. 1C¢
i. 2.0 x 10

5
ii. 2.0 x 10

Complete the following table:
[ 4.M. = 420, where there is needl

{ { -

‘ A & TS b{cm} | e{{/mol. cm} xLM]

{ | ]
i. 92 4765 3.8 x 100

i'r
s s ’ { 2
ii. | 0.167 1.0 L 2.5x 10

* :

! . i

i. Calculate the energy in kJ at 420 nm and 750 nm per
mole respectively.

ii. What are the wave numbers 2t 420 and 750 nm respectxvely’
[h = 6.62 x 107", N;= 6,02 % 183 , ¢ = 3.0 x 10° m/s]

A 1.28 » 10-*'M solution of potassium permanganate has a

transmitance 70% at 525 nm in 2.00 cm cell.

{M.M. KMnO, = 158.04]

i. What is the abscrbance and molar absorptivity of this
solution?

ii. If the concentration were dcubled, what would be
transmitance and absorbance respectively?

iii. What concentration would have a transmitance of 0.5 in
this cell?



s
8]
28

(e) The molar absorptivity of acetene (M.M. = 58) in hexane
solvent is 900 at 188 nm.
Calculite the maximum concentraticon (g/1) that could be used

in 2.0 cm cell, so that absorbance will not exceed 0.9.

(a) A 1.560 g steel sample is dissolved, and Mn in the sample
is oxidized to permanganate by periodate using Ag+ as a
catalyst. After the sample is diluted to 500 ml, the
absorbance is found to be 0.393 at 540 nm in a 2.00 cm cell.
The mnlar zbsorptivity for permanganate at 540 nm is 2025.
Calculate the percentage »f Mn in the steei sample.
iMn = 54.938 ]

(b) A 0.3C0 g sample containing Cu is dissolved, and a
diethyldithio-carbamate colored complex is formed in the
presence of EDTA. The sclution is then diluted to 50.0 ml
and the absorbance measured as 0.260. A £.800 g sample"
containing 0.240% Cu is treated in the same manner, and the
resulting solution has -an absorbance of 0.600.

Calculate the percentage of Cu in the sample. [Cu = 63.54]

(¢) Titanium and vanadium form colaored complexes with hydrogen
peroxide. Separate solutions containing 10.0 mg of these
metals were treated with perchloric acid and hydrogen
peroxide and diluted to 100 ml. A thixd solution was
prepared by dissolving 2.500 g of alloy (containing Ti
and V but not nther interfering metals) and treating in
the same manner as the standard sclutions. The absorbances
of the three snlutinns were measured at 410 and 460 nm in
2 cm cell.

Calculate ¢ V and % Ti in the alloy. ([Ti = 47.90, V = 50.9415}

i
SHiution ] A410 A460
; - -
Ti ; 0.760 1.513
v ; 9.185 0.250
Alloy ] 0.715 0.657



(a)

(a)

(L)
{c)

{(2)
()

(c)

(d)
(e)

3

L]
ao

Bilirubin in blnod serum absorbs strongly at 461 nm but not
At cell at 551 nm. On the <other hand, the absorbance due to
hemHglobin and sclution turbidity is about the same at both
wavelengths. Thus a simple method for determining bilirubin
igs based ~n the difference in absorbance at the two
wavelengths. A 20.7 microliter sample »f blond serum, diluted
t» 1.0 ml with sodium citrate buffer of pH 8.8, had
absorhances of 0.871 and 2.637 at 461 am and 551 nm
respectively. When 20.0 microliter of a Hilirubin standard
(50.0ug/ml) was treated similarly, the absorbance were
G.337 and 0.014 at 461 and 551 nm respectively.

Calculate the concentration f bilirubin in units of ug/ml

in the serum.

Explain principle »f IR - spectroscopy and Raman
spectroscopy respectively.

Wwhat type ~f bending vibrations @7 you know? Sketch them.
what are the Adifferences between scurces, monochromators,
celils and detectors in UV + VIS and IR spectrnscopy
respectively.

Explain different sample handling techniques in

IR - spectroscopy.

Calculate the wavenumber and wavelength of the fundamental
absorption peak due to stretching vibration of a € = N group.
(C =12, N =14, k = 1.5 x 10°N/m, C = 3.0 x 10°n/s,

N, = 6.02 x 10%7]
Explain principle of THNMR spectroscopy.

What are hasic differences between NMR and ESR spectroscopy
meth~ds?

Explain 13C NMR spectroscopy and their advantages comparing
to 'H NMR.

Explzin chemical shift and spin-spin splitting for lH NMR.
What are the advantages for using Fourier Transformation

technique in NMR - spectroscopy.
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{a2)
r)

{c)
{(Q)
{e)

(£)
{g)

{h)
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: 4 3

1 . . . .
H NMR spectrum of crganic compound are three signals with

the frequencies from TS 1387, 554 and 924 Hz.

i. Calculate their chemical shifts, if the spectrum were
measured with apparatus with v, = 80 MH=z.

ii. At which frequencies from TMS can we find the signals,
if we use apparatus with v, = 350 MHz?

. 1 . >
Write = "H NMR spectrum of compounds:

i.  CH,-CH,~CH ~CHj
I
c1

ll - CH 3 ~CH=CH~-CH 2 ~NO 2

Explain principle of emissin spectroscopy. ,
What are basic differences between emissinn spectroscopy and
atomic absorption spectroscopy respectively.

Describe type «f sources for emission spectruscopy amd AAS
respectively.

Explain Inductively Coupied Plasma source. Sketch 2 diagram.
Outline briefly iluorescence meth:d.

Explain standard additicn methcd for AAS.

A 2.00 ml sample of cow's milk was diluted to 50 ml and
analyzed for 2Zn, using AAS. The absorbance was 9.106. A
secnd 2.00 ml alignot was spike? with 12 ug »f Zn before
dilution to 59 ml. The absorh:ance was 9.245.

Calculnte Zn concentration in the milk as part per million.
[Z2n = 65.38 ]

Magnesium in hlood serum can e determined by AAS. A 2.00 ml
serum sample is diluted to 120 ml, and its absorbance is
0.125. A standard containing 2.7 x lu'sM Mdﬂ' gives an
absorbance nf $.187.

Calculate Mg concentrati~n in the blnod as milligram percent
{mg/100 ml). {Mg = 24.305]}

END OF EXAMINATION



. -

(£)

(23

(b)

THE UNIVERSITY OF ZAMBIA
UNIVERSITY EXAMINATIONS - NOVEMBER/DECEMBER 1994

C 329

PAPER Ii

THREE RGURS

_AMY FOQUR QUESTIONS oo e

Explain briefly potentismetric titration.

Explain asymmetry potential in ginss electrode.

Whnt is o junction potential?

Expizin acid error and alkaline crrer in glass clectrde.

What type ¢f indicater elactrides can yru use for:

(1) reutralizaticn potentisometric titrations

(11) =ncido-reductivn po tentlamatrlc titrations

(iii) procipitaticn potentiometric titratioms

(1) Estimate Egep from the s-lubility of KC1, which is

4.18 M 2t 25°C, neglecting activity cuocfficients
[E°gg = ¥0.268 V]

(ii) The actual value of ESCE is +0.242 V vs. NHE.
Crlculate the activity f chleride ion and its
activity coefficient.

A 108.0 m1 s lution containing 0.100 M NaCl was titrated

with 0.10 M AgNOz, and thc volitage of the cell waos

monicored.

Calculate the voltage after the addition of 65.0, 100.0

arxd 103.0 ml of AgNegx.

iEOA = +0.799 V, Kgp AgCl = 1.8 x 10

-10
1
Explain principle of coul meiric method.
soluticn crntzining 75.0 my of copper was electrs lyzed
~t a censtant current of 0.250 4, causing metalilc co.pper

t- depnsit on a platinum cath de.

What wzs the percemtage of copper remaining in the sciutic

after 1% min?
[Cu = 63,54}



r*‘

(¢} Copper in 2 bross sample was cetermined by coul metric

tityati-n with constant 35.0 m:. If 2 15.0 mp sample
regquires 470 scc, what is the % Cu in the sample?
{Ca = 53.54]

(¢) A 2.06 ml volume ~f sclutiom conéaining 0.6113 my wi

cyeiﬁhﬁxune/ml is to be titroted coulometricaly. 1f tha

~nlomoter is operated at 2 constant curront ~f 4,825 mu,

c
h-w much time will be reguired for compicte titratioan?

ZBx= ---- Bry * 2o

{F == 96,50C C]

(¢) 4 408.1 mg sample containing alu minium was dissolved and

treated with 25.0 ml1 of O_SZQQ M 8-hydroxyquinoliine.

The precipitated A1Q3 (Q = g-hydroxyquinslate) wos

remuved by filtratiom and discorded. The 8-hydroxyquinclate
remainine in the solution was € tyated with electrgencrated

by mince at a comstant current ©f 35.0 ma, requiring 131 scc.

¢t~ roach the cquivalence point.
Calculate the percentage of n1203 in the samplc.

M4,

03 = 101.97]

1 12

Reaction:




‘r »

(a3
(b)
(<)

()

(b)

(c)

txplein principle ~f DC-p-inrT ~rrphic method.

Explain capacitance (st chorcing) current in oo inrogronhy.

&

(i) Write the principle oL pulse apd diffoerentinl pulse

(i1) Vhy is c<ifferentinl pulse moYe sensitive thos

DC-pularography?

The <ru; Librium pives 2 poloroyaphic wave with s = -0, 265V
in §.08° K H2804. A 50.0 ml1 sample containing Lib;ium Tave

a wive height of 0.37 wia. Whoa 2.00 w1 of 3.00 mM Librium
in 0.05 K HZSQG was acted to the semple, the wa . heisht
incrensal to 0.80 w AL

fin~ the molarity «f Librium in the unknown.

The ~ifferential pulsc p o lar . [r0m f 3.00 mi ~f solutichm
.1 M oncoetote,

o)

c-ntoinin, the aontibiotic ety cycline in

¥ o= 4, rives s maximum curyent ~f 157 nA a2t a holi-wave

»\:‘

Stomtioel of -1.05 V.o When o .50 ml containing Z.D5 ppn

=]

f totrvacycline was adided, the current increased to 206 nAa.
Cnlculatc the parts per miliinm “f tetracycling iu tho

sricincl sclutiom.

dnnt is relative decrease ~f concentration of Zmz* i
percontaze after electrolysis om the mercury drop vlectroos
which lasi 3 min. Electr 1y rsitv is provided on the
p tentiznl of the 1imit diffusi-m currint. Suyrest the
current of tho elcctrulysis is comstant. In = 65.39]

{80 «rews fallen down fr.om capillicry after 4. § min.,

woeivht 0.450 g ~f mercury; lifiusiom ceufficient

D= 9.0 x 1ﬁ'6cm215; C = (.6 ni and V = 20 mli.

Explaiw partition crefficient, retenticn time an’
rolnti nship between them.

Explﬁin plate height and number ~f theoretical plate in
chr motographic column.

Describe officiency of chr-mats sraphic ¢ lumms.
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(=)

(b)

-.._.__....__-..—-..._—_.....__..__-.........._.—_--___n__...__—.-—

- 2 -

in = 1.0, cm wall coated ~pen tubular column ~f .25 mm
bore, the helium carrier 505 velocity is 37 om/sec.
The votention time tgs {1 decane is 1.27 ming puenk wilth
at hzlf height is (.88 scc.
Whnt is the retentin time for o monretained o mpouncd Liss
partiti-n ratio K, pumber ~f effoctive plates N, nnd plate
hoilvnt H :
(i) T4 the c-lumn 122 cm 1o, perated at 160°C, these
roerontion times (in minutcs) were chtained:
=ir peak £.99; heptomd 1.27: and octane 1.43. The
brse widths of the bands wewe .14 for hepoane mngd
.20 fur octane.
Whot are the relative rotention and the res latiin

f-r these bonds?

(i1} Bocause the separatim ~f neptzag and octams 1S less
uan the baselinc wilth ot the bands, how nuch shoulc
the column be lenathence from the sriginnl 222 cm

icngth?

Expliain Eddy diffusion, Loncitulinel Jiffusion sal dnss
transfor respectively.

Explain Peask areca Integraticn.

What ate the basic compoments ©f U2 -liqui? chromets raph?
Sketch taem,

Exploin ditectors for cas-liquil chrcmatographs.

~

Whut ~ro the basic components of HPLC. Sketch chom.

C-nsider o 50 cm columa with = plate heicht of 1.5 = That
srovides o theoretical sizte number of 333 ot a flowrste o1

- . ~1 .
3 ml omin Ty ‘J’_,l = 1.0 ml.
i

(1) What arce the soluto reteaticn time 2pd retomtion
v -iume when k' is 1,5 2mo 1
(i1} Whot is the hascline penk for cach ~f the foreooing

e - - e A e
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USEFUL INFORMATION AND PHYSICAL CONSTANTS

Mass of proton
Mass of neutron
Mass of 127y
53
Velocity of light

IJ

Tamu

Atomic

= 1.007838 amu
= 1.008665 amu

= 126.9004 amua
= 3,00 x 108 m/sec
= 6.25 x 1012 Mev

- 1.66 x 10 27kg

number:

25; Fe = 26; Co 27; Ir = T7

END OF EXaMINATION
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TIME: THREE HOURS
ANSHER: ANY FOUR QUESTIONS

1. (3}/ (i) Predict the major organic product and give
mechanism of the following reaction.

OCH = Na, NH3
(:f4;3 CﬁfiC)f¥<3f435

A

@

Amnisole

(11) Treatmeht of A with dilute hydrochloric acid
gives 3-cyclohexenone. Suggest a mechanism

for this transformation.

(b) Oon the basis of the information in 1 (a) above,
devise an efficient synthesis of compound B from
anisole and any other readily available materials.

OH
-~
/\)\/
JJ .

»}zf Propose a reasonable mechanism for'the following

transformation.




Z.

A biologically active compound X, Cy3Ho O, Ny, was

found to be insoluble in water and dilute sodium

hydroxide, but soluble in dilute hydrochloric acid. Upon
treatment of X with sodium nitrite and aqueous hydrochloric
acid and then with beta-naphthol, a highly coloured solid

C was formed.

When X was boiled with aqueous sodium hydroxide, it slowly
dissolved. The solution was allowed to cool, extracted
with ether, and the layers were separated.

Acidification of the aqueocus layer with concentrated HC1
gave a white solid D which redissolved on continued
addition of the acid. Upnn isolation, D was found to have
a melting point cf 185°C and molecular formula G H,Q, N.
I.R. and YHNMR spectrum of D indicated the presence of a

para disubstituted benzene.

Evaporation of the ether layer gave a liquid E, CgH 0N,
which dissnlved in water, and aquecus sclution of E turned
red litmus blue. E was found to be identical with the
compound formed by the action of diethylamine on ethylene
oxide.

(i) Deduce the structure of X from the above information.

Show your ressoning.

(ii) What is C? Give mechanisms of the reactions
involved in the formation of C from X.

(iii) Suggest a synthetic scheme for X starting from
benzene -r 2 mono-functionalised benzene and any
other veadily available reagents.

(a) Predict the products and give mechanisms cf the
following reacticns.

(i) Dimethyl sulfide 1. CHil

A%

2. n-Buli/THF

3. cyclopentanone



1. BrCH,COOCH;, A

N\
2. NaH -
3. Cyclochexancne, A

(ii) (CH;0)4P

(b) Provide a mechanistic rationale for each of the following

aobservations.

. l'T-i: Cgéf . /
(i) pent-3-en-2-cne -+ &l\/slmej — > W;"

2- H20

-

O 1-P53F>::/~— ‘ez

g 2-DCl [ D20 -

{:kmere D::.Deuiev&un]

-+
Ot her produ

(2) Show clearly how the following transformations may be achieved
in good yield.

(i) Phencl
(ii)

methyl 3-amino-4-hydroxybenzoate

N
e

NH
- _CH= oY 2
O — U

(b) When a trace of KNH, is added to a solution of chlorobenzene
and potassium triphenylmethide, (Cglj); CK, in liquid ammoniz,
a rapid reacticn takes place to yield a product F, C,gih, .

What is F? What is the role of KNH, and why is it needed?

(c) Predict the product and give mechanism of the following
reaction. (@)

0 :
[ ] ”J\\a

ANV —f
CE/(@/\ i >

CHaCOONE , &




5. (a) Allyl chloride, *CH,=CHCH,Cl, labeled with 14C.at the
position shown by the asterisk, *, was allowed to
react with the anion derived frcm 2-methyl-6-allylphenci
o form the curresponding ether G. Upon heating, G gave
a mixture of products P and Q which were found to contain

14C label in the allyl group at positicns shown;

IO

Suggest a mechanistic explanation for these experimental
results.

(b) 1Identify compounds R and § in the following reaction and
write mechanisms »f the reactions involved in the forma-

tisn of R from butanal.

1 ij »re RO )= >03H,

Fle
H
benzene ; A HCE c
E’;utama;@ > 5 HZO =

(¢) Treatment of ortho-chloreo-nitrobenzene with aqueous

sodium sulfite yields a compound T

coMmPouND T & @
- NO,

(i) Outline all steps in the most likely mechanism
of this reaction.

(ii) Could this reacti~n be used for preparation of
benzene-sulfonic acid from benzene? Justify your
answer.



6. Using the disconnecticn zpprnach devise an efficient
synthesis of THREE cf the following compcounds from

readily available starting materials 2and reagents. Show
ycur analysis.

(i)
(ii)
Giy 99
~ 4
(1v)

END OF EXAMINATION
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TIME: THREE HOURS

ANSWER: ANY FOUR QUESTIONS.

i. {a) A group of reactions known as 1,2-anionic
rearrangements involving movement of migrating

group to an néjzcent anionic atom include the:

(1 Steven’s rearrangement of guaternary ammonium
salts

(2) Wittig rearrangement of ethers and

(3) lieisenheimer rearrangement cf amine oxides.

Steven's Rearrangement

s -l
f=— - ) At

~ ' cpe ' - B N ™ :
S AR : — cEL s PO BTN - 4
N T S A LN
" - e 5 N/
N,N-Dimethylbenzylzmmonium 2,N,N -~ Trimethyl
Iodide benzylamine
. . ' ’ L (W
Wittig Rearrangement / ‘ - 11
CoH o ooy LA He L fER 2O ) o
¢ - V% 5 / ’{M / 7 T HL)
Benzyl methyl ether 1-phenyl-
ethanol

f2....
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Meisenheimer Rearrangement

"

N,N-Dimethyl benzylamine
oxide

£

N-Benzoxydinethyl
amine

The mechanisms of thess rearrangements has attracted

conciderable interest. A pathway involving heterolytic had

beon accepted for many voars.

a homolytic process involving free radical intermediztes.

The Steven's rearrangement.is illustrative.

the Meisenheimer rearrangements.

[3ece.

+ .
Sy ,\! ,/ .. “‘ 4_3 . 6:"-7 ’ . s o emet . B ‘!
. d;._f &Y -\,“S,Hj) J—— L i H__Q/\/[g e J
C‘\; . v el z‘

More recent evidence suggests

b .
, ,C/ + o o (o)
- /f/~-.,- _“-"'/-/——-/\/‘ {.;a”f / RV L)[vls, c o= <
T B .af e o G: B f/ T AT ".,/'
{4' > ~ | ~ 4 Y, o T e FT— IV
’ Y, PilepDOH E° !
T H ol o
VO Lo
f4fJ /N gl
i \1/ <}
| 15 T i
O qg= e P i
Y ynli £ =LHe /\//'/"14 [ = Ao N
H’L'—“ CH-N t-{s - ~ ¥ o ’/_; \'g‘
G I N T 2 C
ey H ‘ /‘«‘;’;‘ /7 ;,-—
2L
(1) Why is it proper to depict the radical-pzair
intermediate of the proposed Steven's rearrangement
mechanism by two resconance structures?
{ii) Propose free radical mechanisms for the Witti and
g
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(b) Show how each of the following conversations could be

accomplished by using a2 sequence involving 2

rearrangement reaction.

() Draw Fischer projection of the structures below of
3-bromo-2-butancl and then deduce which is erythro-anc

which is threo.. j
£
<l H—x.

~

ld.....
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'

Listed below =2re several pairs of molz-cules
Pick from the following

—n
[ag
N

(molecular conifocrm-:tions).
list the word thut best describes each pair :
enantiomers, diastereomers, conformational isomers,

OR identical.
Which of the structures are capable of showing optical

activity?

£ ‘gf ‘ “
’ I
. ;\,»/ e,
/- e
/(' // ’ e
!
(i) gy ¢ /04l CHiriil L
Hijire o \
// - - / g
LA X Lt
& <o H £ 0
17 - ;
3
e ’ H
-~ {
N -~ /4.
‘\ / \ ~ {. \ ’
wr f o e
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Optically active threc— 2nd ervthro - 3-phenyvl--2-butyl
tosvliate were each allowed to solvolvze in acetic acid
until about 60 percent h=2d been converted to products.
Chemically unchanged starting material was then recoverec
and it was found that threo - tosylate was 94 per cent

racemized by erythro - tosylate was optically pure.

Show how these results support the phencnium ion

intermediate.

() Given the Newman projection:
LA

e : ) .
AN

i

H
v

Is this structure R or S? Determine whether
each of the following structural symbcl is eguivalent

to the above Newvman projection or to its enantiomer.

e

- CH
Lo P2
i . { ~
F . ! f ¥ !
~ ~" " ‘ '
| - N ' { '
A l Wi i
2 r |
i _ y
. 298

(c)

i
N /

/6....
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4. (b} Propose a plausible mechanism for the Amadori
rearrangement.
G N

VDS 5 "\. f"-,J I_',' / kW
_" / Lo "‘v ;-

hem.

5. {2) The structure of an alkalcid I was confirmed by the

focllowing synthesics.

. b NDL Y
3.4 - dimethoxy -~ benzaldehyde = _4 h~) #r’
T D L A
il e — N
.l ;_‘::‘) . [ % i
N i Ny K
7N B .
Y, - L N ; [ oS g
., . I ji P A (. . R PN
ﬂ\;c,w’ }11';’ < = - £4“ o kP
AT Lot i NI
D s
[
- . 3
[« S /"J/ s ."—.
A . ad £ PR : / f - .
G A A B L VA N
AN S sy

(i) —Identify c-mpounds P to I in the above synthesis.
(ii) Give mechanisms ©f the reaction involved in the

formation <f $ from R.

5. {b) (i) Show all steps in the Skraup synthesis of
7 - chloro - guincline.
{ii) How would you obtain 4-amino-7-chlcro quino-
line from 7-chlorc quincline?

/! Teeecue.
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6. (2) {i) Pyridine N-cxide reacts with benzyl bromide
to give N - benzyloxypyridinium bronmide.
Treatment of this salt with a strong base
such as sodium hyridine. Rationalize these
experimentél results with a reasonable

mechanism.

{ii) Predict the majcr products of the following

reactions.
SRR P
(a) 0 - aminobenzcic acid .__H:ﬁ"._xm—wnwv
" Vit g2 KK
= SOHL -
(8) |~ \.;:/ S ETON,
"\ i <, .
NS o
o \ \
! . // Mot i /
— s > P A
- 4\;_// = /'L&
LS
(b) Suggest a mechanistic explanation for each of the
following reactions.
i) /-1 i \ Ayl
(l) /‘) 7 {f/\ (/ ) ‘4'/ { ,, _)."\ N .
///.' N .7 é "’(:.:\;)uno -2rhe plon-
Ho s S ‘ ey :
S I e
':( . v ) /.—-—— e e, [v/; R /: /LJ"{%
ii N ET ML By [T ~
£ N e Ly [Ty \\ +//\x
N .. ~ / \\ .
»':'l{ " - v /v 4 \//
G M g .
i-! B -

END OF EXAMINATION
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10N 3.

Dafine the lerms

(i) ®ean free bath

{(iiY Collision freguency

One moie of aydrogen gas is contined in @ compariment at a pressure

(i) Caicuinte the mean free path of the Hydrogen molecules
(ii) it tne confined gas s allowed to effuse into an evacuated

compariment ihrough 8 pinhoie of ciameter 107%m, how long wilil

the efrusion iake.
TiION 2.

The Maxweil-Roltzmann cistribution eqguation is given as follows
Fiodde = (oR /M) = Axlm/RpgT) /s griwe/ 2 tocide

L4
Derive the expression c* = (2kT/m}'/* for ihe most probable velocitly

of the molacuies. All the terms have iheir ususl meaning.

(i) what is a thermodynemic iscthermal reversipie procecs,
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AISHER: AWY TFOUR QUESTIONS

v ~T -1
Gas Constant R = 8.314 JK “mol
.. ~I
Faraday Comstamwt = 96485 C mol

. | 2 _
Avogadrols number = 6,02 ¥ I0 = mol
' 34 Js
Plan ck's Comstamt = 6.$2 x I0 '

8
Speed of Iight = 3x I0 ms
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Define adsorpiiom amd state two of its imdustrial applicafiomsQ
Bxplaim the meanimg of Physieal adsorption amd chemisorptiom.
This question is based on am experimemt from lahoratory mamuals
Into thrce comical flasks werc placed I00 mls, 60 mls and 20 mls
of 0.25 1 oxalicfaoiéQ Digtillced water was added in two flasks to
make wp the woluwnc to I00 %15. 2 grams o charcoal (2@sorbate)
was added to cach flask amd thce three sholiem for two hourse
Back of the mixtures worce them filtcred and S.OO mls samplces

titrated with 0.09T I o OHe The following wore the rosulte.

FLASK I00 wlsg 60 mls 20 mlg

VYolune of . .
0.09T 1i TaOH 25.T0 mlg I5.00 mlg 4.80 mlg
uscde .

(i) Calculate the finel comecentration of cach solution CS im
mol dm e

(i) Czleulate the weight of Oxnlic acid adsorbed per gram of
choreoaly and the molcs of adsorbatc per Kg of adsorhent
w/m.

Giwven thot the data im (c) conforms to Frcundlich isothorm

figce  x/m =K Oi/n Usc the 60 mls and 20 mls deto

to caleuletc vrlues of K and me ( & graph plot is not

rcquircd)
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(w)

— 3 —
Give the Colligion thcory and Activated Complex theory of
rcaction ratcse
Why arc the rcactions of higher owders not probablc?
Whot arc tho cheractoristics of a Catalyst? Discuss tho
different theories of Catalysise
Define and eoxplain ;Ond‘er of I"oac'hiiom?; How docs It
diffcr from ‘liolccwlerity??
Whnt arc the diffceromt mothods for the fetormination of
the tOrder of_reacfion‘? Explaim onc of these $m dctaile
Discuss the kincties of the Opposing rcactions whon both

rorctions arc of the first ordcre.

How con yow cvaluntc the Emergy of setivation of a rcaction

by the knowledge of the ratc construts at two diffcrcent
temperaturces?

Whot ~rc the chrractcristics of Chnim reactioma?

Diseuss the kimctics of the Choim roactiom betweon Hydrogon

ond Bremime amd dcrive the ratc cqutbiom

' /2
T B . Bx
P ; <P, . 2 I‘2

+ EBri/iBr,
kb 'Emr~/_.T3-

vicre k ond k% arc constantse



(c)
(a)

-4 -
Whot is the diffoercaecc Betweeom o Thermal or Dorl resction
and o Photochomical,roaotionﬁ

Im the photobromimation of Cimmamic acid Ho dibromocimnenic

roid, using blwe Iight of 43548 ma =t 30,616, » light intomsity

-3 3

. -I .
of Le¢4 x IO o produccd o decrcasce of 0075 millinolc of

Br2 durinmg am cxposurc of IEL0S ge The solutiom ohsorbed 80.F Y%
of the light pacsing through ite. Calculetc the Quomtwn yicld.
Stetc Einsteinds Law of photochomieal oquivalonco; How do youw
cccount for the doviatiions from this lew?

Digeouss the kimcties of the plhotochcnical roac%ion“b@ﬁwcon
Hydrogenm amd Chlorince

What are Photoscmsitizcd rcactioms? Explain by givimg sudd~ble
cxamplcs;

Ixpleiz the phcmomcenon of Lunincsconccs

Giwve the mochonism of Thotolysis ef fmoeonde.
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TIME :  THREE HOURS
ANSWER : FIVE QUESTIONS
ALL QUESTIONS HAVE EQUAL MARKS

1. Write short notes on each of the following and give specific examples for each
term:

(a) Voltage gated channels
(b) Signal transduction

(c) Acetylcholine receptor
(d) Amphiphile

(e) Symport

2. Discuss the physico-chemical factors which influence the growth of
microorganisms.
3. Upon binding of a hormone to a receptor, most membrane associated

hormone receptors generate a diffusible signal (second messenger). Given
below is the structure of the hormone epinephrine.

HO,
+
HO ClH —CH, — I\IIH2
OH CH;

(a) What is the most likely starting compound in epinephrine biosynthesis?



‘(b) How does the binding of epinephrine to the B-adrenergic receptor
regulate glycogen metabolism?

Outline the biosynthesis of the aromatic ring (Shikimic acid pathway) in
plants. Show the structures and the names of all the intermediates.

Discuss the events leading to the contraction of a striated muscle (begin with
events following the arrival of a signal on the membrane around the
myofibril).

(a) Briefly outline the principles behind sodium dodecyl sulfate gel
electrophoresis (SDS-PAGE). What is the use of $-mercaptoethanol in
this technique? '

(b) An enzyme has been extensively purified. By a variety of criteria, it is
thought to be pure - that is, it shows a single peak when chromatographed,
electrophoresed or centrifuged in a variety of ways. When subjected to
SDS-PAGE, two bands result, one twice the area of the other. What
information does this give about the protein?

The Kp (dissociation constant) for a particular neurotransmitter is 5 x 10-7M.

(a) Calculate the fraction of occupied receptor sites (relative to unoccupied
sites) when the neurotransmitter concentration is 10-9M.

(b) How many (% of the total) receptor sites are occupied at a
neurotransmitter concentration of 10-9M?

(c) If the neurotransmitter concentration rose to 5 x 10-8M, how many (% of
the total) receptor sites are now occupied?

(d) Graph 1 was obtained by a student studying the binding of a
neurotransmitter to a receptor (Bound = concentration of neurotransmitter
bound to receptors, Free = concentration of unbound neurotransmitter).
Explain why this plot can not yield a correct Kp value?



S 3
(e) Graph 2 shows the scatchard plots for two different neurotransmitter (A

and B).” Which neurotransmitter has the higher affinity for its receptor?
Explain your answer.

Graph1 Graph 2
2 B
3 o
@ g EA
Free Free

Have a Merry Christmas and a Prosperous New Year
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TIME :  THREE HOURS
ANSWER : FOUR QUESTIONS
ALL QUESTIONS HAVE EQUAL MARKS

1. (a) With reference to the lac operon, briefly describe gene regulation in
prokaryotes. '

(b) When lactose is used as an inducer, there is a lag before enzymes of the
lactose operon are synthesized. With IPTG as the inducer, there is no
lag. Explain this observation.

(c) Since a permease required for entry of lactose into E. Coli is itself a
product of the operon, how can the first lactose molecule enter uninduced
cells? Explain.

2. (a) Outline the similarities and differences between enzymes and
antibodies.

(b) What role is played by the complement in the fight against
infection?

3. What forces are responsible for the interaction between a drug and a
component of the body ( or invading organism) resulting in the observed
pharmacological effects.

4. (a) In experiments to investigate the mechanism of transport of two
substances, X and Y, across cell membranes, cells were incubated in media
containing various concentrations of X and Y and the initial rate of
transport of each of the substances into the cell was determined. The



results obtained are depicted in the figure below. What conclusion is
suggested by the results? Explain your reasoning.

X

Initial welocity
of transport

Concentration

(b) In resting frog sartorius muscle, the concentration of K+ inside the cell is
2.5 mM and that outside is 125 mM. Calculate the membrane potential
that would exist in the resting muscle if the membrane were permeable
only to K+.

(a) Describe the underlying principle in the new gel sequencing methods for
polynucleotides.

(b) An autoradiogram of a gel containing four lanes of DNA fragments
produced by chemical cleavage is shown in the figure below. The DNA is
labelled at its 5' end. What is its sequence?




(c) You have just isolated a DNA fragment from your pet bacterium. You
suspect the fragment contains a promoter region. How can you prove that
the sequence functions as a promoter?

Glutamine synthetase in bacteria is regulated at two levels; enzyme level and
transcription level. Describe in detail how glutamine synthetase is regulated
EITHER at enzyme level OR at transcription level. (Your answer should only
deal with one aspect and not both).
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ANSWER ANY FCUR QUESTIONS ~

2+

1. (8) Outline the determination of Mo 28 an activator

by an cazymotic method.

(b) In the Xjeldzhl method for the determinztion of
nitrogen in serum the sample is treated with
concentratud H2504 in the prescnce oi & catalyst
to converte mitrogen to NH4+ {(digestion). The
solution is mede styongly alkaline, where uron the

which is then distilled

3
into o Known excess of o standard acid solution.

NH,+ jon is converted to NH

The excess of unrezacted acid is titrated with s
standard bas¢ sclution. From the following data,

calculate the percent nitrogen in the serum (W ).

i0.00m1 scrum sample, 50ml of 0.1800K HCL, Z22.36ml
of 0.1064M NacH.

{c)} Due tu o 1large number of samples in hespitals and
the need to furnish results as quickly as poessibic
tor such samples, Skeggs in conjuncticn with a
company calicd Techaicur developed the Auto-analyser
in 1957. This instrument uses air scgmentation.
Show with aid of a sketch how it works.,

2. (= Show how 1imit of detecticn may be defined.

(b} State the¢ advantages ¢f using instrumental methods
of analysis over classical methods.

(c) Why arc calibrations used te gvaluate the results
cf instrumental methoeds? .
3. (2) Describe the Criess Ivsovay method for the determinatiom
of NOZ in the atmosphere. What modificaticons did

Salizamenn moke to the procedurc?



{b) The determinaticn of SOZ in the air & the UNZA
librory was pericrmed as fo11-ws: The air was
bubbled ni a2 rate «f Z61/mim thrcugh a trap
containing HZGE‘ The HZSOﬁ nroduced in 30 min

(80,+H,0,—; 20T+ S0,2- ) was titrated with 5.62ml

>€ 0,01000M HacH sciuticn. Calculzte the

conceatration of SOZ\in th¢ 2ir in ppm given that

the demsity of S0, 1s Z.86mgfwml.,

(a) Routine analysis of water for domestic purposes 1S
very imprrient to avoid unmecessaryy diseases that
erise due to supply of dirty water. Define the
foliowing and what is the significance «f each in

water analysis?

(i) Bi.chemical Oxygen Demand (BCOD)
(i1} Chemical Oxygen Demand {(COD)

{b) Sulphatc in z water sample was determined by &
turbidimetric mothod as follows:

v

Standards were treated with 5ml +f conditioning
reagent (2 mixture of 75g Nacl in %00ml water,
30ml of concentrated Hel, 100ml ~% 95% pripan-2-ol
and 50mi of glycersl). 06.5g >f barium chloride
crystals werc added and made up to 1080ml with

water.

The folicwing turbidity values on an NTU

turpidimetric were obtained. *
Cone of Sulphate Turbidity
mg/ml o
Blank  -===-e--meceeeemem e 02
5X1073  cmm e 20
1%1072%  cm e cemmemiieao 40
2x107% e 79
3x1@_2 ————————————————————————— 105

A Sml wnter s=zmple from Kafue water works was treated
iike the stamndards and made up t.. 166mli. This gave

2 turbidity value «f 75. Calculnie the percent {(W/V)
of sulphate in the water samplc.



(a)

(b}

(c)

(d)

(2)

(b)

{(c)

(d)

in flame spectrophotometry, wiaat is the difference

between cmission and absorption spectrometry?

In icod @#nalysis, two methods are used for preparing
sample for metallic contaminants cstimation, bricfly
describe them. What precautions nced to be taken

during the sample preparation.

Threc typces of substances are allowed in Zambia
Regulations to be used as prescrvatives in fatty
foods. Nome them and describe how you would

determine them in such foods.

The width of certain penk {measured in time units)
is 50 sec. and re¢tention time is 50 min. How
many theorctical pl-ates does the column contain

under those conditions?

What are pesticides and can you nzme 3 of such

compounds.

Name the 3 stages one takes in analysing the

pesticides in samplics.

Certain types of pesticides are such 2 problem in
dairy products, what are they and how would you

determine them using gas chromatography?

What 1s the main difference between flame ionization
detector (FID) and flame photomctric detector (FPD)?
How would you use this difference to differontiate

pesticides?

Some pesticides camnot be easily be determined by
use of gas chromatography, but can ¢asily be done
by using high performance liquid chromatography
why 1is this so? Can you give onc example to

iliustrate this.

END GF EXAMINATION



THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - NOVEMBER/DECEMBER, 1994

TIME:

€420
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PAPER 2

THREE HOURS

INSTRUCTIONS: THIS EXAMINATION CONTAINS FIVE QUESTIONS

ANSWER FOUR QUESTIONS. EACH QUESTION
CARRIES TWENTY MARKS.

(a)

(b)

(c)

(a)

Potassium chromate in basic solution exhibits an
absorption maxima at 372nm. A basic solution

SM potassium chromzte transmits

containing 3.00x10°
71.6% of the incident radiation at 372nm when placed

in a lcm cell.
(i) What is the absorbance of this solution?

(ii) What is the molar absorptivity of potassium
chromate at 372Znm?

(iii) Compound X . exhibits molar absorpitivity
of 2.45x103 liter/mole-cm at 450nm. What
concentration of X in a solution which will
cause a 25% decrease in radiant power for
450nm radiation when the solution is placed
in 2 icm cell?

The retention timcs of several compounds, measured
from sample injection, are air, 45sec; propane,
1.5 min; pentane, 2.35 min; acctone, 2.45 min;
xylene, 15.0 min. What are the relative retention
times of the organic compounds using pentane as
the standard?

What is the Bronsted-Lowry acid-base theery and what

is conjugate acid or base?

What are Dolc and Daviddow procedures for screening

drugs and how do they differ?



(e)

(a)

(b)

(c)

(¢)

(e)

(a)

(b)

Define the following terms used in chromatography
by giving an equation, labelied diagram or
description:

{i) Resolution
(ii) Retention timc
(i11) Staticnnry Phase
(iv) Theoretical Plate and

(v) Kovats index

Describe briefiy how you carry out a mnon-equeous
titration highlighting the differences in dealing
with basic and acidic compounds? Why is it
necessary to carry out titrations in this

environment?

Write ionisation reaction of amiline, C6H5NH2 in
glacial acetic acid and identify the conjugate acid
on aniline. Write the iomnization reaction of phenol,
C6H50H in etaylenediamine, NHZCHZCHZNH2 and identify
conjugate base for phenol.

Explain why phenol can be titrated successfully in
ethylenediamine than in water and pyridine cam be

titrated in dioxane but not in water.

Name any threc classes of drugs of abuse and their
effects to uscrs. Mention 3 methods used to identify

such Jrugs.

Relative rcetentions of codeine heroin, methadone,
morphine, and propoxyphene are 1.00, 1.89. 0.55,

1.16 and 5.9 respectively and ‘R is 6.00 min for

codeine on 2 2% SE-30 column at 2i5C. Calculate

retention times for the other compounds.

Briefly describe 3 dctectors used in HPLC their
principics of operation.

What are the basic differences betwecn detergents
and soap. Outline how the quality of these products

can be cvaluated.



(c)

(¢)

(2)

(b)

(c)

The phosphorus conteant was determined by the
gravimetric quinolinium phosphomoliybduie method.

If 3.114g of quinclimium phosphomelybdate, {C9H7)3PM012
0409 were obtained from 2 1.00z sample. Find the
%PZOS in the sample. Use: P=30.57, 0=16.0C,

N=14.01 ¥o0=95.94.

WET DEGESTION {or wet ashing) is an important means
of decomposini organic matter. Name 3 common

rezgents usel in wet digestion,

Name Z water-soluble vitamins found in food and
describe bricfly how they can be determined in

fruits or vogetables.

A serics of mothyl cesters of fatty acids were
chromatographed Time (in min) at pesk maximum for
known saturztcd esters were C12=2.6S, C14=4.6
C20=27.0, On
conditions, penks were observed at 2.55, 8.3, 15.2

sample, run under identic:l

[t}

26.9, and 48 min. Which esters were present in the

sample.

Calculate the irom content in a diethyldithiocarbamate

extract using the following data:

Absorbance Units

Blank Sample iron added
Mg/ 200ml
0.0020 6.0090 Nomne
0.0214 0.0284 2.00
0.06414 0.0484 4.00
0.0607 06.0677 6.00

A sample of mineral ash gave a2 meter reading of 37.
Solutions B and C containing the same quantity of
unknown sclution plius 40 znd 83 Mj/ml of added
potassium, respectively, gave net meter readings
of 65 and 93, Calculate the quantity of unknown

potassium in the original samplc.



(d)

{a)

(b)

{c)

(d)

(a)

(®)
(c)

The determination of chromate in an ore sample gave
the followin, results: 26.53%, 2&.47%, Z8.72%,
28.38% and 2Z8.64%. Calculate

(1) The mean
(11} The average deviation, and

(i1i)} The stzndard deviation.

How would you identify nitrogen, sulfur and halogens

in organic compounds?

Calculate the saponification mumber of fat. The
weight of sample was 3.55g, 56.0 m1 of 5 mol/1
¢thanolic solution of patassium hydroxide was added
to the sample. The sample was boiled under reflux,
cooled and the excess of potassium hydroxide
determined., Using 0.5 mol/1 HCL. wusing
phonophthalein as indicator. For the color change

33.2 ml of 0.5 mei/1 HC1 was required.

How would you Jetermine fat-soluble vitamins in

foods?

Name three methods of determining “crude fat" in

foods.

Name 3 procedures usec to preparc sample of rocks
for analysis giving dJdetermination of copper as an

example,

A 16.42my; sample of a nitrogen-containing orranic
compoun: was subjected to a tracditional anzlysis.
Before ammoniz wzs steam-distilled. 20.0ml of
0.20N HC1 was placed in the receiver., After
distillation, 8.4ml1 cf 0.020N NSOH was required to
back-titrate the excess acid., Calculate % nitrugen
in the sample.

-

How would you identify a non-scap detergent?

What are the major steps in the atomization of an
analyte using clectrothemal furnace. Explain the
vhysical and chemical processes that cccur in each

step.



Discuss vine classical methed for the determinntion
of sulfur dicxide (502 ) in food.,

What substances are determined in olccohoelic Jrinks
and outline how you would determine methaacl in

wine.

END OF EXAMINATION



Y
LY.

B HOURS

FOUR (4) QUESTIONS

(i1 UBHE SOOKLETYS FOR BACH qUERTION

il

ons. llsing groun theory considaralions seturpine whether 1t

nguign the two isomsrzs by iR or RAMAN

i
soule

T opossibio To OBt

sDecirg

d.olEd. pound cvolic

are eoulwvalent

iashion, determine

onbuarved for

s

ent v uni

in) Dedace numbhoay of 4O

vibrational modes of the unit

ha Raman aciive.

g
e
L
o
-
\.J

eXoe



3. (@), timscify the Tuollowing sol

somi-—con

MoO., , Cad , Tie , Cu.CG , TiGs, Mg

(h}. How iz polyaceiyiens, a0

T

)
npv the Ziegler - Natis

semi

Akas when Jdopped Wit

15

5 omazor rois

fnls
ey
i

petroloum indusiry

tures do Lthey »

T
o
-

LA ewamoio

the serective nature nf

1 s oheerved at

fromEechAanLsn

of Mr isotops = DO

of G (PhCOCHCOCY 50 -,

. PR v I et (e
TG AT vy ow 12 Lrik

G"\-C\ "‘( Eu (‘?\'\ C.Q(\V\C‘(} ('Fz)g ‘



& polvaedron wilth ns4 vertex if

tat Wi v origt iy about

5omsy

e

e? What antidois

um in the Doy

trying to remove Lead(Pp)

e aad romoved?

HEXN K




THE UNIVERSITY OF ZAMBIA
UNIVERSITY EXAMINATIONS - NOVEMBER/DECEMBER 1994
€ 450
ORGANIC CHEMISTRY
PAPER 1

TIME: THREE HOURS
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1. {(a) Treatment of an alkal~id A with 5% aquecus
hydrochlioric acid yielded a compound B.  Propose

2 plausible mechanism for this transformation.

57
L KJ

V) |

Ty TN N \/\L) _1
Iy l
o ok I
Hae 07 \T’fl' “3 \(/ TOH

/j
(.,» 5 5

(b} (i) Deduce the structure of alkalcid E from the
fo11lwing synthesis.

o MeO,
/-—-</ Meo-@_\} Lo c &N HCE -
S dvy ether 7 N
CH= () Hy O 5
Fi
. HyC=CH-C —CH3 s E

CHoCN , A4

(i1) Give mechanisms of the reactions involver in the
formation »f E from D.



3.

X3
N
(%]

(2) Suggest a reaction mechanism to account for the observe!l

sterenchemistry of the product of the frllowing reaction:

AR = <:Cf

)

(b) Compound {i) is considerably less siable than its
aromatic iscmer, toluenc. Using Woodward-Hofmann

rules cxplein why (I) does aot readily isomerise to

(1) =

(¢) Predict the product(s), including pertinent

tolu«ne.

stereochemistry, of the following pericyclic reaction
sequence.

AN
A (m) —Ss(m)
Oz
(2) Attempted preparatiocn of G from F using excess

henzoyl chleride and 20% aqueous solium hydroxide

unexpectelly gave 2 compoun<d H.

cH3 S}
‘ %
N
TN
)= . o
=~
COMPGUND F : R=H H

COMPOUND G 1 R = —C—CgHg

Question 3(2) continucd on page 3



LR
Lo
. d

.(a) The experiment was repeanted but the Teaction was quenched
before completion. Analysis of the reaction mixture
revealed the presence »f benzaldehyds and other products
including H. Suggest 2 mechanistic explanation £r the
formatiom »f unexpected product H comsistent with the

experimental results.

(b) Labelling experiments have shown that the compound
F, in question 3{2) 2bove, is derived from the amino —

,NCH,CH,,CH

acid ormithine, Hl 2

ZCH——COOHg and acetoacetyl —
{ ‘
hHZ

- coenzyme A.

On this bzsis propose a reascnable bingenetic
pathway for F.

. (2) Devisc an efficient synthetic plan for compeund 1 from

D-glucnse and any ~ther readily available reagents.

HiC N0~ T ok

H O~ ‘“‘\L‘/OH



: 4 :

(b) Acid hydrolysis of a bic-active nolysaccharide,; X,
isolatel from a micr -organism, Type 111 poeumcoccus,

>

jelds equim-lar amounts ~f D-galactose and
y L3

"D-galacturcnic acid. Exhaustive methylation o X,
f~1lowed by acid hydrolysis, gives equimslar amounts

<f 2,3,6-tri-O-methyl-D-galactose and 2,4-d1-0O-methyl-
~D-galacturonic acid, Suggest 2 likely structure of

nolysaccharide X,

(<) Deduce the structure ~f 2 naturally ~ccuring
cmpound O from the following synthesis. Show

the structures ~f intermediates J to N,

benzaldehyde ~ J 4§l>***bﬁ2C1 N

D-zlucnse - —— 3
’ ZnCI? 4 Pyridine ‘=
HgC <{0)-502.C
X ._2quecus HCL 3¢ @ 30‘?(23 M
B 4T Pyridine 4
M CH7OH N N (i) LiAlH /dry ether 0
CH,ONa 7T >
(1i)  H,0

{a) The coefficients of first four crbitals nf {fulvene, 1 /

» are given belniw

ORBITAL COEFFICIENTS
C-1 C-2 % c-3 C-4 C-5 £-6
¥i 0.43 | 0.39 0.39 0.43| 0.52| 0.25
vZ 0] 0.50] 0.50 01—0.50{-0.590
¥3 g.69 | 0.37 ~0;37 —-0.60 0 0
¥4 ~0.35/C.28 0.28 »0.35-O.19£ 0.75 I

(i) Identify the HOMO and the LUMO of fulvene.
(ii) Stating your reasmming, predict the pr@ducts)
including poertinent sterecchemistry of the

reaction ¢f fulvene with
(A) Butadienc {B) Et00C-{=C—CO0EL



4]
(X

{b} Usin> the disc.mrection approach, deyire 2 synthesis
5f the alkalsid P from rendily available
non-heterncyclic starting materials and any ~ther

aerded reagents. Show your analysis..

|

R

O ~
S
(i) Interpret the following data »n a natural product Z,
C13H18O7’ and hence deduce its structurc. Show your
reascning.

3

Z is hydrolysed by emulsin to D-zlucose and 2 comprund
Q. C7H802. 7 does not react with amm-nical silver (i) —

— nitrate solution. Oxidation f Z by dilute nitric acid
yields =2 cgmgcund R that can be hydrnlysed to

6°2°

D-zlucose and a compound S, C7H 0 by dilute
hydrochloric acid. Exhaustive methylation of

Z 1ves
2 pentamethyl derivative ~f Z, which on acidic
hydralysis gives 2,3,4,6-tetra-O-methyl-D-glucusc and
a compound ¥ H e

cempound T, C8 1002

~———

COMPOUND S

I.R. (Mujs1): o (em™1): 3208 (broad); 2850 (W);
2750 (W); 1684 (S); 1600 (M); 1585 (M);
1475 (M); 1250; 1000; 760

NOTE: S = strong; W o= weak; M = mediunm

1y NMR (CDC13) »f COMPOUND S

S(ppmy: 11.1 (s, 1H); 9.8 (s, 1il); 7.4-7.1

{comnlex m, 4H).

NOTE: (i) s = singlet, ¢ = doubletr; t = triplet;

m = multiplet.



(i1) The NMR signal at §: 11.3i disappeared

after deuteiration.

COMPOUND Z

ly wMr (D,0)

§ (ppm): 7.4-7.1 (complex m, 4H);
5.48 (1, 14, J = 8.5 Hz); »lus -ther
signals in the 6§ range »f 4.8 - 3.6

integrating for § protons.

{(ii) OQutline 2 stepwisc synthesis =f Z from
D-:lucose and cther realily availazble materials.

dm v i = i e . am e - . . wm e i wn M G ke e A e e e e e e A e e mw Y e e e e G me e e n e e e e e e wm e e e e e e e S e e

END OF EXAMINATIOR



7 e >

THE UNIVERSITY OF ZAMBIA

ONIVERSITY EXAMINATIONS - WOVEMBER/LECEMBER, 1994

- C 450

ORGANIC CHEMISTRY

PAPER 11

TIME: THREE HOURS

ANSWER: ANY FHREE QUESTIONS
— FeOR

1. Provide mlzusible mechonisms £or the £~11owins reactisns-

’ - - C()(CO)g ' J
() NN\ + G C00NMe N /\/\/\CCchmwe
~ 150, 16 Hrs (gp |

(i) W OR 4 (PPhy)RACE ———> CHa-CH=CH-OR

(2) Give the procducts and mechanism ~f the £ollowing

£
.

reacti-n:*

a) Zn Cu ,THF . A

P e
£) Ce(iv) R Fe (i)

Fe (Co)s Ha0 5 Me 5 CO 5 KT,
>0 )'\-1.’1'>ut€_‘3

H) A>ply the 18 electron rule tn the f-llowing
combination »f metals and ligands t- predict poissible

complex metai-ligand stoichiometries.

(i) Fe, Cn, NO
(ii) €O, Fe, m



(c)

[V
.

Suggest a reasonable mechanism for the following veaction:

=" &) NaCH 1
C) Cy(C= |
Ce(!\/)

(a) Propose a mechanism and identify the products of

the following reactions.

(1)
% N I C g
(CO) M !sjlﬂ< Dy n.o 5
. —_—
7o 40° —
(14}
OCH3 a) Bulc
CO) o Crr = ‘
<‘ Je = SCHz b Tg;’\

CH3) -
(€H3) 30

(7;1‘) M QCO)_S, -+ CH_S Mﬂ<CO)5

N



¥

4. (a) Suggest a method of preparing the following compound

using known orgasnometallic and cther reagents -

{ H CH H 0] CH
A I |

(CO), Cr=¢C CH H\\ //,c\\ //CH
/ \\\%;// iH N \\coz CH,
, H

0 CH,

m:z//

(b} The reaction beiween the chromium carhene complex
E below and cyclouexylamine to afford the amine
carbene complex
P J
(i) In hexane exhibits first order kinetics in the
carbene complex and third order kinetics in
the anmine.
(ii) In dioxane, is first order in the czarbene

complex and second order in the aming.,

ecH; NHC
o a IT. r =
(CO), Cr=C v C By, N, > (€0) (Cr g
CHy | CH,
£ £

Suggest a mechanistic explanation for the above
experimental results.

5. (a) Briefly state how soil samples can be tested Ior the
presence of antibiotic producing micTrocrganisms.



<

(») The structure of an antibiotic X , isclated from a soil sampls
was confirmed by the following synthesis?

Phthalic anhydride tert.butyl—“:-amina acetate P
toluene, A E

H COGET
: HS NaNii,
(i) GCeHsCHN, )é
yther products+ S R _ H,;N Co0H Q
< — X -
EtOH, A
édry HC1
CH,C1,
A . (i) PasCCl/Et,HH H,/Pd
U + Other Vv
— N = . _______9 —
7 products
(ii)‘ \N=C =N p
-~ HC1
THF L
X + Other products v<zz>b_0_CH2COOH W
DCC ,; THF

(i) Identify compounds P to ¥ and hence deduce the

structure of X in the above synthesis.

(ii} Give mechanisms of the reactions invelved in the
&
A

ormation of:

(R) R from Q (3)

<

from T

(iii) Briefly explainm the mode of anti-microbial action

of X



(i) Propose a stepwise synthesis of T#Q of the following
anti-bacterial zgents from readily availabie starting
materizls and recsgents, Show your analysis.

H
,b L
N '\’—t o
- \l
XA~ N O /J——- //rL\\
ﬁ » Cf/ ~ O H
H q 7
. jZ ) - . ;
< I"[ ~ Q\/‘\/\ f\‘ N
2 ‘// {K \\s(/ \Tﬁ/ >
IEEY -N 7
i i} N { <
’ TSN }
C%zﬁJ’/\\C) ~ 2 = ‘l"\/

/ M
h Ly

(10)

{(ii) How would ¥ou determine minimum inhibitory

concentration, MIC, of (1) ¥

END OF EXAMINATION
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¢ 460  PAPER I

PHYSICAL CHEIISTRY

TINDe TIHREE HOURS
AITSUERe AITY FOUR QUESTTIOINS

Uscful informotioms

¢ = 2,998 x 10 me

6.626 % T0 0 Js

jocd
it

2 :
W = 6,022 x IO 3 ol

31 kg
= 9,709 ® T0 0 €

X =27
1 = 1673 X IO kg

9.6485 x ot o ol

&
it

=T

[

~L
23,060 onk mol =~ ¢

- ~23 J K
- T8I x 0

P
l

-1 X
R = 8,374 & K nol

T I
T,987 cnk K = mol

i

- _~T
0,082 L atm K molk

i



()

{c)

P, T

iMen ig ~m opcrotor limcer? Which operator fg rcloted to the
Kimctie cmergy? Uhot is ite wnluc Inm Cartesion coordimntes

and polar coordimatcs?

If two oporators A and B commube, show thet they hove the some
set of cigcnfumctions., |
WMot ie o Hemiltonion fumctiom? Ixpress 1t as a function of the
coordimntes amd the momcmba. For o conscrvntive systen show thet -
thie fanction is couivalomt to the totel cncrgy of the sys-t‘-c-*n;
et ic ~ Hermitiom opcrator? Prove thot cigomwnlucs of o
Heraitiom opcrator are real.

oive the Momiltoniam oporator for the Bcliuwnm otom in atomice
mm:hts;

Prove thnt the kinctic cmergy ef o system comtalning twe -

particles of masscs . and ,, mowing im only two dimemsions

is givem by _

kY 2.z w2 2

T:-é-( cn +m2)( X+7) +—Ié- T (xT+y)
rm]+ V"lz



()

D

(®)

(e)

(a)

—
S
S~

(1)

.—3,_
Deseribe amd oxplain ot lcost two phemoncnon whiech account for
the failurc »f clascical mechamies,
Doseribe the first postulate of Quamtwn mechamics amd give the
physical intcrprotation of the - functiom.
How eom oy operotor be scf up for diffcromt obscrvobles?
Construet the guantwsr mechenieal operator for Kinctic enorgy;
Derive Schrodimgerts Wove equatiom for o single partielc frod
Postwlote IIT of quomtum mcehnnicse
Show ¥hnt the wave functions of om clectron for two different
statos im n onc dimensiomal box arc orthogomal.
Caleulate the ~llowed wowe functions smd encrgics for a particle
congtrained to move in o threc dimemsiomel BOXe
Pind the lowcst Kinctic coorgy of am clcetrom im o reetonrulor
box of dimcnsions I x IO—Igcmig T.5 x IO—I3cms§ and 2,0 x IO~I3cm'
Whet ~re the stomie woits of lines, Chorge, Lomgthy, Angwlor
momentun nnd Mnorgy? Bxpress Schrodimger cquntiom nad
Homiltonian In thesc units.
For systcms hoving move than onc cloetroms, which methods have
o be uscd for obtoiming solutioms to the wove cquatiom?
Dxploim one of thesc.
Writc the cxpression for the Homiltonion for the rigid rotor.
Dotermine the nllowed rotationnl oncrgy'lcvcls;
Optnain the first threec rotational emergy levels of HBr
molicewlc trenting it as a rigid rotor. The bond distomec is

TJ42 A im FBr. ( 0 = I1.008 3 Br = 79.904 )



~]—-

(n) In Hydrogem n~tom writc the exprossion for the Redial fumetion
R{r) when nornaliscd.

(») Discuss the significomec of the rodial wove fumetions in the casc
of Hydroprom otom.

(¢) Obtaim the value of the emergy of the clecetron in o Hydrogen
stom or Hydrogen like Hom,

(d) Uritc the Homiltominm operator for the Heliwr oton im

ordinary units ond ctomic undts.
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PAPER T

L THREE HCURE
AEK: ANY FIVE QUESTIONS

(11} 80z bsoryg n = B{C)

Describe the industrial methods of production of sulphur.
Describe the flow-sheet diagram fox manufacturing Tower
sulphuric acid (attached).

State the industrial methods manufacturing raw materiales
for ammonia zynthesis.

e

gas

1

Discuss the flow-sheet diagram for purification of
mixture from CO7 with hot petash Sslutlon {attached

Lv, o

Describe the flow-sheet di
synthetic ammonia (attached;

;..u S.‘Q

gram for manufacturing

Discuss the flow-sheet diagram for manufacturing not

concentrated nitric acid {attached).

cribe the metheds of production of ammonium nitrate
ohat e

-l
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o

X 5 e syel?
sampins are significantly different at ihe 5% confidence level:
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N 0
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A mixture of 0.500g of KCi9, ana ¥C1 was dissolved in water and

B A = B Moo S »

tne Cl0,~ converted into €17 if the total Ci~ required 3Z.0ml

: R N S W) aried T in
AF 0. 138M ATNC., determine the percentage o Ke10, and KO
ES2 SR Y M A Ao Aaghls i

] K o= 3 3V o= 35,8 3w 15,0
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TIME:
ANSWER:

.

G 140
INTRODUCTION TC HUMAN GEGGRAPHY
PRACTICAL

PAPER 11

THREE (3) HOURS

ALL QUESTIONS FROM SECTION A PLUS ANY TWO QUESTIONS
FROM SECTICN B.

MATERIALS PROVIDED:

THE USE

1. ONE SHEET OF A4 METRIC GRAPH PAPER
2. TWO SHEETS OF A4 PLAIN PAPER

OF AN APPROVED ATLAS AND CALCULATOR 1S ALLOWED.
SECTICON A
INTRODUCTICN TO MAPS AND AIR PHOTOGRAPHS
i. (a) List four ways in which Air Photcgraphs can be
uscd. '
(b) Outline and c¢xplain five (5) phctc clements that
would essist in the Aerial Photo Interpretation.
(c) List thrce advantages znd tw, disadvantages of
Aerial Photographs over Maps.
(d) Why is it difficult to meke 2 map from an oblique
Alr Photograph?
(e) List ficur major types of land cover (Land use)
2. (a) Explain briefly what you understand by the term
“Mﬂp" .
(b) Mentirn five (5) cheracteristics that are associated
with maps and cxplain the importance of each. \
(c) A map is 30 cm by 46 cm. Its Scale is 1:50,000.

How lorge is the arez shown on the mep in square

kilometres (Show your work).



the z2vaiisble

(d) Explain the importance .f using symbcls on maps.
{c) Construct 2 line scale in metric units

on & scale of 1:50,000, given that

naximum space 1is 20 cm. Sh-w your work).

Examine Figure 1 given 2nd answer
(2)
map?

In which general direction would the
£1ow?

(b)

Give reasons for your answer.

Examine Figur: 2 given and thea divide 1t

physi. graphic regicns. Neme and describe

you have identified.

SECTION B

SPATIAL 1NDICFS IN HUMaAN GEOGRAPHY

the following: -

How bost would you describe the relief omn the

drainage

inte iis

§ %
eaCil

in the 9 provinces of Zombia betwcocen 1969

gad briefly crmment ~n your findings.

Given the date doelow (Table 1) ostimete net migratiom

and 1980

foble 1:Pcpulation distributicn by Proviacce, Zembia, 1969
anc 1980

Province 1868 Pup. 1980 Pup.
Central 358,655 513,835
Copperbelt 505,515 1,248,888
Luzpula 335,584 412,798
Luscka 353,875 693,878
Northern 545,056 677,394
N/Western 231,733 301,677
Scuthern 496,041 686,469
Western 410,087 487,988
Source: C30{1%74) a2nd {1985), 1969 and 1980 Ccmsus of

Finzl Reports, Lusaka.

for 2 o

regicn



6. BRasod on the datz set in Table 2, detcrmins the type
cf settiemeni pattern pertaining in the Ccpperbelt

Province of Zambia covering 31,328 square kilometers.

Table 2: The Nearest Neighbrur Distance in the

Copperbelt Province

TOWN NEAREST TOWN WEAREST DISTANCE
1. Nd-la Luanshya 33,
2. Luanshya Ndola 33
3. Kitwe Kalulushi 14
4. Keziuvlushi Kitwe 14
5. Ching~la Chililabombwe 18
6. Cailil=b-mbwc  Chingcla i8

7. Mufuilira Kitwe 30

7. Tablc 3 shows the Urban Populaticn distribution of
Large Urban cenmtres in Zambia, Show that the concept

of primacy is slowly being applicabie im Zzmbia.

Table 3: Urban Population Distributicn cof Large Towns
in Zombia, 1990

Town Pop. in 1956
Chingola 167,954
Chililabonmbwe 76,848
Kabwe 166,619
Kitwe 338,207
Livingst ne 82,218
Luaushyn 146,275
Lusakn 982,362
Muiulirs 152,541
Ndcic 376,311

Scurce: CSO, (199 ) 1990 Census <of Pcpulaticn and Housing:

Preliminary Repori, Lusaka.




2, Assumc you are piven the Jdete in Table t. Which regions
contributed significantly to the Wenith of the country

and which ecomomic activities ncedcd further diversificati na?

Table 4: Gross Domestic Product by Kind ~f Economic Activity
in Constant {1977) prices for the yoar 1988.

Econcmic Activity Regicms

A B C D E F
1. %anufacturing: 200 50 78 786 400 127
Z. Miniug : 568 965 23¢ 100 36 765
3. Fishing 369 586 388 110 1896 192
4, Real Estotc 55 256 1¢ i5 1693 368
5. #Agriculture - 990 289 788 371 543 378

END CF EXAMINATION
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UNIVERSITY EXAMINATIONS ~ NCVEMBER 1994

G 220 PAPER I: CLIMATOLOGY

INTRODUCTION TO PHYSICAIL GEOGRAPHY

THREE HOURS

ANY FOUR QUESTIONS

ILLUSTRATIONS AND EXA#MPLE
SHOULD BE USED WHEREVER APPROPRIATE

USE OF A CALCULATOR IS ALLOWED

Describe Zambia's three climatological seasons, paying

particular attention to their causes and characteristics.

Describe in detail two effects of the tilt of the earth

on

its axis.

You have been allocated a project area in Chongwe for G 220.

There is no meteorological station in that area and

consequently you have decided to establish your own

station. However, due to the limitations of resources,

you have only managed to kuy thermometers for measuring

minimum and maximum temperatures.

Iin
to

{a)

(b}

order to measure evaporation and rainfall,; you have

make and calibrate your own instruments.
Describe how you would make and calibrate the
instruments for measuring evaporation and rainfall.

How would you use the resulting data to calculate
potential and ~ctual evaporation?

Write brief explanatory notes on all of the following:

{2)
{b)
(c)
{d)
{e)

minimax,
advection fog,
BWk climate,
warm front ancd

decldrums.

/2oona



-2 -

Describe global illumination, lenth of day and night and
the apparent movement of the overhead sun at June solsiice
with reference to the equztor, tropics of Cancer and

apricorn, Arctic and Antarxctic Circles and the poles.

{a) what is temperatur:n inversion?
(b) Explain how a2 ground inversion occurs.
(c) What can be done to avoid crop damage as a result

of night frost?

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - NOVEMBER 1994

G 220 - II
GEQ¥ORPHOLOGY
TIME: THREE BOURS
ANSWERS 2 QUESTION ONE AND THREE OTHERS
NOTE: 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. jiirite explanatory notes on all of the following:
(a) Isostasy
(b) Spheroidal weathering
{c) Q = Av
(d) Pediplain
(e) Fining upward sequence
(£) Karren
(g9) Colluvium
(h) Saltation
{1) Barchan
(3) Helical flow
2. Discuss mass wasting under the following headings:
(a) the angle of repose;
(b) the role of water;
(c) avalanches and landslides;
{(d) niadfflow;
(e) soil creep and solifluction.
3. what are the possibilities and limitations of tourism on
. karst in Lusaka area.
4, Discuss the formation of sedimentary rock from a loose
sediment.
5. Discuss the rock cycle in relation to plate tectonics.
6. What would be the geomorphic effects of an increase in

vegetation cover of a formerly arid region.

END OF EXAMINATION
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INTRODUCTION TO PHYSICAL GEOGRAPHY

TIME: THREE HOURS

ANSWER:

FOUR OQUESTICNS, TWO FROM SECTION A AND TWO OTHERS FROM
SECTION B. ALL QUESTIONS CARRY REQUAL MARKS.

THE USE OF AN APPROVED ATLAS I8 ALLOWED.

YOU ARE ENCOURAGED TO USE MAPS AND DIAGRAMS WHEREVER POSSIBLE

TO TLLUSTRATE YOUR ANSWEX.

1. Write short explanaterv nates on all of the folleowing
{a) Sigmoid growth curve
(b) Law of limiting factors
(c) Adaptations
(d) Biological control
(e) Competitive exclusion principal
2. List the bictic and abiotic components of an eco psystem.
Decscribe how these COﬂponmnta interact to govern the flow
of energy through a food web.
3. Describe the characteristics of a species and its habitat

}_ 1
that would produce largs population Eluctuations and
contrast those that would promote small population
fluctuations.

4. {a) Briefly describe the nitrogen cycle as found in
nature.
{b) Disc uss the various effecteg and influences that man
has had on the nitrogen cycle.



TP T N T T
SECTION SOTLE

Describe the various characteristias

their importance to plants.

{a) List the soil teztural classes
Aiameter order (according to th
and indicate the diameter rangs

(h) What is the importance of =oil

In what wavs may the composition of

influence soil type 1n

fa) in a semi-Aaric area

(b)Y in a humid area

Write a brief account of each of the

{a) Layer silicates

{b) Isomorphous substitution
() Spodoscl

{d) 8oil reaction

(e} Soil micronutrients

END OF EXAMINATION

water and

%n a decreasing
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in 81 units.

parent material
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G 230

CARTOGRAPHIC AND QUANTITATIVE TECHNIQUES IN SEOGRAPHY

)

PAPER I1X

QUANTITATIVY MKTBODS IN GEOGRAPHY

TME: THREE HOURS
\NSHER .. FOUR QUESTIONS -~ QUESTION OWE (COMPULSORY} AND

ONE OTHER FROM SECTION E AND THE REMAINING TWO
FROM EACH OF SECTION C.

ALL QUESTIONS CARRY EQUAL MARKS.

THE USE OF AN APPROPRIATE ATLAS AND CALCULATOR IS
ALLOWED.

THE FOLLOWING TABLE(S FOR CRITICAL VALUES ARE
{a) Chi Square,

(b) Product moment correration coefficient,
(c) '7¢ yalues and
{d) Areca under the normal curve.

(e} Student ‘t°' test
(£} i test

{q) Spearman’s

A SHERT OF FPORMULLE IS ALSO PROVIDED.

SECTION A -

0 1. Wwhat is meant by
(n) negative skowniess
ib) a non-parametric test
{c) mean deviation
{3} 7 = 2.34 under ithe normal curve
{e) Chebyshevv's rule and
(¥} rejection ragion under the 't* distribution.

/2.
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SECTION B

Tahie 1 shows scores for a test in statictics:

£
N

JToble - 1= Scores for a test in statistics

T 87 566 77 94 Tz 88 85 66 89 79 S5

50 91 83 88 82 58 18 53 92 77.

{ise the data in Tabie 1 to:

(a) compute the threc measures of central tendency.
{b) decide which one of >your three measures of

contral tendency best represents the achicveaent

of the class. Justify your ~nswer.

{c} c-lenl~te the mean deviation.
{d) caleulate the standard deviation (comment on the

meaning of vour standard deviation in relation

toy this data set).

ol
o)
bod

w3 The mean nunher of troes counted by & biogeography student
a period of one Witk wWas §25. His standard deviotion

wns 205.

Whot is the probibility of this student

() sounting 550 trees?

(5 counting 1,500 or more treas

{c) counting between 750 and 500 trees and
{a) counting brtween 700 and 956 trees.

SECTION C

D A, Table 2 shows the aces of husbands and their wives at the
time of marringe. The data are normally distributed and on un
interval scale.

Table 2: Ages of husbands and wives at the time of marriage

. i S——— - B i O

Hush nd's nore 23 27 28 28 29 30 31 33 35 IN&
8

Wifets age 20 22 27 21 29 27 29 28 2

(1) Use of those o iAa to prove whether or not the choice
of a wife »mong husbands is significantly o function
of age. Use the 0.01 level of significnnce.

{b} Predict the age-of a w%man that 1 40 yaaf old wan would

marry if he £nliowed the pattern illustrated in Table

A R
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O 5. Data presented in Table 3 illustrate yields of beans in
relation to sizes of plots. Show whether the yields are
proportionally distributed in relation to sizes of piots.
Use the 0.0% significance level.

Table 3: Yields of beans {25kg bags) from re: spective plots.

PLOT SIZE OF PLOT IN YIELD {in no. of

{in ha.} 25kg bags)

A 15 ’ 6

B 10 15

C 25 10

D 16 12

B 30 25

#

G 35 25

H 27 | 16

I 40 20

J 24 il
6. A Psychologist wishes to investigate the differxence in

maze test scores for a strain of laboratory mice trainod
under aifferent laboratory conditions. The experiment Lo
conducted using eighteen randomly selected mice of thig
strain, with six receiving no training 2t all

{control group), with six trained underx condition 1,

and six trained under condition 2. Then each of the
mice is given o test score between zero and 100
depending on its performance in a test maxze. The

test produced the following results:

Tible 4: Meve test scores for a strain of iaboratory mice trained

ander different laboratory conditions.

s s — e s

CONTROL CONDITION 1 CONDITION 2
58 73 53
32 70 74
59 63 72
54 71 62
55 60 58
49 652 61

is there sufficient evidence to indicate 2 difference among mean
maze test scores for mice trrined undexr the three different
laboratory conditions at the 9.05 level of significance?

e m v LT WREFY R B TCATH ITIT INRT
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G 230 FORMUWAE SHEET

= 1% - 1

A= (x/nx)-%2 + [y /ny)- Y?
nx -1 ny -1

Use a one tailed test at the 0.05 significance level

r= NnEXy - EXIY
VInsx? - (£x1[nsy®(SyP]

or is it

r = NEXY - EXZY
Vingx? -(=x*)] [nzy? - (2y?))

Use a two tailed test at the 0.01 significance level

Ug= NNy + nx(ngﬂ) - =0,

Uy= nyny + wr_\y(r\y+1) -2y
2

Use o one tailed test at the 0.025 significance level

a= y-b¥X or s it a=2y- bzx
b= Exy-nXy | or is it b = EX¥- nxy
=x2% nx?




x* = =(0-€) or is it  x*s =(0-EF

Use the 0.05 significance level

O. =fér:(2‘ -7(2', Or O-'z/gﬁ&__;{ ~
2 '
Tw = ég(x-sz)z or is it? e—gz 2n(3’<—3<(3)2
N - K
A 2 Ao
F=T Fz 0w
Ao A
Ow Op

Use the 0.05 levei of significance

Fs = 1 - 6sd?
nd-n
rs = 6%d”
n3d-n

Use a one tailed test at the 0.01 significance.



rs = (A-B)+{A-C) - =d*
2/ (A -B) (A-C)

Use a two tailed test at the 0.05significance level

Z = X - X
g

or s it
Z‘= X - %
a
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6340

GEOGRAPHY OF AFRICA WITH SPECIAL REFERENCE TO ZAMBIA

Bl
3

[
!

THREE HOURS
FOUR QUESTIONS. ONE FROM SECTION A, ONE FROM SECTION B

AND TWO FROM SECTION C.

-
!00

CANDIDATES ARE ADVISED TO MAKE USE OF ILLUSTRATIONS AND

EXAMPLES WHEREVER APPROPRIATE. USE OF AN APPROVED
ATLAS IS ALLOWED.

(a)
(b)

(c)
{d)

(e}

SECTION A:

Write brief explainatory notes on all of the following?

The effect of altitude on temperature in East Africa.
The distribution of winds and pressure belts on the
African continent in July.

Factors influencing industrial development in Kenya.

The advantages of tourism as an aid to industrial,

development in East Africa.

The vegetation and soils of the tropical rain forest.

Using specific examples. Outline and explain the various

ways in which water transport is limited by physical
factors on the African Continent and suggest possible

solutions.

. ()

{b)

Either
Discuss the main factors, both natural and human,
which tend to induce soil erosion in Africa.

or
To what extent is the crisis in the sahel man made

rather than a result of *Acts of God*'?

/12....



Compare and contrast the strategies of econcmic development

followed by Ghana and the Ivory Coast after independence.

Assess the contention by Griffiths and Binns' (1988) that
the Socio-economic crisis in African is largely due to
lack of political will.

Explain why South Africa has the highest concentration of
Industrial growth in Africa and show the distribution of

industries within the country.

In what ways is the changing geo-political situation in
Southern Africa an advantage rather than a disadvantage
to Zambia?

Discuss the potential impact of market liber~lization

on farming in Zambia.

Discuss the extent to which population distribution in
zambia conforms to the principle of environmental

determinism.

With the use of examples. discuss the view that human
migration patterns in Zambia since 1969 reflect the
cffect of unequal éistribution of socio-economic

resources.

Discuss Regional diversification of industrialization in

zambia with respect to the strategy of Import - substitution.

END OF EXAMINATION
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G 622

CLIMATOLOGY

IME: Three haours
NSWER: FOUR guestions; questian one and three others.
TE: Question one carried 40% of the total marks

for the paper. Candidates are advised to use
their time accordingly. Tllustrations and
examples should be used wherever appropriate.
Use of a calculator is allowed.

(a) According to McDonald's theory (1957), a gap in
station A's records can be filled if the neighbouring
stations B, ¢ and D have complete recards.

The mean annual precipitation at station A, B, C and
D are 695, 715, 735 and 750 mm.

For calendar vear 1992 the annual precipitation at
stations B, C and D were 690, 710 and 725 mm
respectively.

calculate the annual precipitation in 1992 at
station A.

(b) Comment on the usefulness of this method. comparing
it with the results of another method.

The figures for the climatological parameters for Lusaka
come from a meteorological station at Tausaka Tnternational
Airport (Lat. 15 degr. 19 min. S, Long. 7?8 degr.

27 min. E, Alt. 1154 m. ams). The temperature figures for
the months June, July and August are as follows:

max. T min. T (°C)
June 24,2 08.3
July 24.2 07.7
August 26.2 10.6

At the beginning of July this year however, Tusaka was
experiencing a cold fresh to strong breeze with daily
maximum temperatures around 16 °C and minimum temperatures
around 1 to 2 °, which is very unusual for Lusaka.
Describe and explain this weather situation.



. In the months of December. January and February,
South-West Tanzania and in some rainv seasons North-Rast
Zambia get their rainfall from the south moving ITCZ, but
also from another source.

Describe and explain this other source and discuss why
this extra rainfall is so important for the region.

Descrihe giving full details the two isohyetal methods
in the processing of precipitation data for a catchment
area.

. Discuss the recent climatic change and its likaly effects
on the environment.

¥ Write brief explanatory notes on all of the following:

{(a) an automatic rainfall recorder,

(b) a lysimeter,

(c¢) a meteorological map,

(d) the waterbalance method of determining the recharge
of groundwater and

{e) a barometer used as an altimeter.

) e o v - . e - e o v e e e mm e M e e T e e M M R e e e M e A e A e W e e e e Gm b M e G e W W W e e W e e A G e e e e e ae

END OF EXAMTNATTON
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G 925

GEOGRAPHICAL HYDROLOGY

TIME: Three Hours

ANSWER: Question one and three others,

NOTE: Question on carries 40% of the total marks
for the paper. Candidates are advised to
use their time accordingly. Tllustrations
and examples should be used wherever
appropriate. Use of a calculator is
allowed.

1. Write short explanatory notes on all of the following:

a) Chemical and latent heat characteristics of water.
b) Three pathways of runoff.
c) Criteria for the selection of weirs and why the
v-notch is varied in sharp-creasted weirs.
d) Floods and why the recurrence interval is not a
forecast.
e) Three methods of baseflow separation.
£) Infiltrometer and its use.
g) Pumping test.
h) Calibration of a self made rain gauge.
i) Thiessen polyvgons.
3) Fault dam spriung.
2. ‘Drought is a chronic phenomenon in Zambia'. Discuss.
3. Discuss in retrospect Africa's experience and Zamhia's

future prospects for river basin development.



4, At a meteorological station, both precipitation and

temperature were measured. The ftotal wmean precipitation
per year was 800 mm and the annual average temperature
was 20° C.

a) Calculate the average evaparation [(Ea) using the

formulas by:

)

=} Turc and Langhbein
=) Coutagne

b) Calculate and discuss the difference between the two
resulte.
5. Explain, using examples, the difference between

Coefficient of permeability and Coefficient of
transmissibility.

6. What information can a hydrologist gather from the pattern
of "Isohvpsen" on a hydrological map and how can this
information be used. Give an example.

END OF EXAMINATION

r
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s .

POPULATION GECGRAPHY

PRACTICAL PAPER IX

TIME: THREE (3)HOURS

ANSWER s TWO QUESTIONS FROM EACH SECTION.
ALL QUESTIONS CARRY EQUAL MARKS.

SECTION A

1. Table 1: population of Copperbelt, Eastern, T.usaka and
Western provinces, 1562 and 1980.

PROVINCE 1980 . 1969 ANNUAL RATE OF GROWTH
1969 - 1980
Copperbelt 1,248,888 816,309 r ?
Eastern 650,902 P2 2.3%
Lusaka P2 352,584 6.3 %
Westexrn 486,455 440,087 r ?
!
{a) Calculate the following:
(1) The rates (r) of growth between 1969 and

1980 for the Copperbelt and Western province::
(ii) 1969 and 1980 population of Fastern and
Lusaka provinces respectively.
(b) Discuss briefly major factors responsible for the
population dynamics in the Copperbelt province.

/2.c..



of Agriculture Food and Fisheries in Lusaka and the

Assuming you arec a Chief Tand Use Plonner at the Ministry

Permanent Secretary reguests you to find provinces where

there is land shortage due to population increase.

which

cartographic technique can you use in order to make tha

Permanent Secretary appreciate the Spatial Distribution of

the population in the country at a glance?

Table 2: Area and Population Distribution by
province. Zambia, 1590
PROVINCE 1990 POPULATION AREA (SQ. XM |
{C00)
Central 725,611 94
Copperbelt 1,579,542 31
Eastern 973,818 69
Laapula 526,705 51
Lusaka 1,207,580 22
Northern 867,755 148
North-western 383,146 126
Southern 946 ;353 185
Western 607,457 126
source: CSC, (1990), 1990 Census of Population, Housing and

Agriculture: Preliminary Report, Lusaka.

N3. Use the rap of Zambia provided.
3. Rased on the data given in Table 3 below, estimite the
lifetime inter district migration in Luapula province in
1580 and comment on your results.
Table 3: Inter-District Lifetime Migration in Luapula Province,
1430,
f District pistrict »f Enumeration.
f of Birth
% 1 2 3 4 5
1. RKawambwn 50,634 938 1,666 1,464 523
2. Mansa 2,154 82,445 2,285 766 166
3. Mwense 2,867 1,832 52,434 868 513
4. Nchelenge 4,331 9€0 2,722| 62,256 40%
5. Samfyc 448 2,019 344} 2561 87,591

[3eess
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SECTION B

4. Estimate the contribution of intenal migration to the growta
of urban population in Zambia between 1980 and 19550 if the
total urban population in 1980 was 2,258,500 while the total
population for Zambia was 5,561,801 and the urban prpulation
for 1950 was 3,285,766 as compared to the country's total
population of 7,818,447. Show @1l necessary calculations
and briefly comment on your results.

5. Presented in Table 4 is the distribution of population for

for ccuntry °A?

Table 4: Population distribution for country 'A'.

AGE MALES FEMALES

0-4 2312 2194

5-9 2395 4669

10--14 2166 2047

15-19 1961 : 1272

20-24 2132 2105

25--29 1322 1785

30-34 16-52 1607

35-39 159¢ 1572

40-44 1659 1572

45-49 1750 1794

50--54 1591 1603

55-5% 1614 1746

60~64 1497 1709

65-69 1156 1511

70-74 775 1226

75-79 451 70

80+ 367 ng2

Use data presented in Table 4 to:

(2) compute the child dependency rstio for the population in
country 'A‘' and briefly explain what the socio economic
implications of such a2 dependence ratio are,

(b) compute the Aged dependency ratic and explain what it means
and

(c) c-mpute the total dependence ration and suggest measures

measures that the government ¢f a country A’ shcould take in



6. (2} Assuming that data presented in Table 5 were
randcmly selected, use an appropriate parametric
statistical test to asses whether or not there
is any assnciation between GNP percapito and
Total Fertility Rote (TFR).

{b} Explain why your value is either wenk, miCerate or

strong.

Table 5: GNP PER CAPITA AND TOTAL FERTILITY RATES FOR SELECTED

COUNTRIES.
PER CAPITA GNP (US @) TOTAL FERTILITY RATE
1. 310 3.6

2. 390 2.0

3. 290 5.5

4. 26,780 2.0

5. 3,010 : 1.7

5. 1,540 2.2

7. i10 5.3

. 320 %.5

9. 28,220 1.4

10. 1,170 £.9

END OF EXAMINATION
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THE UNIVERSITY OF ZAMBIA
UNIVERSITY EXAMINATIONZ -~ NOVEMBER/DECEMBER 1994
G 960
ECONOMIC CEOGRAFHY AND DEVELOPMENT
TIiME: THEEE HOURS
ANSWEE: FOUR QUESTIONGS. ANSWEE QUESTION 1 (COMPULSORY)
AND ONE CTHER FROM SECTION A AND ANY THO FROM
SECTION B.
NOTE: ILLUSTRATIONS AND EXAR ES SHOULD BE USED WHEREVER
APPROFPRIATE.
SECTION A
1. Write brief explanatory notes on each of the following:
(a) the relationship between plant size and plant
closure,
(b3 exhernﬁl economies of scale as a locational factor.
{c) Smith's Variable Cost Model.
{d) Von Thunen's conception of Economic Rent.
2. Trace the origin of modern Economic Geography and discuss
the major shifts in emphasis that have occurred to date.
3. "All decision making activities including locational
decizions are behavioural processes" (Dicken, 1971).
Discuss this statement with reference to Weber's Theory
of Industrial Location.
4, {a) In what ways does distance affect international
commodity trade?
{(b) Suggest ways by which Zambia can protect her
collapsing manufacturing sector from foreign
competition.
SECTION B
5. Comment on the view of G. Yoseph (1994) that Structural
Adjustment is desirable and necessarv if growth in African
economies is toc be restored.



Compare and contrast Modernisation and Dependence Theories
and show how each thecory propeses to deal with th
econcmic c¢risis in the Third Warld.

and in what ways does 'Radical Geography'
cle to play in understanding and resolviag
risis in the 1990s in the Third World.
Show the relevance of the comparative models of
development in mapping out development strate
Third Werld in the post ‘cold war' period.

o
gies for the

END OF EXAMINATION
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RURAIL GEOGRAPHY

TIME: THREE HOURS
ANSWER: ANY FOUR QUESTIONS, ALL QUESTIONS CARRY EQUAL MARKS
NOTE: CANDIDATES BRE ADVISED TO MAKE USE OF ILLUSTRATIONS

AND EXAMPLES WHEREVER APPROPRIATE. USE OF AN
APPROVED ATLAS IS ALLOWED.

1. (2) Define Rural Geography

{b) Discuss the significance of the Environmental
perceptual approach to Rural Geography.

2. In what ways are water and land rights intercoonnected,
and to what extent do both rights constrain Rural
development in Africa?

3. To what extent is the material development of Rural
Africa dependent on the role of transport and
communications?

4, Either

{a) Wwhat factors account for the location of settlements
in Rural Zambia?

OR

(b) Discuss ways of fostering Rural Industrialization
in Zambia.

5. Evaluate Goran Hyden's view that the African peasantry
is not ’'captured' by other social classes.

6. Evaluate why it is necessary to effectively 1ntegrate
women into commercial agricultural production in Rural
Africa.

7. To what extent can modernization of indigenous methads
of cultivation be a basis for sustainable agricultural
develcopment in Zambia?

END OF EXAMINATION
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URBAN GEOGRAPHY
PIME 3 THREE {3) HOURS
ANSWER : FOUR QUESTIONS —~ TWO FROM EACH SECTION.
ALI QUBSTIONS CARRY EQUAI, MARKS.
USE OF A CALCULATOR ALT.OWED
SECTION A
L. Expltin hcw the three different Approaches in Contemporary
Urban Geography nre associated by referring to the Physical
Planning Problems of most Cities in Developing Countries.
2. Outline nnd critically evnluzte the Operational definitions
of an "Urban Place®™ as given by the Central Statistical
Office during the 1980 2nd 1990 Censuses of Population of
Zombin,
3. Show the quantitative differences between the Tempo ~f

Urbanisation and the Rote -f Urbanisation and comment on the

type of Urbanisation trends in Zambia by use of the

following datas-

Tnble 1: YUrban Population of Zaombia, 1963, 1969, 1980 =and 1590

Census Year

Total Urban Population

Total Population in Zambi%

o

1853 715,256 3,490,170 !

1969 1,192,116 4,056,995 §

1980 2,258,500 5,661,801 !

1950 3,285,766 7,818,447 %
Source: CS50{ 1970,1974,1985, 199%91), Census of Population and

Housing keports. Lusaka.

4-

Discuss and Explain the S$ncin-—economic problems affecting

Town Pianning efforts in most African Towns today. 1In

what wavs can some of these problems be solved particulary

in the sc-called "Parasitic Cities.”

/2“00



SECTICHN B

primndinnes

‘The Key concepts of the Central palce Yheory remain

informative for the urban Geographer.' Discuss.

“The Geography nf the City reflects the level of technolaogy
and the organisztion ~f its economic activity®. Discuss

with reference t> =ny city in Zambia.

N

With reference to sncial status segregation asses the
extent to which the reszidential structure . 22 city
may be viewed zs the cutcome ~f several decisions by
individual hcuseholds about where to live.

T

gow are market forcees manifested in the form and structure

of urban arveas in Zombhin?

END OF EXHMINATION
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G 971
BIOGEOGRAPHY
1K THREE HOURS
SWHER: ANY FOUR QUESTIONS
'E: CANDIDATES SHOULD USE DIAGRAMS AND EXAMPLES

WHEREVER RELEVANT. USE OF AN APPROVED ATLAS
IS5 ALLOWED.

The theory of Island Biogeography has been criticised as
an oversimplified abstraction. What variables other than
those discussed by McArthur and Wilson affect species
diversity on islands?

Whv should man today be concerned about the rapid
destruction of the tropical rainforests?

The Linnean syst em of classification of living organisms
is described az being generic, hierarchical, comprehensive
and binomial. Discuss.

With specific reference to Zambia, outline and explain the
practical value of vegetation buraning.

'The theory of continental drift is nothing more than a
scientist's dream, based on imagination rather than
evidence.’

Evaluate this statement and suggest alternative
explanations for the distribution of plants and animals.

ific examples, distinguish between evolutionary
Xamg

¢ relict populations of plants and animals,

and briefly discuss how such relicts might be

characteriged as bicgeographical islands.

Outline the significance of vegetation surveys to nature
conservation. And briefly describe how you would collect
the necessary data for the conservation of any given area.

END OF EXAMINATICN

=1
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THE URIVERSITY OF ZAMBIA
OUNIVERSITY EXAMINATIONS -AUGUST, 1994
G 972

THE GEOGRAPHY OF NATURAL RESOURCES

THREE HOURS

ANSWER: FOUR QUESTIONS

CANDIDATES ARE ADVISED TO USE ILLUSTRATIONS
AND EXAMPLES WHEREVER USEFUL. THE.USE OF AN
APPROVED ATLAS IS ALLOWED

Q1.

Qz.

QB-

Q4.

Q5.

'All is interdependent in today's world, it is impossible
to reform any one thing without altering the whole.'
Discuss this statement with respect to whether United
Rations Conference on Environment and Development
{UNCED) was an epitaph or advent.

*All resource problems are related to human population
jncrease' Discuss this statement, with reference to the
use of Zambia's mnatural resources by Man.

Answer either (a) or (b)

(a) "Historically soil erosion was a local problem.
Individual civilizations whose food systems were
undermined in earlier times declined in isolation
(Brown, L. A. and Wolf, E. C. (1984) .* Discuss
this statement with respect to the effect of
soil erosion on the global socio-economic
relations.

(b) Evaluate the view that 'the globalisation of the
United Nations Conference on Environment and
Development (UNCED) agenda was merely a rush to
superficially correct the injustice perpetrated

. by the rich on the poor and preservation of
... whgtever natural resources still remain.'

With reference to specific examples drawn from Zambia,

cutline giving reasons Man's intervention in the

hydrological cycle at the river stage and briefly
discuss the problems arising from that intervention.

(a) Briefly outline some cf the human strategies that
traditional societies used to cope with environmental
stress.

(b} Discuss the likely constraints were these

strategies incorporated in today's environmental
management designs.



-2 -
Q6. Answer either (a) or (b)
(a) piscuss the role of the multiplier effect of

deforestation on human pcpulations.

{b) With reference to forestry, explain what is meant
by the term 'Tragedy of the Commnns' and briefly
discuss how this problem is being managed in the
Zambian context.

END OF THE EXAMINATION
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THE GEOGRAPHY OF NATURAL RESOURCES

THREE HOURS

ANSWER: FOUR QUESTIONS

CANDIDATES ARE ADVISED TO USE ILLUSTRATIONS
AND EXAMPLES WHEREVER USEFUL. THE.USE. OF AN
APPROVED ATLAS IS ALLOWED ‘

Ql-

Q2.

Q3.

Q‘o

QsS.

'All is interdependent in today's world, it is impossible
to reform any one thing without altering the whole.'
Discuss this statement with respect to whether United
Rations Conference on Environment and Development
{DNCED) was an epitaph or advent.

*All resource problems are related to human population
increase' Discuss this statement, with reference to the

use of Zambia's natural resources by Man.

Answer either (a) or (b)

(a) "Historically soil erosion was a local problem.
Individual civilizations whose food systems were
undermined in sarlier times declined in isolation
(Brown, L. A. and Wolf, E. C. (1984)." Discuss
this statement with respect to the effect of
soil erosion on the global socio—-economic

relations.

(b) Evaluate the view that ‘the globalisation of the
United Nations Conference on Environment and
Development (UNCED) agenda was merely a rush to
superficially correct the injustice perpetrated

. .by the rich on the poor and preservation of
... whgtever natural resources still remain.®

With reference to specific examples drawn from Zambia,

cutline giving reasons Man's intervention in the

hydrological cycle at the river stage and briefly
discuss the problems arising from that intervention.

(a) Briefly outline some cf the human strategies that
traditional societies used to cope with environmental
stress.

(b) Discuss the likely constraints were these

strategies incorporated in today's environmental
management designs.

V.
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Q6. Answer either (a) or (b)

(a)

{b)

Discuss the role cf the multiplier effect of
deforestation on human pcpulations.

With reference to forestry, explain what is meant
by the term '7tragedy cf the commons'® and briefly

discuss how this problem is being managed in the
zambian context.

END OF THE EXAMINATION



THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - NOVEMBER/DECEMBER 1994

G 975

S01L GEOCRAPHY

)

TIME: THREE HOURS

NSWER: QUESTIONS 1 AND 2 AND ANY OTHER TWO. ALL QUESTIONS
CARRY EQUAL MARKS.

THE USE OF AN APPROVED ATLAS IS ALLOWED.
YOU ARE ENCOURAGED TO USE MAPS AND DIAGRAMS
WHEREVER POSSIBLE TO ILLUSTRATE YOUR ANSWEK.

Write a brief account on each of the following:

-t

{a) hydrolyvsis
{b)} hydrous mica
{¢) management type
{d) moisture control section
{({e) orthents
2. "We do not want soil maps. Just give us land capability.”

With reference to the above statement, justify the
developmental significance of land capability maps.

3. Define and explain the criteria used for the
identification of an umbric, spodic, histic, and albic
horizons.

4. Explain in terms of 3011 forming processes, genesis of the
following horizons and soils: Podzol, Spodosol, Laterite

and Alfisol.

5. (a) Name five types of soil survey used in Zambia and
indicate the scale range, purpose and mapping units
used in each type of survey.

(b)Y Describe with examples how your knowledge of airphoto
interpretation and factors of soil formation help in
3011 surveys.

6. putline the socio-economic factors critical to the success
of so0il conservation, and indicate with justification.
which two factors are critical to the Zambian situation.

END OF EXAMINATION

et



UNIVERSITY EXAMINATIONS - NOVEMBER/DECEMBER 1294
G 981
CARTOGRARHY
ME: THREE (3) HOURS3

SHOULD USE DIAGHAMS AND FXAMPLES WHEREVER
T EOOF A 5 18 ALLOWED.

Write brief explanatory notes on the following:

Map projections
Choropleth mapping
Dasymetric mapping
Isarithmic mapping
Cartographic generalization
Tllustrate with an example. the need for and importance of

maps in Zambia.

th

s on maps, is a convenient way
aphic information’. Discuss.

To what extent 13 colour in Cartography worth all the
£ * and expense involved?

in at least four (4) methods of representing relief
.opoglafnig maps and discuss the problems associated

Discuss the view that computer technigues have brought
cily speed and standardisation to modern map-making.

END GF EXAMINATION

[



THE UNIVERSITY OF ZAMBIAQ

UNIVERSITY MID-YEAP EXAMINATIONS - AUGUST, 1994

G 991

REMOTE SENSING

TME: THREE HOURS

NSTRUCTIONS: ANSWER ALL QUESTIONS IN SECTION A AND ANY TWO IN
SECTION B. USE OF A CALCULATOR IS ALLOWED.

,,,,,,

. Write brief explanatory notes on all of the following:
(2) False colour film and panchromatic film.
{b) The assumptions upon which the validity of the

inferences that can be drawn from a satellite
image is based.

(c) Time-critical and time-stable cbservations.
(a) The difference between supervised and unsupervised
classification.
. {a) Explain why a minus-blue filter is normally used

with false cnlcur film.

{(b) Explain why it is not possible to see the ground
surface in 3 - dimensions lcoking out of the
window of a high-flying aircraft whereas two
overlapping photos of the same area taken from
the same aircraft can be seen as a 3-D model
under a stereoscope.

(c) A set of 1:25 000 air photngraphs is required of an
area with an average altitucde of 1180 m above sea
level. A super wide angle iens «<f 83mm is tc be used.
What should the flying height «f the aircraft be?

/2..0...



(2)

(b)

(c)

4
-2 -
What is image parallaxy on vertical aerial
phctographs?

Twe overlapping vertical aerial photngraphs have
heen aligned in the flight direction and fastened
after obtaining a stereomodel. The photos cover
Lusaka's Central Business District {CBD) and it is
required to estimate the height of the tallest
building in the CBD. Using a parallax bar, the
parallax <f the base of the huilding is frund

to bhe 45.5mm and thet of the top of the same
building is 43.5mm.

Calculate the height of the building if the scale
cof the square 230mm photos, which were taken with
2 150mm focal length camera, is 1:10,000. The

The distances between the principal points and the
transferred principal points «f the two photos are

90.5mm and 93.5mm respectively.

Berial photographs of a plantation consisisting
of two classes ©f trees at different growth stages,
are undertaken at a scale of 1:26 000 using a narrow

angle {(300mm) camera.

~the height difference between the two classes is
fcund to he about 1.5m. When the photos are
examined under a stereoscope, would ycu be able to
make a distinction between these classes? Explain
your answer.

SECTICN B (40)

Bssume that you are an cmployee of the National Environmental
Council (NEC) of Zambia, and have bean given the task of

conducting a2 deforestation study in Chongwe area.

What type of aerial photographs woulil you require and
how would ycu utilize them to detect and monitor the
spatial extent cof the problem, between 1960 and 19902

[3cecc...
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Define ground truthing and outline its significance
in satellite remote sensing.

"The degree of detail and the accuracy by which thematic
information can be extracted from satellite imagery and
the economic cost does not depend solely ~n the
characteristics ~f the remcte sensing system used.’

Discuss.

Outline the approaches used in the Box classifier method

of image classification and state the inherent constraints.

Draw a diagram showing a typical reflectance curve ~f a
ncrmal healthy plant leaf and discuss the factors
responsible for the pattern of the curve.

I - s e - - o~ —

END OF EXAMINATIONS
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b) Evaluate Two of the following integrals:

|8

ai The

[ | it)  [in(1 + x*)dx

cosk "
- W, H,
J 1+ cos? d

, . - S .
Laplace s eguatin in &, is given by

2 2
A § &
L?: o B & bt

. . e \ . . . & 2 e .
verify that f(x,v) = In(x + y ) satisfies Laplace’s
equation.

b) i)

11}

7. Find the

Find the distance from the point A(1,1, to the

7)
line thrugh points B(2.-1,4) and C(3,1.,8).

Calculate a unit normal vector to the curve

R £ 3 B e
Ly = (5= - €} + t75;

general solution of the differential equation

oy z N -t
. oo = w5 - N o
e cix 3y - 2 «73 AR Nary LA
solve any two of the following:
. 3
+ oy "
+ 1 ¥ = U

[

. 2
Zy (l+x

S
y = bx

. 2 o .
-~ 2V odv o+ Zxvdx = §.

END OF EXAM

£



THE UNIVERSITY OF ZAMBIA
SESSIONAL EXAMINATION 1994
MATHEMATICS M220

TIME ALLOWED: Three(3) hours

INSTRUCTIONS:  Full mavks may be obtained for
complete answers to any sixz (8) questions

. : 5 A a b . . : v
1. &) Given a Zx72 matrix & = ( o ] with ad - be # 0. what are

the entries in the matrix B that satisfy BA = 17 Show that this

same B satisfies AR = 1

1 O 0 ]
b1 For what values of t will the matrix T = 0 10
1 1 iw}J

be noninvertible? For all other values of 1 what ig the
inverse?

1

"
ot
N [
% .
W .
P
oF
.

Reduce the matrix ¥ =

——————
e
5 B
0 o
L ——

i3 Echelon form

i1y Eow reduced echzlon form

2. a3}  Given the system of linear equations AX = B, where

A= (aij), X = (Xj), B = {b,}, give the meaning of each

o

of the following terms
i) the rank of the matrix A
ii) & consistent svstem of equations

b i) Determine the rank of each of the following matrices:

iz 1 a - 1 -z 10
K - y - . — - -~
4 P 3 A 2 4 A s = 3 <z i

-
EC
S
h
[$V]

4 4



o

HMZ20

Hence deduce that the system of equaticns

SV

X +y -2z = 10

<

ok

3% + 2y + 2z =

8% + 4y + 4z = 4

Y

is consistent.

v

ind 2 soluticn set for the systen AiX = 1
{4
ﬁ'\,

where Ai is the matriz in Juestion 203

.

Give the definition of 2ach of the following terms as applied
to vector spaces

1} an F-basis of & vector apace V

Given that U and W are subspaces of a vector space V, then
prove that YW is also a subspace of V

Verify that the suheet W of V. () given by
W= {(a,b,c; = vg{ngnja +k,b + koc = 0}

wherz ki (i = 1,2,3) is & scalar,

-’

is a subspace of Vg(?f‘

Hence determine an F-tasis for W.

Give the definition of each of the following terms

i) a linear transformation

ii} the kernel, ker T of linear transformation

(i}

Let T: V - W ke a linear transformation between K-spaces

V and W. Verify that ker T is a subspace of V

Let T:szﬁ} = V_ (%) be s mapping Ziven by
=3
Tle, @y = (o + 3G, 2o - BOL G4 B2

2



5}

BNy
MRz

Show that T is a linear transformaticn.

et T:V — be
Then give the

i} The patrix

i1} The jmage.
a} Show that if T

imT iz a subsp
< Let T: ¥ (IFy

a linear
meaning of each of

— ¥ 5( Fy

)

transiormat

of o

T A JF—
LIGSAY TEAn

imT of

be the

+ v - v,
= =3
- ir
t
2

3 Le . -
the lines

B-spaces V  and W.

yllowing *ermo

aformation T

r trans

F-hases for “

where fu . u and {v L,v_,v.} are
3 P
Vo () respectively. Then
s
deternine the matrix of T relative to
il The usual (natural ) bases for V
11y The basez {-u + n_, "3 -y @
. 1 2 2
and { LR R S 4 v sy
and {v , v V. Y, R
Define each of the following terme as apniied

i)

ii}

a) Let I be the linear
for all v=V, DProve

3 ,2 4’ . L

such that T (v = 0

o) Petermine the nullity

The maliity of

a

I o
all w=y,

3 iy e N —
af the linear

=

3

then

LA

b;.

sformation,

linesr transiormation

(FY and Y
, LR}y and 43

inear tranaformation.

transformation on V such that

Moear

T
4

it

ransformation T.

then

given

{F} and

(3

to linear transformations

linear tranaformaticn.

vy = v
transformation
- T iz nonsingular

ormation



Hence deduce that T is
inverse of T.

bet T 2 V — be a linear transformation of V onto W.
ad Define an esieenvalue » of T

B If V. denotes the zet of all eigenvectors of T belonging to
the eigenvalue » ithe eigenspace of ») prove that V, plus

the zero veotor is 2 subepace of V.

) for the linear transformation whose matbrix is

=g
i
—
D
[SC T S
[

1
- . 1

L~

<

corresponding eigenvectors of A. Hence or otherwise find &
matrix U such that U "AV is a diagonal matrix D. Give the

diagonal matrix D.

Let V be an inner product space over a field K.

al Define
i &n orthogonal sel of nonzero vector {u;} =V

]
{

1Y An orthonormal sat v v o= @

Prove that an orthogonal set of nonzero vectors {vi,vz,...,vr‘
d 1

o

in V is linearly inderendent

Let V be the subaspace of 04,1 containing real polynomials of
degree at most 3. Apply the Gram-Schmidt crthogonalization
o5

’ e ot
rrocedure to the R-basiz {1,X,X°.X"3

)

oyt



I
e
| ]

Given an R-basis W,V v T for V.

efine

ft)

—
"

P

i) a real quadratic form on V

By Given the form 0 + xv + vy = 1
i) write down ite matrix
i1} By an appropriate orthogonal transformation reduce this

equaticn to diagonzl form and hence desecrike its graph
{shape, size and location).



EXAMINATIONS - NOV/DED 1993/94

AND MInt

TIME ALLOWED: M261: 1 HOUR 40 MINUTES
MZ60: 3 HOURS

INSTRUCTIONS:  M281:  Answer question 1 and any THREE(3) gquesticns.
Maph: Answer question 1 and any ¥IVE {5) questions

Mathewatical tables and caloalators are allowed.

National Park recently cz ht twe hzn@ bwedm in a ujngl
ight of eac i mes, is given below.

, i - -
3 21 |46 3 812
! {j}j 3 4 \) (%]
801 a5 ’ ISV 341
1569 B40 z7 443 553
& i) Define the sampling unit.

ii) Define the population.

1i1) What is the varizble used?

o
R

resent the distribution using stem-and-leaf plot,
requency histograms and Box-and-Whisker plots. Use
standard msasures to describe the essenti L charesteristic
of the distrik OULCD I dentify any value which maY

ne considered cutliers. Summarize the results of vour
nalysis wverball

x’U

Q2. MMD party officials ar uonrevnea dbouf the possibility
voter turncut for the upcomlng by-election. One officis
suggested that the party shouid conduet membership deriv
The election committee decides Lo conduct a survey to
determine whether pertv membarship affects vobing pattern.

A randown sample of voters registered for the upcoming

election iz selected. A questicnaire reguesting information

about their vo+1n; behaviour in the last electin is sent

to each voter in the sample ieaponses are collected

ancoymous ly Lo perserve boztid@n ality and improve
spility of respgxﬂe. Koch cndent is aske

cord membe 15 an >te at the time of the

slection. The Survey res are tabulated below.

C



TE HMEMBEE MER-MEMBER HON-MEMBER

pol 5 L5t 29

, 7 or 31

) VUTH G ZZ . 44
Define the variasbles anc on.
'f"rh— + e L1t A s vy Awary Fan +ha  mmyer § ata ‘i
ANAT CONCLUSIONS CAan YVour Qraw iro The rvey datay
Use atatistical methods to support and clarify your

if x and ¥ ars disorvele rendom varizbles. sbow that

(%, - 23y, v o=
; Yy ,
i 4 g gt “y L ™
" \‘- > xF - - g N\ - 1
: s ox v, - > | )y =z v
i H nof LA Tt L
171 171 iz 7

two case

+

19

anitu

shitrary event on &,

i I i o Te Y4
A VL FIE #,
W i, . |
§ ey
b T
Y
; Pih . i
=1 |
RS

55 Mbewe and Mr. Lilanda have established re eputations for
ssing statistics classes. Miss Mbhewe is absent from cla

My

Lj'anﬂﬁ m zees o the classes.

What is the conditional probability that Mis Mbewe wi
he absent from class given that Mr. Lilanda is absent?

y  Ave the abzences of Mise Mbewe and Me. Lilanda indeper
Explain.

provhas pet material. The
distribution with mean 0.8 per day.

La

e a partition

g

t

=y

b ol

And

1L

(“«

ndent?

namber of crders follov

w
&
o

£
.

F<!
—
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ar
o
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ot
ol
sy
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are

11 no orders
i
) v raauired i ot
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ndom variable, X, with ths
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rivution:
i A A
H
| U —
' [ty O.hD
‘; i
i o
H i
G
. i}
i
VN ot ;
i N
i}
21

1V
mat

e

Dorothy
the tine

T R ED)
WmEAT L9

59 Dor

of

excesding 8 minutes is

What is

DJ

in a particular day

the probabi :
Lo meet the orders {(if any)

11
arial will be suff
ived?
from howe
2 with

regular customer of LKOOT taxis. ©She rings
takes to arvive is pormally distribut
ard deviation 3 mimates.

is a
., X.oa taxi
minutes, atand

t

s the probability of her having tc w

The sta Ld»‘
and thse pro

decides
her walting

to t?y
time. ¥, is

sthy




20

~rj
Fad
~t
=4
[o
<
o
]
2]
i
O
P
ot
-
i
o0
o
E
o
e
=

ing a normel distribution.

o

: the distribuotion of T wheyre T = ¥ - X7
' ray be assumed londependent ).

i)

iiiy If both KGOV LEO16  taxis were rung al the
LAME time. What is  the probability thet LROOT7  bLaxd
soniid syrive first?

Y PGSt'Fﬂuhdqe 5t1 dent 1nfhe sthool of Ed studving the
: leoty . The student
tatl f asrithmelic
istics stw are selected
2 day the same eight  stuedents

swe each givern res medi sizad  gplasses of Mosi which  the
Are each given three medium  aized Biagges 0OI HNOBL WDt LOEy
crompt L PJthﬁﬂ~ Eu iately  after consumang  the b@@r, the

.i

werae  grealt  many
nutb were  al

4 -

'3sted belon:

UDENT 1D

u!";LﬂJN D E C/T

Ty 61

e liay

£.4r

i
~ ]
L3 ¢
" LY?

TL-.-‘ (_‘U

(503
o) &3
£9 04
54 59

eI N o)

zet mpﬁt 1 performance?” Support vouar

49 Construct a 95% confidence interval for the difference
in test results.

The manageer of administrative support services is faced with
the vse of word
ining  those

the provlem of training the secretarial staff in
erocaasors.  Th A s@le“‘ for t
zynl ste who wi be mogt eifective as Jhﬂu Processing
The manager is considering didates on
typing skill. However, cept I ;" ?}sOJ!d sR1
required for effective : ing

Y . ccessin

different frowm those requil . Before

seiections the manager deg: a  test  to  deterwmine
het

s

whether akillful typista w fective word processing




ST ATe oo iel

The tvping speed in
3

WO
vp*p perscnne: Tile.

v

rom the typing pool.

18 recorded from each

T ists are given a8  shord
intreductory word processi .t the oconclusion of which
each % typ 1%5 PrEpAres a stanu.ard document . The time vequired 1o
torily complete the docoment is recorded for each itvplist.

W

b

The record for esch ot ig°1i 4 below:

TYPr

TYP; E ORD PROCESSIRNG
’a"t{\t“{‘ ;’.M in} EXERCISE

{minutes

comnl a1

SRR
SEEED Wil

31 43
C TG 85
i oz 48
B 96 27
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G A7 90
H a1 Ve
i Fis &6
o {5 56
ah is ther'e

Processi

. -
e
this rela

o
[
H >
i
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=
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whoofa r,vp an SORE
Calo ata a 5%

)

ng  speed an effective  criteric
idates for word processi
3

=3
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e
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m
&
et
c
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"
ing braining?



THE UNIVERSITY OF ZAMBIA
SESSIONAL EXAMINATIONS NOVEMBER-DECEMBER 1993/94
MATHEMATICAL METHODS (11D AND ENGINEERING MATHEMATICS 11
M310/EM310

TIME ALLOWED: Three {3) hours. '

INSTRUCTIONS: i) There are eight{8) auestion:
: . .

wer booklet whether vou
310 class.

?Wh@v of guestions yvou have
anawer book.

ot
:
el
ot

Solve tie following differen sguation asing Laplace
transforns:

Iy Al 0

i S S
[8 54

given that vil; ; v (L) = &

wmition Principle and give a
~ahe this.

b} Briefly explain the Sy
detailed exampie to ilius

A &) a particle once around an
: liipse has centre at
with semi 1 minor axes 4 and 3
given the force fizld as
\ -3 o - T
- {(3r-dyA2a3l o+ (dx+Ev-Dn vy 4+ (Zrz-dy 4o )k
b Show that the complex form of the Fourier Series of the

function

flz) = m(~7 < x < 1Y 1z given by
B
~1% 1Ty
TETIEETI ol 7 W
;{ 1
RIS
S

[oY



t

o
.
i

e

)

I3

~-M310,/EM310-

Sviefly outline the steps that an Engineer ought to take in cvder
to soive a problem for maxima and minima values by the method

of langeange Multiplisrs siven a function f{x,vy = O which is
subjected to zome constraint condition LR,y = 0

Hernce use vour cutiined steps to find roints on the unit
circie centrad the  origin where the product Xy is a

minimum.,

find the relative maxima or pinima of f{z) = In(x) and sketch

ional region K bounded by x + v + z = a
O or JubbPWlSS, evaluate and give

.

to the following triple integral;

] ; §oix oty Gz rdudydz

stant

Use the series method to solve the differential equation

. s , . 5
tpto as wiuding the term in » .

State (without proof} Stoke s theﬁrem and hence verify the

where 5 is the surface

of the parabnoloid Y2 = x +* bouxaed by z = 2 and & is its
boundary.

Evaluate the following:

1 -2 N
. = COEZR
1

-~ P . 2 - ) . )
T flz,vy = 5 tan  {v/%). show that

)

P



~M310,/EM3L0-

&1 T8y -
R o5T Y ¥V om; v oeitlawd
@5 o

7. Tind the fourier expansion of the wricdic  function  whosge

detinition in one pericd is

Use vour series above to £ind the sum of the series

Lence or otherwise evaluate

Hence deduce that

B. A%} et w = fia,v) be a function of two independent variablesg
n end v oand suppose that u and v oare ¥ ela ted with other
variables x and v by the eguations

x = x(u,v) and ¥y = yiu,vii :1@11:4@ the Jacoblan
determinant u(u,V) of u and v with respect 10 X and v.

P b S FAV
b} Ifu= ~~f~z and wom e
Z bt

- S{v,v)

evaluabe JI{x,v) = G0

1L ( A Y E sz,y)

Hence express v oin terms At w.v and w given that

NG OF BXAMIRATION



SESSIONAL EXAMINATION NOV/DEC 1853/04

MATHEMATICE M340

TIME ALTOWED:  Three!(2) Hours

INSTRUCTIONS: Attempt
and ANY

SECTION A
{(Attempt any three guastions from this section)

1. Define the terms iy a Norwal subgroup of a group G

i1y a Hag towf aotient: grovup of a group G
with respect to a norrmal subgroup N

, a s novesl in G 1f
a union of complete conjugacy

iie)
Lt
Q
&
3
o2
l..J-
)

and cmlv if it
classes of G.

moervhism of a group G into
= ime

ii; Prove that i
a gen P

(b)y i Given that the symmetric group 5_ of degrees D has seven
conjugary classes of orders 1, 10.20,15,306,20 and 2
respectively: and that the alternating group A of degree

subgroup of S_. Further chow that A_ 1s simple.
o7

=

iiv Let & be a grovp such that for some fixed integer rxl,
T P, T - . o P ~
{ghy =g h for all g,ksG. Show that the subset G of
t

i
- 3 ) B " _,‘r'l - - - - o oo .
1 ogiven by G = :auﬁgg = e} where e denctes the

Let G

. e . L - AN
and ist the mapping 5:0 — G be defined by

L
Figy ooz
Flgl = g



how that 2 is a homomorphism; and hence deduce that

L)

o Define the terms i) the e L{33 ¢f a group G

i1} an abelisn group G.

{a) 1) Show that Z(8) is a normal subgrooe of
i1} a subgroup of the centre 72{G)
tha it is  generaied by 2
5 N in G, then G is abelilan.
by 1) Show that if a g has only one element of
order n>l then a non~trivial ceuntre
i1} bShow that if G is a group which has no non-trivial
zlement of order 2. and is =such that
Xy = vyx foroall wmy = 4,
then G 18 an shelian group.
2. et E he s fﬂmﬂddeLVQ ring wvth 1. Define the following terms
i ; 1M
iid in Rixl.

deals.
ith 1
eld

[

{a)y 1 Pffve that a £
iow tha

Qnﬁ M is an ides

then M i3 maxima

134 ¥ contains no proper i
if R is a commutative ring wi
2l in K such that B/M is a i
Loin R

ii}) Ghow that if W

iz a field and f(x) is an
irreducible sial over T, then <fix)> is =

mazimal

(&) Determine whether the given ideal <f(x)}r is meximal in the
given ring Rizl. Hence 1ndxoat@, with full
justification, when R{z1/<f(x)> is o field:
2

.
i} 5 NS
EEESRY ,-.,.2 .
11 Ny + s

)
13 L, 3 t
iiiy 2w A I I
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4. e amn ot the Lyd
(i
(11 an irveducible element in E.
a) i) Prove that in R every prime element is irreducible
Factorisation domain.
F}PULut is prime.
[s}
oo o4 f5EeS 3-:5{_ : £
i1y 2 and 7 + %5 apre irreducible elements in R.
SECTION R
{Attempt any two questions from this section)
5. Give the definition of each of the following terms
i} a metric space 11y an gpen et in a metric space
A i} Given that each point x of X 18 an ordered pair

of the form x = (3 X, 1s where X, and X, are reals.

then show that the fuqctiﬂﬁ A:¥xX = K from X 1o
the set of reals F given by
2 1.2
, 2
Jem,y o= é Loix,o - v J
&1 w4 ! - 4‘

i1y Show that in any metric apsce =n cpen ball is an
open a



e
[
Nt

SR P . : :
A e oceiined as in question B{a) part (i);
d, be a second metric on X defined by

A open set in X

it & a contd LIS

3 to topol ogical

~~4
o
s
e
B
2
4
1
'
)
faad
o
fo9
~—
e
»
1
a
]
i

A

cartesian product of the sets

. th
denote the i

‘%) = x . Then
i

the prod topology

Show that 1f Y is a set and = is the product

topolegy on the cartesian product X of two

T v, then

if and oaly
contirncus

Y. Then define the

Y coindoced by the mappiag

fving that you have indead

obtained & topology



if is a uur7@<11VP
WAL the 1 K

1, then prove that T_ is the
i

topology on Y coinduced by «.

2
Q
lad
(VN
CD

" ~ ~

2t 1 = {0,111, the closed wnit interval in K and let
f: ] = X = {a,bi be o map defined by

1
fa 0= oz =
foxy =« . -
1 = oy £ ]
&

- ., [ K -3 . - Ats : e 1., - — I ¥ : 7
where the topoiogy on X is given by v = {&F,{at,.xn}t.

Then show that f as definsd 13 a guotient map.

Begular and

o

Define the terms (1) Hausdorff (ii

{(1idd compactness, when applied to topological spaces.

. subspace of compact  space

el
il
—
3
3
]
<4
T
Pk
£ g
IR
ot o
]
0
-
O
T
&

e
iude
-

By using the fact that in a2 Hau dorff spac
compact set and a point not

by open sets or otherwise,

pace compact sets are clos
compact Hausdorf{ apace 1

ir
show ?hdu fn a
ed. Hence deduce that
s regualsr.

s W

{X,¥ .1 be a topological space, where

o
Y

b 1) Le:

o

Eind L = ‘I.’#"ﬂ{'a}a {1\1‘ ER e-lﬁ;‘:f-

Then determine whether (X,TK} iz Hausdorff?

Pesalar’




THE UNIVERSITY OF ZAMBIA
SESSIONAL EXAMINATIONS NOVEMBER-DECEMBER 1954
M330 ~ REAL ANALYSIS 1

TIME ALLOWRD: 13Y Three hours

INSTRUICTIONS: Answer any filve{h) auestions.
State major resuli(s} ussed where necessary.

i. &) Define the following:

i 1imit point of a =set.

}-..J
i
P
,
o
ot
$
b
r..l
Q
b
red
O
b
o
(-L
s
by
O]
i
“rs
T
Lets

iii} open set.
) Prove the following:

i) The set @ of rational numbers has no interior polat.

e
pote

It A is a3 subset of B which has the
bound that is ant in A. then the gr

"L)
ul]'u

at egot lower
et lower bound

than

H 4
e
H .
SN
]
5
0
jas
ust
ey
.
@
o
o}
Ui
I
ot
®

jars
Fa

apern.

o
[y
et
o
Q
v
O]
1

divergence or convergence ol the following
B g . 3 }""772 Ty

.. 3 L S s N

13 L a7 (ii

umg
|
!
l

2. & Tiefine the following:
i} Composition of two functions.

iiy limit of s function at a point.

1y

unction at a point.

[
o
1=
.
o
o]
i
ot
l..)'q
=
o
e
ot

e}
[
T,
1



gy Prove
13
11
L3

o et 1

i)
i1l

e

W

(R Lot
ARsS

the

f‘:‘ l ;‘"{:&‘,_fx_?j. e

It

T
B

continuo

o

is continuou

£: L& continuous at

w3 a

T

oo
r Vv

- o F

T (V) ism open wheneve
If £: A -V is One-one
Onoa se

~t — 3 e w - - .. - i o
@en Lhe nvars UnCTion

(X)) = &Zx -
the range of f
the image of (-1.2) under

the inverse image of (-1,

= the following:

convergence of a segquence
convergence of an infinit

sequence of

converg unito

¥ m,n with m

COnV

A power series Ear

whers
3
4
5 A e

=
Lo

at P and that

f(F),

Suprose

then gof is

ntinucus if and cnly if

is open.

and onto conbtinuous

,
continuous.

LY
2 ) under f.
e series.

rmly

Z n & Nand ¥ x = §,

erges absoclutely for |x
H
i
| converges
H

convarge

function

of functions.

ns defined on E then

on E if and only if

; U
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SR T4 5 - S g 3 \ - - - . e o Fl,
iy It is a sequence which converges to & and {b i
PAFS

CONnVerges

convers

R el T - 3
> ) et f (x) = ®x7 and E = [0, 13,
AL
¢ Lha 0=z ow w3
T fixy = 4
> - o 1 1 e - 4
L b ¥o= %

that

£

.
orow

uniformly.

il open covering of a set.
il compact setv.

111) & function has a derivative at a poinb.
b Prove the following

/%

bounded on A and there exists points X,
such bhat fix 3 % fix) Y= = A and f{=x )

Poeota,b)y = £7(FYy = (&

ihay It anﬁ is & semence of functiones defl
‘fr.f}:)g = Mﬂ for no= 2,1,%2,... and the
A Y | ]
(% (£
> N” , then L tnax; COnVer

. 1 - &
izl iy
on kK.
) State the mean value thecrem and use 1t

O

n B but not

ned ocn B with

seyries

[
i

uniform

Lo approximabte



the fol

"

i

iii; Conditional convergence of an inf

i} 1f £ is monotone increasing on fa
Riewmann integrable on [a.bl.
11y 14 f is integrable on [a.b) and i
b
function F oon f(a,bi then | fixidx
£t
iiiy If £ iz continuous on a oo
COmMPAact .
@ [>)
. o ) 3 2N
el the detfin spow that S—r5
in + 2
- find the smallest
SR DR 4 5 0

')

(DWW

4 -
oll

£

a) Detfine the

ive series.

% by A e

- LOeIn L 18

f = F for aome
Fibky - Fa;.
H. then f(B) 3
o it




ey Ly

o S SRR SO
TOLIOWLINE

i} If £ is continuous for each X on a compact set B,

then £ is uniformiy continucus on B.

ii)

and monotone decreasing.

b

) State Tavlior’s theorem and use it Lo approximate




THE UNIVERSITY OF ZAMBIA

SESSIONAL EXAMINATIONS NOV/DEC. 1993/94

M410 - Theory of functions of a complex variable

TIME ALLOWED: THREE (3) hours.
INSTRUCTIONS: Attempt any FIVE (5) questions

1. a) Prove that \/2{z| > |Re z| + {Im 2|

b) Let 4* be the triangle with vertices at z = 0,z=1and z = 2.
(Sive the parametric representation of 7, oriented in the counter-
clockwise direction.

¢) The hyperbolic cosine and sine are defined by
Y, o . o,
cosh z = 5(_6" +e77), sinh z = ;2—(6 —e7 "),

express them through cosiz and sin 2.

2. a) Assuming that f’(z) exists, find the differentiation formula for

d ‘ .
8—-—(01 ()}, where C is a constant.
Z
b) Show that the function
w=e*(zcosy — ysiny)

is harmonic and find a corresponding analytic function

-

f(2) = ulz, y) + wlz,y)



a}

b}

b)

b)

c)

By writing w—c?+r? = ﬁexp(qu;, where a and r are real numbers

and > 0, show that the mapping w = #* transforms the circle
z= rexp(_aé?) into the limacon p = 2r{a + r cos ¢)

Evaluate the cross ratios (z, 2, 1,0} and (w, 1,0,7). Hence or oth-
erwise, find a mobius transtormation that maps the points 2, 1 and
0 into the points 1,0 and 1, repectively.

Let v be a closed rectifiable path in C. Prove that for each
w € C — v, there 1s an nteger

e dz
2m y 7 w

niy, w =

Hence or otherwise, show that if G is a tegion, f : G — C 18
analytic and 7 is a closed rectifiable path with v* C @, then for

al weC -+
: g 1 {2z
n{y; w)flw) = %/ —f—(——ldz.

'y"—'“)

Let 1 < p < 3 and (t) = pexp(it),t € [0,27]. Evaluate

/ 4z 43 ’
7 Ty (V¥4
y 2(z +2)(z - 3)

Represent the function
: 2241
I{z) = ,
‘ 2z = 1)z~ 2)
in a Laurent series in the region 1 < |z| < 2.
Let
1
22} = e
7z 23z +4)

Find the residue of f at z = —4, i.e. find Res(f; —4).
Let v be the circle |z + 2| = 3. Evaluate

[ dz

Joy 232+ 4y

N



6. a) Usmg the contour shown here,

[

N3 ”(::/ e

NE B e
\\ \
\
Nt

oy "
[ p\

5y

apply the caleulus of residues to prove that

/w de _ 2m
o 23+1 0 33

b) Establish the integration formula

/2" G 2
Jo 5+4snd 3

7. a} Define a meromorphic function on an open set G C C.

bj The argument principle states:

Let G be an open subset of C and f: G — C,, be meromorphic.
Let o € (G and » > 0 such that

{z:]z—a| <r} C G. Let v be a rectifiable closed path,
C{z:|z—a| <r}. Let py,ps, -+, pm be pales of f and

Ziy 22, ..., 2k be zeros of fin {z: ]z — g| < r}, listed according to

multiplicity. Then

f,(Z) k m
Zm, f(;/) dz = ;n(% zj) 5_;”{% 1),

Prove the argument principle.

7\3



¢} Rouche’s theorem states:

Suppose f and ¢ are meromorphic in a neighbourhood of

{z : |#=a| < R} with no zeros or poles on the circle ¥(t) = a + Re*,
t€l0,27] If Z; and Z, are the numbers of zeros and Py and P,
are the numbers of poles of f and g respectively inside v, counted
according to their multiplicities, and if

|7z} + alz)} < lg(2)] on 7",

then

Zyg - Py = Z,— Py

Prove Rouche’s theorem.

END OF EXAMINATION.




TIME ALLOW

INETRUCTIONS :

1. Brief

Z. What
a7

i)
=
ii)

Prove

THE UNIVERSITY OF ZAMRIA

2

ESSIONAL EXAMINATION NOV/DEC 1993/94

M420 - ALGEBRA(II)

ED: Three (3} hours.
re are two(Z) sections in this paper, sectiocn A and
ion B. Candidates are advised tc answer any three(3)

i
fye! stlons from section A and any two{2) questions from
section B. All guestions carry equal marks.

SECTION A
{Answer any three(3) questions from this section)
ly explain the following terms as applied to a finite group G:
1) G is a solvable group
ii) G is a nilpotent group.

Prove (by induction) that for a group

G, if G =G = G, = G, =G, > ... > G, = {el is its solvable
series then G = G . | where

o Lt h . v e
i denotes the 1 derived group of G.

Hence deduce that G iz sclvable if

Lored
PR v m

{3 = {e} for sume non-negative n.

s

i) Giken that H is a subgr ‘oup of a group G and if G is
solvable prove Lbat H is also solvable.

ii} Ghow that the order of the center of a nilpotent group
G is atleast two.

do vou understand by the following terms as applied to a group

a gylow p subgroup of G
a permutation representation of G

that



. . o,
3 a prime and p is the

hen G contains a sylow

If G is a grovp of order w1 where Pl
highest power of p that divides n. &

p-subgroup of crder p

there is no simple group of order 500.

Define the terms

b}

1}  a semi-direct product of the subgroups K and @
11)  an ipner automorphism =

Prove that if § is a semi-direct rroduct of K by @, then ther
exists some p:y — Aubt{¥) such that

i Show that Inn(G) is normal in Aut(Q } and that

i1} OChow that if H is a subgroup of a group G then the
centralizer of H in 4 is a normal subgroup of the
normalizer of H in ¢ and that
N, (H)

T — :‘E ‘v'&._ 10 Y
FG(H) ut{H

Define the following terms

i}

)

a leit B-wmodule M

an lrreducible matrix representation of G.

Prove that if § and T are representations of § with
representation spaces U and V respectively, then if
U is isomorphic to V as KG-modules S is equivalent

b

re

. - ) 4 ) —1 . . .
i) Let G = <x,y/x = 1; vxv = X > be the dihedral group

of order 8. Show that the map T:( — GL (LY given by

i C’ had I - . X (} -
toxy = { A ! atd Tiys = t 1 J
A 1

9
4 A

defines & representation of 4 of degree 2.

(o]



(%al

n

i1} Determine the left regular representation of the
dihedral grcup of order §.

SECTION B

{Anzwer anv two (2) questions from this section)

)

Briefly explain the following terms:

1y a mindmun polvoomial m of o over a field K
i1y & gplitting fisld for a polynomial f£={K[x]
a} Prove that

1) If o iz algebraic over a field K which has m as its
minimum polynomial, then m is irreducible.

i1} If o is algebraic over K with minimum polyvnomial m, then each
element in Kz} hasz a unigue expression of the form
»{et) where 3 is a polynomial over K.

b) Show that for any given polvnomial f = K{x] there existe a
splitting field for f over K. obtain the splitting field for
a polynomial

. 5 3 2
f(x)y = %7 - 3%+ x7 - 3 = Qx]

Define the following terms:
1) an expopent (G of a finite group G.
i1)  a prime subiield of a field ¥,

a) Use the fact that any finite abelian group G contains an
element of order e(G) to prove that when G iz a tinite
abelian group with () = |G| then G is a cyclic group.

b Prove that for any prime p and any positive integer n,

. n L ao s ) s o
F has p elensnts if and only if F is a splitting field

-1 . — T
for x(x¥ " - 1) over éT where q = p

What do vou understand by the following terms?

i} a radical field extension LK

ii)  the galois gronp [LiK  of a field extension L:K.



Prove that

5.} If LK i3 a radical extensicn with normal closure M, then

M:K is radical.

b) If XK is a field such that chark = G and L is the splitting
.y - . v - jol X ~e .
field for the polynomial x© - 1 over the field K, where v is

. f P . 9.
a prime mamber, then jL:K  is abelian.

fod
~ . | 3 . X .
show that f(x) = x” - 4x + 2 is not so

END OF EXAMINATION.



THE UNIVERSITY OF ZAMBIA
INATTONS  NOV/DEC 1994

M430 BRAL ARALYEIS 11

ME ALLOWED: Three (3) hours

STRUCTIONS: Attempt any FIVE(HY Questions

s
=

[al

fod

—r

'

et

i1} a countzble =set.

Let A and B be denumerable sets.

e get Ioof the patural munbers.
if B-A is finite and ASE. Show

i1y Let d be a metric on X.  3how that di defined by

d {xz,y) =

i also a metric on X.

Detine the space &,

fote

orem {(without proof).

—

f s a metric space whose
o

s prove

4
L



prove Cantor’s intersection thecrem for nested
of sets in a metric space, clearly listing the
vnder which the theorem is wvalid.

Al 2

A and B for the seguences
| JEE .
3 i (3

Y
& = [0.2 7 and B In,®) in the asual real lire K.

u it LR
Reconcile vour conclusion with ator s Theorem in these
two instances.

'

et A be a subset of a metric space (X,d).
P

rove that dlz.A1 = 0 <=» 1 = A {the closure of 4).

Define (1: a bounded linear operator Tik =Y
where X and ¥ are normed linear spaces.

T

{133 #TH for anch an operaior.
(i I such that A and B are bounded. Prove that

= osup A+ sup Bl

sll bound&d linear
‘thﬁt ,.7\, ‘l) iz a

Let yvei where g is such that - + = 1. Define

£
e
WL fer

k\,"}_’f
* T
-
}‘_("};l»‘} \7_;.
A £ i b
L
170

Prove that ¥os and BE B = Byl

Prove that ¥ x,v in an inner product space X,

2 P
i :
i

2
1 Frryd T o+ Byl

i13  State the polar identity for inner product norms
{without procf

¥

Prove that the normed

of complex numb
ig an inner wrod %

tor each ==t

e e o e

. % ....% be orthonormal vectors in an inner



wrodact space X a

% Theorem (without proof)

that with the usual metric cn ¥ the relation

3 &

oY

defines a contraction of [0.1)
Theorem +

to derive an approximate root of the agquation

2 i
¥ b x - Tz + 1 =0

in {0,171 correct to 3 places of decimals.

END OF EXAM




THE UNIVERSITY OF ZAMEIA
SESSIONAL EXAMINATIONS NOV/DEC 1993/94
M 440 - COMPUTER SCIENCE 11

ALLOWED: 3 Hours
JCTIONS: Answer ANY FIVE(5) Questiocns

DO NOT ATTEMPT MORE THAN FIVF QUESTIONS.
. INDICATE THE QUESTION NUMBERS ATTEMPTED ON YOUR

ANSWER SCRIPTS

.} Define the iollowing

1} Virtual Machine
i1} Translator
iil) Assembly langusge

iv}) Computer Architecture

)} Give atleast two reasons why you would write a Program in
Assembly Language than in Pascal assuming the same level

of your Programming Competence in both Languages

J A certain University wishes to acquire a translator
program to be used with teaching a Programming Language like
Pascal to first year students in a Micro computer envirorment.
They expect the translator program together with its entire
software environment to support interactive Trogran
debugging, tracesble program execution and ease of control
of programs during executicn.

i) List four reasons in your choice of advice whether a

compiler or an interpreter iz suitable.
i1} Name the method(s) of execution associated with both

High and Low level languages.



THE UNIVERSITY OF ZAMEIA
ESSIONAL EXAMINATIONS NOV/DEC 1993/94
M 440 - COMPUTEE SCIENCE 11

jop}

i ALLOWED: 3 Hours
[RUCTIONS : Answer ANY FIVE(S) Questions

{a}

{b)

DO NOT ATTEMPT MORE THAN FIVE QUESTIONS.
INDICATE THE QUESTION NUMBERS ATTEMPTED ON YOUR
ANSWER SCRIPTS

Pefine the following

1} Virtual Machine

i1) Translator

iii) Assembly language

iv) Computer Architecture

Give atleast two reasons why you would write a Program in
hLssembly Language than in Pascal assuming the same level

of vour Programming Competence in both Languages

A certain University wishes to acquire a translator

program to be used with teaching a Programming Language like
Pascal to first year students in a Micro computer envirorment.
They expect the translator program together with its entire
software environment to support interactive vrogram

debugging, traceable program execution and ease of control

of programs during executicn.

i) List four reasons in your choice of advice whether a
compiler or an interpreter iz suitable.
i1} Name the method(s) of execution associated with both

High and Low level languages.



[N

(b}

_.N.
1
~

Define the following terms as applied to computer storage

iy  TAG BIT

ii) RAM

1i) ROM

ivy SECONDARY MEMORY

Explain in chronological order, the operation of a typical
processor of a computer in its fetch-execute cycle pointing

out the registers concerned. [No Diagram(s)]

A computer memory consists of cells each of which can store

l""‘
!"'ﬁ

mation and be referred tc by a nuber called its
address. If a memory has n cells, it will have 0 to n-1
addresses. If a cell conaists of r bits, then it can hold

2" different bit combinations.

leing this idea give three different organisations of a 96-bit

nenory .

A student speculated on building a computer to be equipped
with 287,144 bytes of memory but this surprised his class
mates who wondered why he thought of such a peculiar number

instead of an easy-to-remember number such as 250,000,

Justify his cholce of 262,144

ra



a) Define the following

4 Time-sharing Svatem

List five desirable functions of an operating svetemn and

which of these function{s) would be least prominent in a

Micro-Computer Environment.

ual

riefly explain vour choices

efine the fcollowing terms as applied to

=

1.

Storage and access.

Seek time

Latency

Recording Density

Distingnizsh between Msin Memory and Auxiliary Memory.
How long dees it take to read an entire disk with
800 cylinders. each containing five(d) tracks of

32 sectors? First, all the szector of track O

are 1o be read starting at sector (O, then all the
sectors of track 1 starting at track 1 and so on.

The rotation time iz Z20ms and a seek takes 1Dms
between adjacent cylinders and 50ms for the worsi case.

[Calculate beth the best snd worst cases of the read

5} Define the following terms:

Data Independence

Data Manipulation Language

Normalisation

T a seek takes oms between——adiacent

C



emploves file that

Below is an

coptains information about the

(A}

) Mg

warehouses where employees work for use hy  the Engineering
and Payroll department of a companv. The file name is WARE
HOUSE-EMPIOYEE and it contains the fields as shown.

WNUMBEE 1TV FLOORS EMPNUMKER SALARY EAR
WHZ NEW YORK A El 22000 1983
WH1 DALLAS 3 E3 21,000 1990
WH2 NEW YORK 5 fi4 25,000 1887
WH3 CHICAGO 3 E6 23,000 1988
WH1 DALLAS 3 ET 25,000 1988
WH4 NEW YORK 3 E8 23,000 1987
WH1 DALLAS 3 EQ 24 000 199¢
WH4 NEW YORK E10 26,000 1986

N TR (s MEsiR oLo&R WdM}l;
ttw MRIor ch%?tixz feao
AANVCGn

ot 1l

1o f}echK ek hayve
41? %
pe Ilne *hr foI}ﬁw1ng as applxed

.....

{iv} Subnet

For a local Area Network to work,
rroperties for its operation.

Discuss briefly the two types of

the Implementation of a Local

Broadcast and the point to point

two topologies discussed, state

“1)(/(:'\5 ﬁ-k claf

to computer networking

ﬁ(e Couvld be St
i owls R M TSs

§§QIZ\ PQA~4\GGM¢a}
hov afeoe -

it must posses some useful

List down these properties.

Network Topologies used in

Area Network, znamely the
networks. Using one of the

in which category Egﬁrnet

networs falls and Explain briefly how Ethernet works.

ist dowm and

b

describe the stages

involved in the design and



-

Impiementation of a System. Draw a diagram for your
description

oyvstem Maintenance is & vital organ of the life-cycle of a
aystem. Distinguish the tvpes of system malntenance that are

involved when a system has been delivered.

13 Distinguish betwsen User Documentation and System
Documentation. Briefly describe Problenms with
Documentation.

{ii} Describe  two Commonliy-used  program des

o)
€5
Jede

Hrs)
=



THE UNIVERSITY OF ZAMBIA

ME ALLOWED: 3 THEEE HOURS
STRUCTIONS:  Answer any five(5) questions.

statistical Tables will be provided

{ay Buppose that Xl’ .. %, are independent random variables

et Y, = X, + Xy ¢+ Ky. Yo = Xy - X, and

Y, = X] - X,. Find the covariance and correlation matrices
o

. e 4 ST 1 - O
(b} If ¥X'N.(r,7y and {0 = 1 S J, what would be the

function of the randowm vector X

‘,:
-
Fh
ot
ot
]
=
o)
5]
[47]
b}
jars
[¢i]
=
5
]
i
s
ot
o]
DS

of part (b) is

]
(nad

5]
V¥
]
e

.
P
e

r
i
B2 s
%
}
i
o
f-—
'

FR
i l v 2

find a constant ¢ such that p[le - 3x, + A,,c] .85

]
N
*,

en below be a product matrix X7 X, where X



3.

En experiment iz conduct
Y are recorded at si

Fou

e

.

TL oo 7 Toda om o wpeter A f A mee w4 hat 4o
if each of Y ....E‘ is a vector of dimension p. what ig the

. L — N
maximm rank of H- Where

} V Y’! + R Y"f

R A

When a variable or factor iz added to a
:an the sum of squared residuale (8S3E)
total sum of squares (85T) increase? Explain.

A student working on's swmmer internship in the econcmic
research office of a corporation studies the relation
between sales of & pr (Y, in millions of kwacha) and
n (X in mill

populatic it of perscns) in the firm's 50
marketing districts. He wanted to employ the model

Y, =5 4+ 3,5, + &

T 7 B 0K s,
where ﬁﬁ and &, are parameters and =.oAce independent

o A S
N{ firet wishad to test whether or not
i and X existed. Using a time-charing
oo service available to the firm, the student

a0 an interactive simple linear regression program
21 ined the following information on  the regression
COe ernts: '

parametey Estimated value 95% confidence
limits

Intercept 7.4311% -1.18518, 16.047¢
Slope . 7TRED48 L4REBRG, 1.08721

The student concluded from these results that there
i a reiation between YV and X. Is the conclusion
&awvan++d Explain. What is the implied level of

ionificance?

o~
e
—

(ii) Someone guestioned the negative lower confidence limit for
the intercept, pointing out that deChd sales can not be
negative even if population in a district were zero.
Discuss.

ues of an explanatory variable X.

h values of a criteric variable
“ N
t the "irst value of X; two

ix se
ohservations of Y a
w +

observations of ¥ at the second value of ¥: three ohservations

at the third value of ¥: five at the fourth value; six at the
fifth and wo at the sixt A regression line is fltTPd to these
data points and the following sums of squares caloulated.
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1450

Total uncorrected 570
Regression 190
Lack of it 250
Pare ervor 1680

eedomn for each sum
fit

Find the correct degrees of
’!—.-.;

fr
nd perform a test of lack of

An experiment was conducted in  the

school

of squares

of

vaeter

inary

edicine of UNZA on the effect of the ticks on cowz. The weights
of offsprings of twoc groups of cows, one group consisting of
resistant mothers and the “'Her group consisting of  susceptibls
mothers, were recorded in the first yesr of their births. A plot
of weight versus age of ons ﬂru*; in the @ampla exhibited a linear
relation. The results of the linear regression using MINITAR  are
shoun below with some values missing.
The regression equation is
+ 87,500,
PREDICTOR CORR STOEV T-RATIO
CONSTANT [1) 1.283 2.79
e, 67.917 (i 33,28
4.
3 = RS = 29.1%
ANALYCIS OF VARIANCE
BOURCE DF 58 MS
. ep o P
1 45507 IR
RRROR 41.5 4.1
R
4 Iy
i v |
o i kg
C} = Age in vears
n (i3, (id), (Liid. (i), (v
) n cbservations, let %i and e he
the ith error term snd residual respectively.

2
o
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(53 ine the following:
residual and standardized residual
(113 Disting:ish hetween
E(= ) =0 and e = 0 where
3
Z e,
- - €y ,
e = i
n
{aY Consider 1Y = X2 4+ =, where ¥ has full cclumm rank and

fu
z
ol . ~ . s &
the variance - covariance matrix of = is I=.

Let 7 and f be the ieast aqugrea eetimates of the vegression
oo cienuu and predicted values of Y respectively. {ﬁt

£i
e =Y - Y be the residual errcrs of prediction. Prove the
£0llowing statements:

£31) 'Y = 85E where S5E is the sum of aguared errors.

(LY For each of the following models, indicate whether it is A
linear regreasion model, an intrinsically linear regression
model or neither of Ln&se_ In each case of an intrinsically
linear model, state how it can be expres ed a3 a linear model
hw a suitable transformation.

L

P 1 ) - - v rda _
{iy Y. = 40 4+ 3% 0+ SAX - LE U A
: 1 o 171 B 7 3l i
{11y Y, ==, Exp 7 wF,X,, .

‘ i g EEP L, ‘1X11

;322 h¥l — 3 » £ 7 o
{(iiid E A, Pt pzxig PoE,

(c) Let X, and X, be two predictore of a response variable Y.

Uonsider the following models

" AN
o F L

Yoo b o+ b 4o {Raduced model )
U 44
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NS P A g -y 3 I R
BN A, are wncorrected, A Yo &

(ay In a full rank linear regression model wiith n observations
and k independent variables, state. heow many degrees of
freedom are associated with the following sums of squAares:

)

{iy Total sum of aquares

{(1i) Total sum of squares rcorrected for mean
(iii) Sum of squares for regression

(iv) Sum of squares for errors

(v} Regression sum of squares corrected for the mean.

. A group of 21 peavchiatric patients were randonly assigned o one
three drug treatmenis as shown below. The data elements are
the changes in behavicur over a six week interval.

Trug Treatument

[ Iy

= ?

W e

s -

) t

4 5 “
P 4 j
r bl (s
s Ly <
3 e~

¥ & a

Asguw'xg that the changes in behaviour of a patient are described
by the linear model

V. T4 AL 4 e = 1,273
L To 3 i3 toes
I 1 L’ Lrd
N T
-1 e S oo e St er e b 5 v, + Y .-1";-" b D e e PR S . 4
wee Y. 18 toe coservaltion on the 3 patlient receiving drug 1.
P

Uzing the above data, express the model ejuations in matrix form

o
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Six workers who
selected
randomly

Bonus

ND L‘jl SRS

the
study:

the end of

of parsmeters with 2. the (1 +

ffect ou chary 4
state the a Aundmptao

SOme oW

11:_1‘{
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H
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ST
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)
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i

0L le
Of the three drags are equs
on.  You may use that S5E = 14,

the hypothesis at

Ministry of lec shes to test the effect on absentesism
a bonus schene by bui d1 ng trrde union officials
unionizmed wori in the oulldjnd trades. A rilot study

e

scheme 18 v
mechargcs: T
have comparable joP . :
from ﬂJ‘h trade. Three workers from ezch trade are

elec

e

igned to work under the bonus scheme for the
vea ihe remaining three will work under normal conditione.

one hp total dave absent from work for any

sach of the twenty four workers in the
,irted below:

Plambare Electricians

,.5
igo

O
=%
ot
T
~
153

£0,49,50 43,26,38 48,38,46 37,422,729
85.67,82 83.65,81 58.71,61  80.986,R2



[¥F s
b 4 f./{}

PN 2 3 . . - ne - - Ty o=,
vou will use to suslyse the

Lbe bonmizs achems and of the trade type.

(i1} Complete tne following ARQOVA table:

Source a5 DE Ma
Ronus 5400 * *
T 2 )

PUrRAes 118 + ¥

{iii) Test whather the bonas scheme is effective.
iv)y Test whether the trade tvie has anv effect on absenteeism.

{(v) Test whether the factors trade tvpe and bonus scheme
interac i Confirm veour flndlaga by a graphical
representetion of the data.

() 2 factor study involving three levels, demonstrate

;iluaT plots would avpear if : erroYy variance

over Lime. DeveloF another set of residual plots

atis els correlated
T 'k oLevel? If

the effsct of srrov fﬂrma e}
Do the residuals suam Lo zero

-3

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SESSIONAL EXAMINATION NOV/DEC 1993/94

MATHEMATICS MS10
NUMERICAL ANALYSIS

[ 3Hours

'RUCTIONS: ANSWER ANY FIVE (5) QUESTIONS.

(a) Write an algorithm for the bisection method of finding a
solution to f(x) = O, where f is a continucus function defined
on the interval [a,b], and f(a) and f(b) have opposite
signs.

(b) Determine the minimum number of iterations necessary to

3 —
approximate ¥ 25 in the iterval [2,3] to an occuracy of
107¢ using the Bisection method and find the approximation

using the Bisection method.

a) lLet Xa,Xl,..., Xﬁ be distinct numbers and

P(X)=a, +a (X-X)+a,(X-X) X-X)+.

ra (X-X) (X-X)X-X) ...(X-X

n-%

3.
Suppose a function f is such that for

k=0,1,...,n, f(Xk) = P(Xk). Determine the constants

8,5 @, and a_ as divided differences and write down the

2

divided difference representation for general

a,, k=0,1,...,n



1310

b} Consider the following table of divided differences

X £(X) 18%pp 2ndpp 3% a%Ppp
1.0 0.7651877
”
1.3 0.6200860 -0.1087339
~0. 5489460 0.0658784
2
1.6 0.4554022 ~0.0494433
? 0.0680685
1.9 0.2818186 9
~0.5715210

2.2 0.1103623

i} Find the missing values of divided differences

ii) Approximate P4(2.0)

a) Let f be a function defined on the interval [a,b]. Derive
b

the Trapezoidal rule for approximating j f(x)dx,
a

assuming that f is twice continuously differetiable.

b) Use the Trapezoidal rule to approximate the value of
2.6

j f(x)dx using the
1.8

following values

X i 1.8 l 2.0 l 2.2 1 2.4 ' 2.8

f(x)l 0.21146! 0.10989 ’ 0.05219 l 0.02269 ! 0.00804

—-1 1 2
a) Find the inverse fo the matrix 3 -1 1
-1 3 4

using the Gauss-Jordan method.

Hence solve the system of linear equations:

-Xx +y + 2z = 3
3x -~y + =z = 2
-X + 3y + 4z = -1



b)

M310

Given the system of linear equations:

?.x.1 - x, + 1():{:3 = -11

3x2 - Xg + 8x4 = -11
10xi - %, + ng = 8
-x, + 11x2 - Xq + BX4 = 25;

find the first three(3) iterations of the Gauss-Seidel
method using X © = (0,0,0,0)".

Use euler’s method to approximate the solution to the initial
value problem

y':%(y2+y) . 0<t<3, y(1) =-2, h=0.5

Calculate two (2) steps fo the solution of the initial value
problem

v oz fLy) = w3, 12 xE2, vy =1

with step size h = 0.2, using the fourth order Runge-Kutta

nethod.



a) The following data has been exverimentally collected.

X i 1.00 2 1.01 i 1.02
; !
fx) | 127 | 1.3z | 1.38
i)  Approvimate %§ at the values X = 1.005
and X = 1.015
2
ii) Approximate f at the value X = 1.01
dx

b) Apply the taylor method of order four to the initial value

problem

Vo= -y 4+t 4+ 1, 05t£1, yi0) =1

h=0.1, N = 10. Do iterations up to t = 0.3 with

values accurate to 7 decimal places.

END OF EXAM



THE UNIVERSITY OF ZAMBIA

. UNIVERSITY -EXAMINATIONS - AUGUST 1994

NR 435

NATURAL RESOURCE ECONOMICS

: THREE HOURS

RUCTIONS: ANSWER QUESTION ONE AND. THREE OTHER QUESTIONS.

- - R WS S0 S I IR G G AN T S W e e

The following questions relate to a forest from which
timber is to be obtained:-

(2) with a discount rate of 25%, what is the present
value ~f K100 000 obtained for each unit volume
cf timber sales

(i) 5 years from now
(ii) 10 years from now
{(iii) 20 years from now
(iv) if the K100 060 is earned indefinitely

starting from year 5?2

{b) with a discount rate of 75%, repeat the calculations
in a(i) to a{iv}.

{c) given that the source of discount rates is the
social rate »f time preference (SRTP), state and
briefly explain the implication ~f a high discount
rate for the future generations in terms of
availability ~f the forest.

With reference both to the modern economist’s view and

to that of old-time eccnomists like Malthus, discuss whether
~r not there are "limits to economic growth™ imposed by
natural resocurce availability.

Describe and analyse how marketable pollution permits
can simulate 2 commodity market to arrive at an optimal

level of pollution £or a2 waterway like the Kafue river.

[2ccaces



-2 -

out line Hotelling®s model for the optimal depletion of
a non-renewable natural rescurce and explain the ecffect
of a decrease in each ~f the model's influencing

parameters on this optimal depletinn path.

Outline the negative externality situation that ean oecur
in an open access fishery in a Aeveleping eountry and
discuss the options for intervention which a ragulatory

authority can use to solve these externalities.

Using four detailed examples, discuss the role of

substitution in solving energy resource scarcity problems.

-, - < s - - - - 428 W aeD @S e ———— >

END OF EXAMINATION



UNIVERSITY OF ZAMBIA
PHYSICS DEPARTMENT
UNIVERSITY EXAMINATIONS - 1993/94

P250
(CLASSICAL MECHANICS)
E:  THREE (3) HOURS MAXIMUM MARKS: 100

TRUCTIONS: ANSWER ANY FIVE QUESTIONS ONLY. ALL QUESTIONS
CARRY EQUAL MARKS.

HRE NECESSARY, YOU MAY USE THE FOLLOWING:
» A A -> A N

=1+ 1o a=(r—m)r+ (o +2r0)0

= Acosot+ B sin ot

mp_Llte ¢ — _mh? o = mh?
°1+ecos® T k(1+e) k(1 -e?)

> 4 > 2> 92 - - -
?en=m%¥+")’%—u% L=rmxmvy+XTF; xm;v;

doL_aL oH_, oH_

dtoq ~ oq op 1 oq = P

r L x—vt ¢ - t—(v/ic?)x Ay = _Ax—vAL A = At— (Vic?)Ax
| J1-v2Z/c2 J1-v2/c2 J1-v2/c? J1-v2/c?



21. (a). Can the direction of the velocity of a body change when its acceleration is constant?

Explain. (2 marks)
(b). A small ball is fastened to a long rubber band and twirled around in such a way that

the ball moves in an elliptical path given by the equation
2 & LN
X(z) = bcoswt i + 2bsinw! j

where b and ® are constants.
(1) At what times is the ball at its minimum distance and maximum distance from the
origin. (3 marks)
(it) Find the speed of the ball as a function of . In particular, ﬁnd v at its minimum and
maximum distance, respectively. (5 marks)

(¢). A bee goes out from its hive in a spiral path given in plane polar coordinates by

r=bet O=ct

where b, k, and c are positive constants. Show that the angle between the velocity
vector and the acceleration vector remains constant as the bee moves outward.

(10 marks)
)2. (a). Why do raindrops fall with constant speed during the later stages of their descent?

(2 marks)
(b). A gun is fired straight up. Assuming that the air drag on the bullet varies quadratically
with speed,

(1) show that the speed varies with height according to the equations
vi=Ae™ - gk (upward motion)
v?= g/k - Be™ (downward motion)

in which 4 and B are constants of integration, g is the acceleration of gravity, and
k = c,/m where c, is the drag constant and m is the mass of the bullet.
(Note: y is measured positive upward) (10 marks)

(11) Show that when the bullet hits the ground on its return, the speed will be equal to

VoV

172
(v2+v?)

where v, is the initial upward speed and v, = (mg/c,)"”* = terminal speed = (g/k)'"?.
(8 marks)

\



. (a). Suppose you are given a block of unkown mass and a spring of unkown force constant.
Show how you would predict the period of oscillation of this block-spring system.

(5 marks)
(b). A spring of stiffness k supports a box of mass M in which is placed a block of mass m.
If the system is pulled downward a distance 4 from the equilibrium position and then
released,
(1) find the force of reaction between the block and the bottom of the box as a function
of time. (9 marks)
(11) For what value of d will the block just begin to leave the bottom of the box at the top
of the vertical oscillations? Neglect any air resistance. (6 marks)

(a). Can there be motion in two dimensions with acceleration in onl); one dimension? »
Explain and if so, give an example. (3 marks)

(b). Show that the variation of gravity with height can be accounted for approximately by
the following potential energy function:

V= mgy(l - -fj-:-) | (6 marks)

in which 7, is the radius of the earth and y is the vertical distance from the earth's
surface.

(1) Find the force given by the above potential function. (3 marks) |

(ii) From this, find the component differential equations of motion of a projectile under
such a force.

(3 marks)
(iii) If the vertical component of the initial velocity is v, , how high does the projectile
go? (5 marks)

(a). An artificial satellite is in a circular orbit about the earth. How will its orbit change if
one of its rockets is momentarily fired
(1) toward the earth,
(i1) in the forward direction,
(ii1) at right angles to the plane of the orbit?

(3 marks)
(b). A particle of mass m is subject to an attractive central force of magnitude &%, k being a

constant. If at the instant when the particle is at an extreme position in its closed orbit,
at a distance a from the center of force, its speed is k find

2ma ’
(1) the other extreme position, and

(6 marks)
(i1) the speed of the particle at this position.

(4 marks)



(¢). Prove that the time average of the potential energy of a particle describing an elliptic
orbit, in the inverse-square force field f{r) = - ¥/, is - k/a where a is the semimajor axis

of the ellipse. (Time average of any function f, is f = E,léi-t- , where integration is over a
complete planetary year, T and |(1 +ecos0)™1d6 = 2n(1 — ¢2)™ 12 ) (7 marks)

_)
. (a). Explain why we cannot use the equation F_, = d(m'»)')/dt for a system of variable mass.

(2 marks)
(b). Show that the angular momentum of a two-particle system is

- - - -
r,,Xmv_  +RXuv

. 3. . . >, -
where m = m, + m, , W is the reduced mass, R is the relative position vector, and v is
the relative velocity of the two particles. (10 marks)

(¢). A block of wood rests on a smooth horizontal table. A gun is fired horinzontally at the
block and the bullet passes through the block emerging with half its initial speed just

before it entered the block. Show that the fraction of the kinetic energy of the bullet
that is lost as frictional heat is given by —3:—- i—’y , where v is the ratio of the mass of the

bullet to the mass of the block (y < 1). (8 marks)

- (a). If two circular disks of the same weight and thickness are made from metals having
different densities, which disk, if either, will have the larger moment of inertia?

(4 marks)
(b). A solid uniform sphere of radius a has a spherical cavity of radius a/2 centered at a
point a/2 from the center of the sphere. Find the center of mass. (8 marks)

(¢). Two cylinders of radii R, and R, and moment of inertias /, and 7, , respectively, are
supported by fixed axes perpendicular to the plane of the figure below. The large

I

cylinder is initially rotating with angular velocity ®_ . The small cylinder is moved until
it touches the large cylinder and is rotated by the frictional force between the two
cyliuders. Eventually, slipping ceases and they finally rotate in opposite directions.
Find the angular velocity o, of the small cylinder. (8 marks)



8. (a). How many degrees of freedom does the system shown below has and what are its
generalized coordinates? '

(4 marks)
(b). (1) By using Lagrange's method, set up the equations of motion of the "double-double"
Atwood machine shown below. Neglect masses of the pulleys. (10 marks)
(1) Find the actual accelerations for the case m,=m, m,=dm, my =2m, and m, = m.
(6 marks)

- (2). Two events are simultaneous but separated in space in one inertial reference frame. Will
they be simultaneous in any other frame? Will their spatial separation be the same in
any other frame? (4 marks)
(b). An observer in the S' frame notes that an event occurs along the common x-x' axis and
records its space-time coordinates as x = 2.0 m and t = 5.0 »s. The $' frame is moving
with a speed v with respect to the S frame along their common axis.
(1). If v=10.50c, what space-time coordinates would the S' observer record for this
event. Take ¢ = speed of light = 3.0 x 10° m/s. (6 marks)
(11) What would be the result if the Galilean transformation equations held? (2 marks)
(c). An observer S sces a flash of red light 1200 m from his position and a flash of blue
light 720 m closer to him and on the same straight line. He measures the time interval
between the occurence of the flashes to be 5.0us, the red flash occuring first.
(1) What is the relative velocity 3(magnimde and direction) of a second observer S’
who would record these flashes as occuring at the same place? (5 marks)
(11) From the point of view of S', which flash occurs first? (1 mark)
(iii) What time interval between them would S' measure? (2 marks)

8 o 3 3 2 3K K 3K 3 % Ok ko ke ook ok ke ok 8 ok ok ok THE E N D ®¥¥skkkolokdorokokodokdoroidorod s ok s okok 5 ok o ok ok ok ko



PHYSICS DEPARTMENT
UNIVERSITY EXAMINATIONS 1993/84 ACADEMIC YEAR

COURSE CODE: P268
ELECTRICITY AND MAGNETISM, ATOMIC PHYSILH

AXIMUM TIME ALLOWED: THREE (3) HOURS
INSTRUCTIONS: ANSWER ANY FIVE GQUESTIONS ONLY,AT LE
{¢) FROM EACH SECTION. ALL QUESTIONS ARE OF EQU

faximum Marks @ 168

[ 18

wx

~ - o - ~

there-ever necessary, the following dats and formuzias can

ised:
<« -~ '.3
speed of light = 3.8 x 18" wm/s
) - 18 N - -6
I Angstrom unit ( & ) = 1@ m: L micron { & )} = 18 “m
, . . - P a3 e
Avogadro s number N, = B.82 x 18°° mol
: r‘}.g
electronic charge e = 1.80 x 18 £
. ) . ~31,,
electronic mass m_ = 9.1 x 18 ~*Kg
o , | - -34
Planck’'s constant h = 6.826 x 18 -8
1evz1.6x 10 g
An = h/w o [ l-cos{6)]
? B.dl = B_i
. add
E=- -y
dt
$ = B 2
= L H * 7H
L L, + b, 2H

fE.dS = Zq,
Cq _.L
- €
o
o0
-aX .
f X e dyx = 1/a

LT TWO

EJ A SEO.



S ECTION A Electricity and Magnetisn.
The electric field ( E )} arocund a charged object can alsc be
described by a scalar quantity, the electric potential, V.
What do you understand by the terms electric field ( E ) and
eletric potential and how are they related 7 £ 3 :
Why is it uvsually advantageous to descrihe the field in terms
[ 3
of the eleciric potential ? L4
A thin conducting srherical shell of outer radius R carries
2 positive charge +4.  Sketch
i} the magnitude of the electric field E and L2 1
ii) the potential V , versus the distance r from the center of
'l‘, )
the shell. Ca ]
i 1 shows a section throueh * 1y roncentric oviind
gure 1 shows a section through two long concentric cvlinder
of radii a znd b respectively. The cylinders carry ecual and
opposite charges , X, per unii length. Prove |, using Uauss’'s
ilaw
! 3 ;- 5 -':
i} that B = & for r » b and for r < a ; - :
. , . . I S
1} that between the cylinders E is given by ) R
E = 1 x N/ -~
ave o r
[y
-
,/

igure 1




Explain the physical meaning of the eguation

o — 2, "y L] % N 1 .
B.45 = & where P ois the magnetic induciion oo
R svery a closed surface 5. Soe

ion around a <ab

i
Xl

Suppese we set up a path of integrat
that contains twelve wi th different currents

i
ions) in each wire. How do we
) in :

{some in opposite dir ]
i {the current) in Ampsrss in much =
. 33
A long co-axial cakle consists of two concentric conductors
with dimensions shown in figure 2. There zre egual and oppoQ
site currents 1 in the conductors. Find the magnetic field R
{1} a1t distances r within the inner conductor {(i.e. 1 < &

cen the two conductors 1.e. a 4 v < b

W
thin the ocuter conductor i.e. b < v ¢ ¢
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INTERMEDIATE PHYSICSC

: Three Hours

8r

Attempt Three questions from section A and Two
questions from section B. : :

yuestions carry Equal marks Maximum Marks: 100
SECTION A
1. State Hooke's Law and show how it may be written

(WS

e

quantitatively in terms of Young's modulus.

A long thin rod of diameter 0.4cm and length one meter
is bent strongly into a semi - circular form by a
string tied to its ends. Find the Young's modulus of
the material of the rod, if the tension in the string
is 5S0ON. - ‘

(4 + 6 marks)

A horizontally cantilevered diving board has a length
L=3m awidth W = 35cm and a thickness h = 4cm. A
student whose mass is M = 65kg stands at the free end
of the board and causes small, - amplitude bending
oscillations. Assume that Young's modulus for the
board is Y = 1.4 x 10"Pa. Neglect the mass of the

board and show that the period of oscillation obeys
the following formula and evaluate T.

ML3

T=2%
3YI,

(6 + 4) marks



(a) A ball floats on the surface of water in a container

exposed to the atmosphere. Explain what happens to the
ball if; :

i) the container is covered and the air is removed?
ii) the container is covered and the air is compressed?
(2 + 2) marks

(b) Given the speed of efflux of a liquid from an opening
in a tank as V,, and taking into account the velocity
V of the top surface of the liquid,

i) Show from Bernoulli's equation that
V2 = V2 + 2gh
where V is the speed of the top surface.
#x 11) _ Then by considering the flow as one big tube flow

and by obtaining V/V, from the equation of
continuity show that;

where A is the tube cross sectional area at the top
and A, is the tube cross sectional area at the opening.

(5 + 5)marks

(c) A horizontal tube 0.8mm in diameter and 16 cm long is
connected at one end to a constant - level water tank
whose height is 200cm. If 600 cm® of water flows
through the tube in 8 minutes, find the coefficient of
viscosity of water.

: (6 marks)

(a) Explain what is meant by 1linear coefficient of
expansion, and derive a relationship between the
coefficients of linear and cubical expansion.

' : : - (3 + 5 marks)

(b) A tank of water has been outdoors in cold weather
' 'until a 5.0cm thick slab of ice has formed on its
surface (fig 3.1). The air above the ice is at -
,0°C. Calculate the rate of formation of ice (in m/s)
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fig 3.1

Show from first principles that for a quasi - static
adiabatic expansion of an ideal gas

PT 11 =constant

where § = C,/Cy is the ratio of the specific heat
capacities of the gas at constant pressure to that at
constant volume.

(5 marks)

Helium (¥ = 5/3) at 300K and at a pressure of 1 atn is
compressed quasi - statically and adiabatically to a
pressure of 5 atmosphere. Assuming that helium
behaves 1like an ideal gas, what is the final
temperature?

(5 marks)

If a Carnot cycle is run backward, we have an ideal
refrigerator. A quantity of heat Q, is taken in at the
lower temperature T, and a quantity of heat Q, is given
out at higher temperature T,. The difference is the
work W that must be supplied to run the refrigerator;

(i) show that;

I,-T,
N

W=0,

(ii) Find the work that must be done to extract
1.0J of heat from a reservoir at 7°C and
transfer it to one at 27°C.

(6 + 4)marks



b)

a)

b)

Two samples of a gas initially at the same temperature
and pressure are compressed from a volume V to a
volume (v/2), one isothermally, the other
adiabatically. In which sample is the final pressure
greater? Does the entropy of the gas change in either
process? Explain your answers.

(4 marks)

A gas obeys the equation P(V - b) = RT where b is
constant and has a constant C,. show that

i) U is a function of T only
ii) that a relation that holds during an adiabatic
process is P(V - b)¥ = Constant. Where X =C,/C,

(4+4 marks)

Consider an isolated system that consists initially of
0.5 Kg of water in a beaker at a temperature of 3°C
and a 10 gram ice cube at 0°C (not in contact with
water). The ice cube is now placed in the water and
eventually the system reaches equilibrium with all of
the ice melted. Calculate the change in entropy of
the system. (Neglect the heat capacity of the beaker)
Take Latent heat of fusion of water as L~=333 KJ/Kg and
Specific heat Capa01ty of water C,=4200J/Kg.°C.
(8 marks)

- S8ECTION B

Does the focal length of a lens depend on the medium
in which the lens is immersed? Is it possible for a
given lens to act as a converging lens in one medium
and a diverging lens in another medium?

(4 marks)

Figure below shows a glass rod whose ends are
spherical in shape. The refractive index of glass is
n. The radius of curvature of surface B is half the
radius of curvature of side A. An object O.is at a

. distance of 2R from the surface of the larger radius

of curvature. The distance between the apexes of the
ends is 3R. Show that the 1mage point of O is formed
at a distance of-

9R-4nR
10n2-29n+18

from the right hand vertex.




C) A thin converging lens of focal length 20 cm forms an
image 4 mm high of a distant object. Determine the
nature and focal length of the second lens which ,
when placed 5 cm behind the first lens produces an
image 1 cm high of the same object on a screen in the
focal plane of the combination.

(4 + 4) marks

a) A person in a dark room, looking through a small
window, can see a second person standing outside in
bright sunlight. The second person cannot see the
first person. 1Is this a failure of the principle of
optical reversibility? Assume no absorption of light.

(4 marks)
b) Explain with derivation of formula the formation of
Newton's rings by monochromatic 1light reflected
normally. Account for perfect blackness of the

central spot. What is the difference between these
fringes and those formed by a biprism.

(8 marks)
c) Fringes of equal inclination are observed in a
Michelson interferometer. As one of the mirrors is
moved back 1 mnm, 3663 fringes move out from the

center of the pattern. Calculate the wavelength of
light. What will be observed if one then changes to
white light?

(8 marks)

a) i. Distinguish between the Fresnel and the Fraunhofer
classes of diffraction.

ii. Sodium 1light is incident normally on a plane
transmission grating having 3000 lines per centimeter.
Find the direction of the first order for the D lines
and the width of the grating necessary to resolve
them. ( wavelength of D lines are 5890 A and 5896 A)

(4 + 6) marks

b) i. Explain what you understand by resolving power of . an
optical instrument. State Rayleigh's criterion for
resolution and apply it to distinguish between the
resolving power and dlsper51ve power of a diffraction
gratlng. :

,*resolutlon telescoplc camera
35 cm, if the.angular,resolutlon of this camera is

1 limited by_dlf actlon ’estlmat .the separatlon*of two

ﬁhav1ng lens dlameter of”c




/S éop;ﬁﬁ

UNIVERSITY OF ZAMBIA

PHYSICS DEPARTEMNT
UNIVERSITY EXAMINATIONS-1993/94
P-302
(Computational physics-I)

me: Three Hours. Max.Marks:100
nswer:(i) Question One Compulsory.
(ii) Any Three Questions from 2,3,4,5 and 6.

1 Questions Carry Equal Marks.
Marks are shown in the square brackets)

struction: Wherever necessary, use the information given in Appendix

.1.(A) Identify errors if any in each of the following Basic statements. [6]
It is assumed that the unknowns are given.

(i) FOR J=1 TO 10 STEP -1
(ii)Z$=45+B

(iii) DIM A(4;5), B(1,-2)
(iv) A=(-2.5T15

( v) NAME= "PHYSICS'
(vi) PRINT X, Y, X+Y

(B) Translate the following expressions into BASIC statements. 4]
) I 5 a b, L . -
(i) abze @ x%+y% z2 / sin(p)e™*
(C) Write the value of C% when the followiﬂg program is executed. (51
DIM A(5)

FOR J%=1TO 5

READ A(J%)

C% = A(J%) + 0.6
NEXT 1%

DATA 0.2,1.6,0.9,1.4,2.8



(D) You are given the following data on an input file EX1.DAT for [10]
variables (X, ,¥;)
2.1 3.4
45 6.8
5.6 7.8
7.3 4.5
Write a program in Basic to

(i) read the data from the file and put it on an output file EX1.0UT
in a tabular form with title XI and YI,

(ii) find the sums £ x* — =y, Tx’p;,and Tx,Ty,
Wirite these sums on the output file each on seperate lines on the

output file.

Q.2. A rocket is launched from the ground. Its acceleration a is registered at times [25]
given in the table below.

t(): 10 20 25 28 30
a,(ms?): 321 345 362 378 405
Assuming that the speed at any time is given by
v-=Av,,+ at

write an algorithm in pseudo code to calculate the velocity at any given time.
Use least square fit method for the data.

Q.3. A resonant electric circuit is shown below. [25])

Natural frequency of the circuit is given by

L = 1/2nJLC with L =50pH and f,=550kHz



and the half width or selectivity of the circuit is given by
Af=L /4R
Write a program to compute

(i) capacitance C for a given input frequency from the default device,
(ii) compute the resistance necessary for half widths

A=f/5 . £, /20 . f,/80

(iii) print all the above with appropriate labels.

).4. Joule-Thompson effect is the change of temperature which occurs in the

expansion of a gas through a throttle from high pressure P, to low pressure P, .
For temperatures T > T, a Joule -Thompson expansion necessarily warms up the
gas and 7T, is called the nversion temperature. The inversion temperature is found

1
from the equation describing the inversion curve

1
_ 3RT , 2(2RTa)} _a
b= 2b+b(b) b

The above equation is derived from van-der-Waals equation for a real gas.
Write a program for a given a , b to

(i) determine 7, which is the solution of the above equation for P =0,

(ii) determine P as a function of T between the limits of temperature
(0, T,) insteps of AT =5" K.

The gas constants a , b and R are to be input from the default device.
The output should contain the name of the gas as the title of the output.

Q.5. Suppose that the projectile is fired from the origin at time ¢ = 0 with the

speed v, at an angle of elevation 6, . Assuming, for ballistic velocities,

the projectile faces the resistance to air and is varying as the square of velocity,
we get

;1; — cos2 [4 - C arctan(sin 6)] — C sin®

where 4 and C are constants which are given.

Now the trajectory is determined by the co-ordinates x, y, and ¢ given by

[25]

[25]



and np) = Jx*+y*

Write an algorithm in pseudo-code to determine x, y,f asa function of ©
and r (¥ as a function of f.Assume that 4, C, g and 6, as given.
Include in your algorithm a criterion for the convergence of the integrals.

).6. Simple pendulums do not swing forever. They lose energy as a result of friction [25]
at the pivot and in the medium in which they move. Assuming that the damping

is due to friction in the medium only, the acceleration of the vibrating mass at
any time is given by

- _ &, _ Hy=yp =&
o= -Ix-cv where velocity=v =7

Here ¢ = damping constant, L = length of the pendulum and
g = acceleration due to gravity.

il

Given the initial conditions at =0, x =0, v=v,, write down an

algorithm in pseudo-code to determine the velocity v asa function of time

in the interval 0 to 60 sec with an increment of time 0.1 sec.

Hint: Atany time ¢, + h, the distance x is given by
x(ty+h)=x(ty )+ h v(t,)

Use this to solve the differential equation given above for v at time f, +h.
Use RK-method for solving the differential equation.



APPENDIX

Least square fit to a straight line:

y; = a+ bx, with i=1,2, el

_ Tx(Zxp)-(Zx)(Zy)
n(Zx)-(Zx)

n(Zx,y,)—(Zx.)(Zy,)
n(Zx)-(Zx)

b=

Let o be the standard error in b and
B be the standard error in a, then
o P T d

T TE T (m2)[nTx-(Zx)]

. Integration:

Trapezoidal Rule:

jb f(x) dx = 0.5h [ f(a) + f(b) + 2 ml e ]
and x;= a+jh with j=1.2,...

Simpson Rule:

b fix)e = 2ifa) + £8) + 44y + 3 4S5+ et San)
+2(f2 +f4 +f6+ ......... +f2n)]



. Non - Linear Equations:
Newton- Raphson Method:
_ f (xn-l )

EILT )

. Solution of Differential Equation:

L - )
with initial conditions.
Fourth Order RK- Method:
Vil =¥+ (ky+ 2ky + 2k3 +k4)/6

where
kl = hf(x,',yi)
ki .

h

ky=hf(x; + g’yi + "2“)
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(2)

1. A man is walking randomly in steps of equal length up and

down a slope. ( Assume the motion is one dimensional ). The

probabilities of his taking a step down or up the slope are

2 / 3 and 1 / 3 , respectively.

(a)

(b)

(c)

(d)

(e)

2. (a)

What is the probability that his first five steps are
all down the slope and the next five are all up the

slope ? ' [ 7 ]

What is the probability that he is found at the stérting

point after a total of 10 steps ? [ 5]
Calculate the probability that after 10 steps he is
found (i) two steps below (ii) two step up , from the

point where he started. [ 5]

What is the expected position of the man after a total

of 10 steps ? [ 5]

Why would it be unrealistic to use the Gaussian

distribution in the above problem ? [ 3]
The single particle partition function for an atom in a

gas of volume V is



What is the meaning of Z1 ?
(b) How is Z related to the total partition function for 1
particles under the low density 1limit ( perfec

classical gas ). [ 5]

(c) Find an expression for the Gibb’s free energy , F , o
the gas . ’ [ 10 )
dF

(d) Entropy is defined as S = - —— , use this to show th:
ap

for a perfect monatomic gas under adiabatic conditions

S
P V° = constant. [ 10 )

3. (a) Write down the Fermi - Dirac distribution function

fFD ( g ) in the form that is appropriate wher

temperature T is much smaller than the Fermi temperature
T .

F

Sketch a diagram to show £., ( € ) plotted against n

( occupation number ) for both T = 0 and T > 0. [ 6 ]



(b)

(c)

(d)

(4)

If D( € ) is the density of states , what information is
given by the product fFD (€ ) D( € ) de ? Sketch
diagram to show an (€ ) D( € ) plotted against T for b

T=0and T >0 . [ 6 ]

An ideal gas of N neutrons is contained in a a box of
volume V. Show that the Fermi teperature of this gas is

given by

2 5 2
T - h ( 3.m N )3
F 2m k \Y
n B
where m is the mass of one neutron. [ 8 ]
Calculate the mass of a neutron star , taken to be a

sphere of radius 10 km . Assume a model in which
the star consists of an ideal neutron gas of unifor
density with TF = 7.9 x 10 K , and the temperature
the gas is much smaller than T,

30
2.0 x 10 kg

- 27
1.67 x 10 kg

Mass of the sun

Mass of a neutron , m

n

Density of states for particle of mass m in a

NIw
[\

v
4 h

box of volume V , D( ¢ ) =

(5]



4.

5.

(a)

(b)

(5)

Derive an approximate expression relating the diffusior

coefficient in a gas to the mean free path. [ 10 )

Water at 20 °C almost fills a test-tube 3cm in length
which is open to the air . Assuming that the density

gradient of water vapour falls linearly from the water
surface to the top of the tube , show that the levellof

the water falls , due to evaporation , at ( time )2

Calculate how long it takes for water to evaporate

completely. [-15 ]

Assuming that photons obey Bose - Einstein statistics and

that the number of photon states in volume V in the

frequency range w to w + dw is

g dw ____B_TTL_ W2dw
) .

(2nmc)?

(a) Find a formula for the average energy of a photon gas ,

and hence find an expression for the constant ‘a’
in the formula aT'® for the energy density of black

body radiation . [ 12 ]



(6)

(b) Sketch a diagram of spectral density ( energy per unit
volume per unit frequency range ) against frequency and
discuss its importance in the development of the quantum

theory. [ 5]

(c) Show that the spectral density is at a maximum at a

frequency given by

w = A KT
h
and find an approximate value for A . Estimate the

surface temperature of a blue star ( very hot star

assumed to radiate as a black body ). [ 8]

6. (a) The speed of molecules in a classical ideal gas follows
the maxwell distribution , such that the number of

particles with speeds between v and v + dv is given by

de = A v° exp ( - M v° / 2 kBT ) dv

where M 1is the mass of the particle , T 1is the

temperature of the gas and A is a constant.

Find A .
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SECTION ONE

Q.1 a) What is meant by the term "Impedance Matching"? Derive the load impedance
and power output when such a condition is attained. Assume a non-complex
impedance. (5 marks)

)

b) i) For the circuit in figure 1. find the value of the resistance X that gives the

maximum power dissipation in X. (10 marks)
i1} Calculate the value of this maximum power. (5 marks)
7k
| —
1
6k 6k 5k X
30v
figure 1.

Q.2.  a) Inthe circuit in figure 2. derive the impedance ands its magnitude between a and

b. (10 marks)
a
A
|
figure 2. D | l A

b) Find the expression for the resonance frequency @, and quality factor Q for this

CIrCuit. (7 marks)
¢) Draw an approximate bode plot that gives V /V_ as a function of the
frequency . Indicate the position of @, (3 marks)

Q.3. a) Draw a circuit that transforms a sinusoidal a.c. signal to a d.c. signal using



2.3, a) Draw a circuit that transforms a sinusoidal a.c. signal to a d.c. signal using
i) a center tapped transformer (2 marks)
i1) a bridge of diodes (2 marks)
b) Briefly explain how the two circuits work with the aid of signal diagrams
(voltage vs time graphs) (5 marks)
¢) What is meant by the term "RIPPLE FACTOR" and what is its significance?
What affects the value of the RIPPLE FACTOR? (S marks)
d) For the circuit below show the output waveform if the input is a sinusoidal
wave. (5 marks)
S A'A% 0
R %
D, D, ¥
V. v
n . out
\4 - \/2 p—
igure 3. 0 0
SECTION TWO

4.  a) Briefly explain the meaning of the following terms with regards to transistors.

1) saturated region (2 marks)
ii) cutoff region (2 marks)
iii) large signal current gain (2 marks)

b)The silicon transistor connected in figure 4. has a value of § = 55, find the
currents Ip, 1., I; and V.. (12 marks})



gure 4.
¢) Is the transistor operating in the active or saturated region? Give reason.
(2 marks)

.5 The transistor amplifier circuit used in figure S. has the following hybrid parameters:
hy, = 1K; h,, = 0; he, = 30; h,, = 0.

a) Draw the equivalent circuit of the amplifier using the simplified hybrid model.
(3 marks)

b) Calculate 1) the voltage gain A, (7 marks)

ii) the input resistance R; (7 marks)

¢) Why is the common-emitter amplifier with emitter resistance more stable than
one without an emitter resistance? (3marks)



R.= 0.2k

g <—>

gure 5
R,
SECTION THREE
.6 a) Give the characteristics of an 1deal operation amplifier. (2 marks)

b) Draw the inverting and non-inverting amplifier using an ideal op-amp and derive
the expression for the respective voltage gains. (10 marks)

¢) Draw an integrator circuit using an ideal op-amp and derive the output.
(8 marks)

7 a) State one form of De Morgan's theorem.
(3 marks)
b) Prove the following identities;
A+AB=A

A+AB=A+B (6 marks)

¢) For the digital circut in figure 6. write the Boolean equation relating the output  to the
put. Make the corresponding truth table for the circuit. (6 marks)



B o—

——

VAV,
|

‘:D—————-o 7

!
\Jj

8y 1) Convert the decimal number 21 to 5 binary number (I mark)
i1} Use the twos complement method to perform the binary subtraction 11071 -
0110, (4 marks)
Q.8 a) Construct the gates NOT, NOR and AND using NAND gates. (4 marks)
by Using NAND gates draw the circuit diagram of a J-K master-slave f] ip-tlop wid

briefly describe its operation. {6 marks)

¢} What is the advantage of the master-slave flip flop over a single stage flip-
Nop? (2 marks)

d) Drraw the circuit for a four stage binary ripple counter ustng J-K tlip flops.
(4 marks)

e} Draw the circuit tor a binary full adder. (4 marks)

END OF EXAMINATION-——-meemeeee .
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APT ANY FOUR QUESTIONS. ALL QUESTIONS CARRY EQUAL MARKS.

Electron rest mass m, =
Boltzmann constant k
Proton rest mass Mp
Planck’s constant h
Speed of light ¢

h=h/2n
1eV.

Stefan’s constant o

9

}e'“*'dx

]‘xze-ax’dx =

x3dx
'!; e*-1

You may use the following information:

=9.1x 10% Kg
1.38x10% J/K
1.67 x 107 Kg
6.6 x 10 J.s
3x 108 m/s

1.05 x 10> Js
1.6 x 107%%J

5.

67 x 10® W/m2.K*

N

-3
11\:&2

2

4

K

1

5

]"2"" - 24

0 @*-1



The energy density p(A,T) in black-body radiation is given by the Planck’s law

8nhe
A =
Pk T) A5 [exp(hgAkT) - 1]

Show that in the long wave-length limit, the law reduces to the Rayleigh Jeans law

_ 8mkT
p(luT) - A‘
(5 marks)
Prove that the total energy p,, is proportional to T (8 marks)

Show that the number of photons per unit volume is N = 2.03x10"T3. (8 marks)

Calculate the average energy per photon as a function of temperature. v
(4 marks)

What is meant by a quantum mechanical expectation value? (2 marks)

The wave-function for a one-dimensional simple harmonic oscillator is given by

_ -kx?
Uy x) =¢C exp( 2ﬁw)

where C is a constant.
Show that the normalised wave-function is given by

[k N ool - fo®
U° 00 = (uﬁw) exP( Zhw)

(5 marks)

Find the expectation value of x. What is the physical significance of your result?
(5 marks)

Calculate the expectation value of x°. Can it be negative for any wave-function?
(5 marks)

Calculate the expectation value of the momentum squared, i.e. p>. (8 marks)
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ever necessary, you may use the following information.

(]

€, = 8.85 x 10" H m' Bo= 4 X 10'7>H m!

inm = 107 m | c=3x 10" m/s = 1/]¢€,
ax (bxc)=Db (a.c)-(a.b)e |
V.D=p, ; D=¢€, €E; B = g, (H+ M)

=-V.p; 3,=V xu ; 8 =EXH

m

po I &
2 a‘ +r

e I fdlxr d f :
= K e = — s B . da
an r’

’ . (axb)=b. (V xa)-a. (V xb)

19 du 1 Ja ou 1 au

= — —(r? — ) + ————— —(sind -) +
r* or or r? sinf 36 a0 r’ sin?0 9¢?
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JTION 1.

A spherical charge distribution of uniform charge density
has radius R. Use Poisson's equation to find the potential
and electric field outside and inside the charge
distribution. Draw a sketch of the field as a function of

distance r from the center. (5+5+2 MARKS)

Show that the electric field intensity E at a distance r
from the axis of a long straight, thin wire carrying a
uniformly distributed line charge of density A is given

by
A
E=(2XN)/(4 me, *)x (6 MARKS)

Show that the potential at a point a distance r, and r,
"espectively from the centers of long parallel pair of
vires of negligible cross-section and having equal and

pposite linear charge density A coulomb-meter is given

Yy
V=(AN/2me) 1ln (ry/x,) (7 MARKS)
'IONS 2.

onsider a linear and isotropic dielectric with
ermittivity € and electric susceptibility y,

how that the polarization P is related to the electric

isplacement D by

D =P (1+ x )/x (7 MARKS)
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Obtain an equation for the displacement current density
and explain the meaning of the terms contained in the

equation. ' (2+1+1 MARKS)

For a continuous charge distribution of density p , the
potential energy can be given by

weo

2

V pe drt

T

where V is the potential due to all the charges contained

in an arbitrary volume 71

Using Poisson's equation, show that the energy of the
charge distribution can be given by

€
W=—?-f,E2d'r

2

where E is the electric field intensity. (7 MARKS)

If a dielectric is present in the vicinity of the charge

distribution, show that the electric potential energy W

is
|

W=-J/_(D . E) ar (7 MARKS)
2

I'TON 3.

Define an electric image. ~ (2 MARKS)

A hollow grounded sphere of radius R contains a charge g
at a distance D from the center of the sphere. The

ootential V is uniform over the surface of the sphere.
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Show that the field inside the sphere is the same as if
there was no sphere, instead a charge g'= - aq/D at b =

R?/D. (8 MARKS)

Calculate the potential and electric field intensity at
an arbitrary point P outside the sphere at distance r

from the center. (6 MARKS)

Calculate the induced charge density on the inner

surface of the sphere. (3 MARKS)

Calculate the force of attraction between the charge g

and the image charge. (3 MARKS)

Show that the total induced charge is equal to the image

charge. (3 MARKS)

I'TON 4.
Show that Faraday's law of induction in differential

form can be expressed as

V x E = - dB/dt (7 MARKS)

Obtain an expression for the induced electric field
intensity E in terms of the vector potential A and show
that E can arise from accumulation of charges or from

~hanging magnetic fields or from both. (6 MARKS)

\ rectangular toroidal solenoid of thickness h, external
and internal radii r, and r, respectively for a circular

b>ath concentric with the toroid, has N turns uniformly
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istributed over its circumference. I is the current

lowing in the windings and B is the magnetic flux induced
1 every part of the circular path of radius r. Starting
rom Ampere's law, show that the self inductance of the

>lenoid 1is

po N> h
= ————— 1n(r,/r,) henries : (6 MARKS)
2m
raluate 2.d1 along the path shown if A = 2wvi + ¥23

1at do you conclude from your result? (6 MARKS)

a,

,V
x

0,0 a,o

ON 5.

fine the term magnetization M. If J, is the
gnetization current density then show that the curl of
gnetic field strength H is equal to the free charge
rrent density J;. Show that this equation can give

pere's circuital law. (2+8+2 MARKS)
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THE UNIVERSITY OF ZAMBIA

PHYSICS DEPARTMENT
UNIVERSITY EXAMINATIONS - 1993/94
P-401
( Computational Physics-II )
me: Three Hours. Max. Marks: 100

nswer:(i) Question One Compulsory.
(i) Any Three Questions from 2,3,4,5, and 6.

1l Questions Carry Equal Marks
farks are shown in the square brackets)

struction: Wherever necessary, use the information given in Appendix.

1.(A) Make necessary corrections if any in the following: [10]

(i) X=Y+EXP(2P)
(i) T=LOG(5/6)

(i) DIMENSION A(12.5), B(-2,5)

(iv) CHARACTER*$ P,QR),TS**10

(v) REAL (L 7J,LET (6,8)

(vi) DO10,J =1,5

(vii) IF ( A.GT.B.OR.C) STOP

(vii)OPEN (-3, FILE = ' EXAM.DATA ' )

(ix) 10 IF (L .EQ. 0 ) GO TO 10

(x) 50 FORMAT ( 2X,'UNIT="'E 14.10, A 6.2)

(B) Which of the following computations would be fast and why ? [2]
(i) A =2*EXP (X)
(i) A =EXP(X)+EXP(X)

(iii) A = EXP(X)
A=A+A

(C) Given a matrix [5]

N A -
o BV T O
O QN W



write a set of statements so as to replace all except diagonal elements
by zeros. '

(D) Given(x;,y,) for i=1,2,.......... 10,
using Do-loops write a program to calculate

Z'xi’ Exiza Zyl 1zy;'2’ in}’i

):2: (A) Describe how an integral can be calculated using Monte-Carlo Method.
What are the advantages and disadvantages of this method.

(B) Integral of the type
_ [z _dz
1= J'O A-Bz

are of interest m many physical problems. Note that it has a singularity
at A=Bz.

Write a subroutine program to calculate the integral using Monte-Carlo
Method up to 0.001 precision.

Use this subroutine in the main program to tabulate values of integral
as afunctionof z uptoz_ .

Given: A,B and 7.

).3. You are given the following data corresponding to variables (x; ,y, )
tabulated as follows on a file named EX1.DAT

0.1 ,0.52
0.2 ,0.83
0.45, 1.01
0.32,1.36
0.55, 1.61
Write a program to
(1) read the data from the file and put it on an output file of
your choice. The name is to be given from the default device.
(ii) calculate in double precision the deviation

Tyl - Cw)?

and write the output on the output file with the description
"Deviation".

(8]

B3]

[20]

[25]



4. Define [25])

T (yi-5;)?
S=—%"m —

where y, = an experimental value,

y; = a value computed from a least square fit,

n = the number of x-y pairs,
m = the number of parameters in the relation.

The Gauss criterion of goodness fit states that the best fit is the one
that minimizes S . Write a program to verify for a given N points of data,
whether a linear or a quadratic relation gives a better fit.

Given: For alinear fit y,= A +Bx, , the subroutine
LINEAR(N,X,Y,A,B)
and quadratic fit y, = A +B x; + Cx?, the subroutine

QUAD(N,X,Y,A,B,C)
5. The Lorentzian line shape function is given by [25]

Iy
144(A~A)2/T2

I(L) =

Measured data is available for 7 (A ) as a function of A . Assuming I, and
I" are given, determine Ao by minimizing the error

§= XUl - 101
J

Here A = wavelength of light emitted,
Ao = resonant wavelength,
I' = full width at half maximum,
1 ,= intensity at Ao



Assuming a starting value of Ao, evaluate S at Ao ,evaluate S at
Ao +h , &g and Ay -h where his properly selected increment.

Write an algorithm in pseudo-code to find the value of A¢ which minimizes
S. Determine the value of A, with a precision of 1075 .

.6. The degree to which solar energy is attenuated is determined to a great [25]
extent by the density profile (density as a function of height) p(z)
where z- altitude coordinate. Assuming that tropospheric air which extends
approximately 0-12 ki, is well mixed and behaves as an ideal gas, the density
profile is given by

_ To Mg = dr
p(Z)— pO T(Z) exp [ R j'o T(Z)J
where 1'(z)=1T, - I'z :
T, = ground temperature, I" = thermal lapse rate= 6 x 10 K/m

M= 29amu. , R=28317J/ kgmole-K ,
po = 1.29 kg/m’

Write an algorithm in pseudo-code to calculate the density profile as
a function of z in steps of 1x 10° m using Monte-Carlo Method.
Include in your algorithm a criterion for convergence of the integral.



APPENDIX
_Least square fit to a straight line:

y, = a+ bx; with i=1,2,........ n

. Tx(Zxy)-(Zx)(Zy)
B n(Zx)-(Zx)

n(Zxy)-(Zx)(Zy)

b= n(Zx)—(Zx)

Let o be the standard errorin b and
B be the standard error in a, then

;B s d
T (-D[rTxi-(Zx))

3[R

where d; =y;-a-bx;

[ntegration:
Trapezoidal Rule:
b m=1
[P fx)dx = 0.5 [f@)+fb) + 2 T f(x;) ]
a =1 J
and x;=a+jh with j=12,..
Simpson Rule:

jzf(x)dx - -g[j(a) FHB) + 8y +f3+f5 ot fry 1)
+2 (fz +f4 +f6 Foreennenn +f2n)]



. Non - Linear Equations:
Newton- Raphson Method:

)
n-1 S (xuy)

Xn = X

. Solution of Differential Equation:

% =f(x,)

with initial conditions.
Fourth Order RK- Method:
YVirl =¥ + (kl + 2k2 + 2k3 +k4)/6
where
kl = hf(x,':yi)
h k.
ky=hf(x; + '2',}’,"*2)
k3=hfGx;+ B,y 4 2)
ky =hf(x; + h,y; +k3)



(a)

(b)

(c)

(a)

(b)

(c)

(2)

Discuss the variation of the output pulse amplitude with
increase in the applied voltagé between the plates of a

gas-filled detector and identify the regions of operation
of various types of gas-filled detectors. Draw the figure

and explain in short its main features. [ 10 marks ]

An alpha particle of energy 9 MeV loses all its energy in
a proportional counter. One electron-ion pair is produced
for each 30-eV of energy loss. The proportional counter
has a multiplication factor M = 600, and the total capaci-
tance between the anode and ground is 35 pF. What is the
voltage of the output pulse ? [7]

Draw the differential pulse-height spectrum and the

corresponding counting curve for a mixed alpha-beta source
of typical energies for a proportional counter and explai
them. [ 8 ] '

Write short notes on the following three processes :
(i) fluorescence,
(ii) phosphorescence, and
(iii) delayed fluorescence.
Which process is desirable for a material to be a good
scintillator, and explain why ? ( 7

How does the scintillation mechanism proceed in an
inorganic scintillator doped with an activator ? [ 8]

A Cs-137 source emitting 0.662 MeV gamma rays is placed

in front of a NaI(Tl) detector of size 5 cm x 5 cm.

The source-to-detector distance is 25cm. If the number of
counts in the photo-peak for a S5-minute counting period is
15000, calculate the intrinsic photo-peak efficiency of
the detector.

Calculate also the absolute efficiency of the detector if
the number of counts outside the photo-peak for the same
period of counting is 25000.

Given, the activity of the source is 1 micro-curie; Cs-137
emits a 662 KeV gamma ray in 92% of its emissions. (10]



3.

(a)

(b)

(c)

(3)

A given radionuclide has a decay constant A, and at time
t = 0 there are N: parent nuclei and NZ = 0 daughter
nuclei. The daughter nucleus is radioactive with decay
constant A,. The number of daughter nuclei N, at time
t >0 is

MmN x—x|e ' ~e 2z
The value of N2 becomes zero at t = 0 and at t = ». Hence

it passes through a maximum at some time tm. Show that tm

Tl TI
tm= TZ T - T In ;f_
1 2

2

is given by

where T1 and T2 are the half-lives of the parent and the
daughter respectively, and T, is the mean life of the
daughter. [9]

Show that if Rp(T) is the range of a proton of kinetic
energy T, the range-RH(T“) of a charged particle of mass

M, kinetic energy T, and charge ze is given by

=M

R (T,) = R [.mP T, /M ] [8 marks]

m
p

In natural radioactive decay, 238y may be said to decay to

20°pp with a mean life of 6.48 x 10° years, while 235y

207

decays to Pb with a mean life of 1.03 x 10° years.

In a certain sample of uranium-bearing rock the
238 235 206 207

proportions of atoms of U, U, Pb, Pb were
measured to be 1000 : 7.19 : 79.7 : 4.85. The rock
208

contained a negligible amount of Pb, usually the most
common isotope of lead, indicating that all the lead in

the rock came from uranium decay.

Estimate the age of the rock. [ 8]



(4)

(a) Mention three types of neutron sources and briefly

describe how neutrons are produced in each case.

Neutrons do not interact with matter in the same way as
charged particles do; explain why this is so, and describe
briefly the type of interactions that neutrons may
undergo. [ 9 ]

(b) The cross section for the reaction '°B + n— "1i + "He
is 4 x 10°b at a certain energy and it is the only
reaction that takes place.
calculate the fraction of '°B layer that disappears in a

year in a flux of neutrons of 10'° n.m %.sec’! ? [ 8 )

(c¢) The decay scheme given here is for Z:Cu decaying to ®iNi
64 3
and/or Zn
(1) explain the meaning of the symbols and describe fully
the particle and photon emissions that occur.

(ii) sketch, not to scale, separately the form of the

electron/positron and photon energy spectra. [ 8 ]
64
29
.C.~42% , R Emaxo‘ggo/MeV
+ , 19% ,
1 0.66 o*
hv maX Mev Zn (stable)
0+ 0 MeV

* 1.348 MeV
Ni (stable)
5.(a) Distinguish between the radiative and collision 1losses
in the interaction of fast electrons with matter
indicating their relative importance as a function of

electron energy and the nature of the absorber. { 8 ]

(b) Counters A and B are non-paralysable with dead-times of
50 and 120 micro-seconds respectively. At what true
event rate will the dead-time losses in counter B be
twice as those for counter A ? [ 2]



(5)

5.(c) An aluminium cylinder 5cm long is used in an experiment
to measure the total neutron cross section with a
well-collimated neutron beam. If the neutron detector
registers 2500 counts/sec with the cylinder removed from
the neutron beam,and 300 counts/sec with the cylinder
inserted in the beam, calculate the total cross section

of aluminium for these neutrons. [ 8 )

6.(a) Write short notes on (i) relative efficiency, and
(ii) energy resolution of a detector. [ 3 + 3 ]

(b) Sketch the output response that one would expect from
an "intermediate" size gamma ray detector in which all
the three major interaction processes take place.

Label the peaks and explain the features in the
spectrum. [ 9 ]

(c) The total time available to a certain counting
experiment is 45 minutes. This time is to be
sub-divided optimally between counting, (i) the source
plus background, and (ii) the background alone.

Find the optimal allocation of time that minimises the
expected standard deviation in the net source counting
rate. By what factor has the expected error been

reduced in the optimal situation ?

Given, a 20-minute count of source + background results
in 1500 counts, and the background alone counted for 20

minutes gives a total of 150 counts. [ 10 marks ]

--"End of examination --



