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THE UNIVERSITY OF ZAMBIA

UNIVERSITY FIRST SEMESTER EXAMINATIONS - MARCH 1998
BS 111

Theory paper

Time: Three hours
lnstructions:

Answer all questions in any order
All questions carry equal marks

An incorrect answer carries -1 mark
“| don’t know” carries 0 marks

Dor't guess
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3.

BS 111 Exam March 1998 - Section A: Ceil Biology
SECTION A: CELL BioLOGY

Think about the following statements and identify which does not make biological,
sense:

1) Some organisms are composed of only one cell -

2) Large organisms are composed of many small cells. -

3) Every organism, small or large, begins life as a single cell.x
4} All organisms begin life through the union of two cells.

~ 5) The cell is the basic unit of life. <

6) | don't know. .

Which of the following statements about biological molecules is not chemically
correct? -

1) Some molecules, like water, are held together by covalent bonds. x

2) The DNA molecule is held together by ionic bonding, only in places where its
bases occur.’ - '

3) Unlike hydrophilic polar compounds, non-polar substances are hydrophobic and
form aggregates in water.«

v4) Hydrogen bonds are weak associations formed between polar molecules

attracted to the same hydrogen. .
5) Biological molecules need to be very stable, therefore their atoms are always
linked together by covalent bonds. o

py | don’t know.

e

Only one of the following statements is correct. Identify it.

1) Polysaccharides are polymers composed of sugars linked together by.
- glycosidic bonds.- :

2) Energy storage polysaccharides include starch, protein and fats.x .

3) Fatsand oils are complex biomolecules made up of three nucleotides attached
to glycerol. x

4) None of the following molecules contain a combination of two or more
biochemical types: lipoproteins, glycolipids and glycoproteins. x

5) Proteins are biomolecules without a monomer molecule. «

6) | don't know.

Page 1 of 29



BS 111 Exam March 1998 - Section A: Cell Biology

4. Which of the following celf stfuctures matches with its function?

1) microfilament (storage)
2Y ribosome (protein synthesig)«<
< 3) cell wall (excretion) « ‘
4) mitochondrion (enzyme synthesis) +
5) vacuole (prevents cell from bursting)
6) | don’t know.

5. Which of the following struciures does not belong to a Eq_karyotid cell?

1) cell wall
2) plasma membrane -
-3} nuclews -
4} ribcsomes
5) cytoplasm
6) | don't know.

. 8. Which of the following structures does not beiong fo the protoplasm of a cell?

1} plasma membrane -
2} nucleus-
/ 3¥ cell wall
4) cytoplasm -
~  5) middie lamella
6) I don't know.

7. Which of the following items forms part of the plasma membrane?

1) globular proteins .~
2) nucleotidesx

3) carbohydratesv
4} coacervates -

5) RNA «

6) | don't know.

8. Identify the chemical which crosses the plasma membrane by diffusion alone (not
the ones assisted by membrane proteins). )

Page 2 of 29



n
g

et

fes

S35

iy




BS 111 Exam March 1998 - Section A: Cell Biology

1) the 4-centimetre cube example \

2) the eight 2-centimetre cubes example

3) cell efficiency is not dependent on surface/volume ratio

4) all examples would have the same surface/volume ratio
- 5) the sixty-four 1-centimetre cubes example -

6) | don't know.

13. The following is a chemical reaction catalysed by an enzyme E. The reactants are
represented by the letter R, while the products are represented by the letter P.

E
R e P ¢

Which of the following statements is true:

1) When the concentration of R is high and the concentratson of P is low the
enzyme activity is highest. :
2) When the concentrat:on of P is high-and the concentration of R is !ow the
~enzyme activity is high.,
.3) When the concentration of P equals that of R the chemlcal reaction proceeds .
faster in the direction of P.
4) When the concentration of E somehow drops, the reaction stops.‘wf
5) When the concentration of E is somewhat increased the concentration of R
similarly increases. .-
6) I don’t know.

14. Name the important nucleotide that is the ‘energy molecule’ in cells:

1) NADH

2} RNA

3) ATW

4) Adenine

5) Cytosine

6) | don’t know.

15. State where the Krebs cycle is believed to occur in the cell:
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BS 111 Exam March 1898 - Section A: Cell Biology

1) in the chicroplast

2) in the endoplasmatic reticulum ("
3} in the mitochondrion ;
4} in the ribosome

5) in the Golgi bodies

6) | don't know.

16. Which of the following statements is faige?

1) Mammalian red blood cells do change in size in an environment of changing

salt concentration.

4 2) -t mammalian cells are transferred from plasma to a less concentrated solution,

they sweh.

4 3) It mammalian cells are transferred from plasma to a more concentrated

solution, they nommally shrink.

¢ 4) When mammalian cells which were previously in plasma are placed in a

/'

hypotonic solution for a prolonged period of time, they would completely shrink.

. 5) It mammalian cells were moved from a hypgtonic solution to a hypertonic

solution, they would shrink,
6) | don't know.

17. One of the foliowing is pot a macromolecule. Identify it.

1) Insulin¥
2) DNA-
3 Glycine- f
4) Glycogen
5) Starch-

~ 6) | don’t know.

18. Which of the foliowing molecules would require the least energy to prepare it for

the process of glycolysis?

. 1) cellulose
2) glycogen —
3) sucrose -

J 4 glucose. .
5) pyruvic acid
8) | don’t know.

19. Proteins are large complex molecules made of simpler subunits called ...... , that

are joined by ...... bonds.

Page 5 of 29



RS 141 Exam March 1383 - Section A Cell Biology

1} nucleotides, hydrogen
2} giycerc!; disulphide

3} amino acids; peptide
4} nucleic acids; glycosidic
5) steroids; pyrophosphate
8) | don't know,

20,

2

hat is the main function of the Golgl complex?

:fjv

“modifies, packages and sorts oroteins o vacuoles and other organeties
?{'a‘ﬂbmﬁﬂ and stores materials, wastes and water.
aéi@ of many diverse metabolic r@d{:tzcms
} site of synthesis of polypeptides ¥

5 ap id biosynthesis and drug detoxification

i
e “owzaed

f»wz»

B 1 don't know.

21.

™
[y

Page

The citric acid cycle must turn ... times to process the acetyl coAs formed from
one maolecule of glucose. ‘

[« N1 B OV I A& R
e Voo ongee® e ot Mgt
o g oy prds
5
-
D
D

§ et berngar
oL Qont Enow

The two chains of DNA are held together threugh special bonds between adenine
and ..., a‘:m:é batween guamm« and ... .

1} thymine; cytosine v
ﬁyéusmb guanine
cyiosine; uracil
uracil; thymine
guanine; cylosine
don't know,

Lar i

B A i Sl

o5 L

3. The pH of the human blood stream is kept more or less the same through the

action of:
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B3 111 Exam March 1898 - Section A Cell Biclogy

1} hydrogen cyanide

2} the ion hydrogen carbonate *
3} hydroxide ions - N
4} carbon dioxide only

5} hvdrogen ions

6) | don't know.

24 Which of the following statements is not true about the properties of water as a
biclogical solvent?

1r A lot of energy in the form of heat is required to change it through one degree +
Celsius.

2} Bewuge itis polar, water adheres to other substances.

'} The ph of pure water'is neither acidic nor basic. -

1) Water can easily be transformed info a gas by simply raising its temperaﬁure

5} Water easily dissolves ionic substances.

6} I don't know,

J}- fa N

v

71

25, Why did life have to start on earth and not any other planet in the stlar system?
1Y Only earth had gw&wwi ng life.
SZ‘; Only earth had oxygen in its early atmosphere. -
3} Earths g:m&i n in relation to the sun was one of the critical factors. -
4} Earth's early &%mf}ag}hem had pra-existing niasma
&) Because @&f’“r i5 very close to the sun.
8} | don't know.

26. Louis Pasteur won the prize offered by the Paris Academy of Sciences, when he
demansﬁaﬁm i his rerarkable experiment that spontaneous generation is not
passible in the absence of already living organisms.

I which year did Louis scoop the prize?

*1) 1880
2) 1864
3) 1936
4} 18106
5 1920
8} | don't know.

27. The removal of -NH, from a molecule of an amino-acid is an example of:

Page 7 of 20



B3 111 Exam March 1998 - Section A Cell Biology

1) hydrolysis

2} reduction

3) decarboxylation -
“#) deamination -

5) phosphorylation
&) | don't know.

28. Duning the formation of fatty acids, the condensation process of the subunits leads
to the formation of a special bond cailed ...... .

1) a covalent bond

2} anionic bond

3) an ester bond c-/
4) a hydrogen bond

5) a hydrolysis bond

6) | don't know.

29. A nucleotide is made up of three parts. Which of the following groups contains the
" correct three subunits which constitute the RNA molecule?

1);33 pentose sugar; a base; a phosphate group
- 2} aribose sugar, a base; a phosphate group~~
3) a deoxyribose; a base; a phosphate group -
4 aribose sugar; a phosphate group; deoxyribose
_B) a hexose sugar, a phosphate group; a base
" 8) | dor't know, '

30. Which of the following statements is false?

1) animal and plant cells havevacuoles

2} in plants, vacuoles are largest in mature cells <

3) modermn research has shown that the model of the plasma membrane is a fluid |
mosaic one.;’

4) carbon dioxide and oxygen, which are both non-polar, are insoluble in lipids ./

5) the cell wall is porous, permitting both large and small molecules to pass with
relative ease. »

6} | dom’t know.

31. A growing cell has a celi cycle. Which stage is the longest?

Page 8 of 29



BS 111 Exam March 1998 - Section A: Cell Biology

A) synthesis phase
2) cytokinesis
_3) G1 phase -
4} mitosis
5) G2 phase
6) | dor't know.

32. You are examining a dividing cell and obsarve the following conditions:

The cenltromeres duplicate themselves. However the daughter centromere remains
attached to one of the doublet chromosomes. The daughter chromosomes are
apparently dragged away fo opposite sides of the cell.

At what stage of celi division is this cell?

1) Leptotene phase ,
2) Telophase

3} Metaphase

4) Anaphase -

5) Prophass

6) | dont know.

|

33. During meiosis chiasma formation between chromosomes ocours during:
R A——-—

1) early prophase
2) metaphase

3) anaphase

4) telophase

5} late prophase..
6) | don'tknow.

34. What do you understand the term synapsis to mean?

- 1) The independent segregation of a homologous pair of chromosomes.
2) A condition which occurs in meiosis 1, when doublet chromosomes drift away
from each other.
3 A situation in meiosis I when two corresponding chromosomes come to lie
beside each other,
4) A condition in meiosis when chromosomes cross over.
. 3} A condition in meicsis when chromosomes fragment into smaller pieces.
“8)\ don't know,

[
35. Which molecule during glycolysis is the first molecule to receive inorganic -
¢ » |

Page 9 of 29
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37.

38.

BS 111 Exam March 1898 - Section &: Celi Biology

phosphoris? (NB. Names given are of the molecule before it receives a

phosphate.)

1) glucose

2} glucose-S-phosphate
3} fructese-1,6-diphosphate
4} glvceraldehyde
eraldehyde phosphatle

T know.

2

. Which molecules during glycolysis breaks down into dihydroxy acetone phosphate

and glyceraldenyde phosphate?

nhate

1) fructoss-G-phiosphat
2} fructe Tfphmﬁphata)

3y 1, 3-diphosphoglycerate
4} phosphoenolpyruvic acid
5) pvruvic acid

6} ! don't know.

Given the following hypothetical reaction:

XH, + A

Which malecule has haen oxidized?

1) XH,

2) A

31 AH,

4y X

5) A and A,
6) | don't know.

The Kreb's cycle is known by many other names. But why is it referred to as the

citric acid cycle by kome authors?

1) Citric acid is the first chemical compound produced by the Kreb's cycle. /

2} Citric acid yields the highest energy of the chemical compounds located in the
Kreb's cycle.

3} Citric acid is the cne molecule which drives the Kreb's cycle.

4) Citric acid is named after the founder of the Kreb's cycle.

5} Citric acid is the recipient of carbon dioxide molecules.

8) | don't now.

Page 10 of 29
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BS 111 Exam March 1998 - Section A’ Cell Biology

. What are some of the end products of the Kreb's cycle?
1) H,0, CO,, NAD and FADH «_

v ,2) ATP, H,O0'NAD and FADEK

40.

41.

3) H,0, CO,, ATP and FADH»..
4) H,0, CO,, NAD and ATPS,

3y ATP, CO,, NAD and FADH

6) | don't know.

The highest number of ATP molecules are produced by which biochemical
process?

1) glycolysis
-2) Kreb's cycle .
_3) respiratory chain ..

4) cilric acid cycle

5} fermentation

6} | dom't know.

During aerobic respiration, which molecule serves as the final acceptor of electrons
during oxidative phosphorylation?

1) oxygen v~
2) water
3) carbon dioxide

- 4) hydrogen —> Ty, g

5} cytochromie a
6) | don't know.

. Which of the fallowing statements is false about chromosome structure?

1) The DNA molecule is neatly packaged with the help of histones. x
2) Eight histones are closely associated with the DNA molecule.
4) Four kinds of histones are closely associated with the DNA molecule.
4) Most of the DNA in a cell is inexpressible in genetic terms.
o) About ten to fifteen nucleosomes make up a gene.
_-B) 1 don't know.

Page 11 of 29



BS 111 Exarm March 1998 - Section A: Cell Biology

43. The common thread of life which supplies evidence for th@ evobutionary kinship of

organisms as descendants of the same early ancestor is

1} the desxyribonucleic acid

23 the ribonucleic acid ,

3} nicotindmide adenine dinucleotide
4} a coacervale

5) a protein

6} I don't know.

44. What kind of proteins participate in the movement of substances across the plasma

membrans?

1) keratin
<2} globular

3} tubulin

4) glycoproteins - -
5) lysine

6) | dor’t know.

45. Which of the following statements is false?

1} Lipids are insoluble in polar solvents.
2) Lipids are insoluble in water.
3) Lipids are a high calorie substance.
—>4) Lipids are useful energy sources because they release energy readn!y 4
5} L:pm contain the slements carbon, hydrogen and oxygen. 5
6} | don't know.

46. The following is the chemical formula for aercbic reapwﬁion

C.H,,O, nﬁ-ﬁ@# + 6 H,0 =————w3= §CO,+ 12 H,0 + Energy

Which of the joliowing statements is true?
1) Glucose is oxidized to water
2} Oxygen is oxidized to carbon dioxids®
3 Water is redumﬁ to carbon dioxide |
4pGlucose is neither oxidised nor reduced .
5} Oxygenis rcéducee:i to a molecule of water
G) Edon { know.

47. The energy requirements for a cell are produced by one of the following organelles:

Page 12 of 28
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49.

50.

BS 111 Exam March 1898 - Section A: Cell Biology

1) smooth endoplasmatic reticulum
2) lysosome

3) mitochondrion

4) plasma membrane
5) nucleus
6) | don’t know.

Prokaryotic cells lack:

(a) a nuclear membrane ,

{b) membrane bound organelles like mitochondria
(cyDNA -

1) answers a, b and ¢ are correct »
2) answers b and ¢ are correct

3) only answer a is correct

4) only answer ¢ is coirect +

5) answers a and b are correct v
6) | don't know.

Phosphoryiation of ......, which requires an input of energy, leads to the formation

- of adenosine triphosphate.

1) ADP\/

2) NAD

3) NADH

4) NAD"

5) FADH

6) | dun't know,

The plasma membrane is considered to have the following strucure:

1) a uniform sheet of protein with pores at intervals

2) a uniform sheet of protein with cilia at intervais

3} two distinct layers of lipid molecules

4) phospholipid molecules embedded in a layer of protein
5 protein molecuies embedded in a phospholipid bilayer |
6) I don't know.

Page 13 of 29
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B3 111 Exam March 1898 - Section B: Genetics

SECTION B: GENETICS

. For a given trait, the two alleles of a gene are not alike. An individual possessing

this gene combination ig said to be:

1) homozygous for that trait.
2 heterozygoeus for that frait.
-3} recessive for that trait.

4}  pure for that trait.

5} carrier for that trait. /

8) |don't know. ~

Three statementis are made:
A. A recessive sex-linked trait will not be expressed in females,. -
B. If a boy expresses a recessivesEx-linked trait, then its father will express it as

El

well \
C. When a mother expraesses a recessive sex-linked trait, all her male children will
axpress it as well, _ <

Choose the correct allernative:
/f}/ All statements are correct. M
2) All statemenis are faisey
3) Statements A and B are correct, statement C is false. |
4) Statements A and B are false, statement C is correct.”
5) Statement A is false, stalements B and C are correct.”
6) |don't know.

53. A man of blood type AB marries a woman of blood type A, - What are the possible

54.

types of their offspring if the woman's mother was blood type 07
W ‘
1} ABonly - A Lol /
2) Aand B only R ' ‘ ~o
-3) A;Band AB>
4y A, B, ABand O~
5) pure for that trait
6) |don't know o

bopp

If a colour blind man marmes a woman who is a carrier for colour blindness and
they have two daughters and two sons, it is possibie that:

»(kv A



56.

58.

BS 111 Exam March 1888 - Section B: Genatics

1) ali their sons will have normal colour vision ~
2) all their daughters will be colour blind
3) all their children will be colour blind «

4} half their children will be colour-blind and half will have normal colour vision

D)} choices 1, 2, 3 and 4 are'each possible,_ — -~
6) |don't know

Mie

. Male gametes can be preduced through meiosis with non- dlSjﬁhction of the sex

chromosomes. When these male gametes fertilize female gametes produced

through normal meiosis, the following genotypes can be formed:

1) XXX, XXY, X0 and Y0 DXy 3
2) XXY, XYY, XY and YY~ E , ©
3) X¥andXX . oo T T
4) XXY, X0 v ARFAAINE CITE

5) XXXY, XY, X0, 00 «
6) |don’t know

Four-o'clocks possess one gene for flower colour. Their ﬂcwers can be red, pink
and white. When two four-o'clock plants are ¢rossed, 48 pink four-o'clocks and 52

white four-o'clocks are produced. The phenotypes of the parents are;

1) pink-and white &~ Prow Lol )(CX Yox
2) pink and red | U Ao R
3) pinkand pink ‘ e ,><W W&
4) red and white T ‘ /
5) red and red Cow 7
8} Idontknow ] xX = -

W ¢ x ‘ ¢ N\'C K ~ / Al I ‘:\*';‘l

concept known as: \?’"j —> lovewns oo \)\N\f @3«,
1)} gene interaction
2) muitiple alleles s DA ' .
3) incomplete dominance '

4) sexlinkage.

5) independent assortment -

6) |dont know

s . . ,
Ty, »;{, ‘b‘\ﬁhm E"eb’x ¢ = ‘V)‘MMY\ {';‘3» :t » N

A
A

. A boy has brown hair and blue eyes, and his sister has brown hair and brown-eyes. =~
The fact that they have different combinations of traits is best explained by the

Phenylketonuria (PKU]) is an inherited condition characterized by feebleminded-
ness. The symptoms of the disease result from the inability a particular gene to

synthesize a certain type of:

Page 15 of 29



B3 111 Exam March 1998 - Section B: Genetics

M) enzyme -

2) nutrient Setwes
3) blood celi

4) Dbrain cell

5) aming-acid *
6) |don't know

N
59. Consider the pedigree below: = -
{/'/.”::i\ (
' \-,,// 5 “Jf‘v;a‘
1

1l

il

The persons with darkened symbols in the pedigree express a certain inherited
disease. The man 1.2 comes from a family with a tradition of consanguineous

marriages {inbreeding). All his brothers, sisters, uncles, aunts and grandparents
have the disease.

Choose the correct alternative:

1) The allele determining the disease is sex-linked and recessive, )
2) The aliele determining the disease is sex-linked and dominant.

3) The allele determining the disease is autosomal and recessive.

4«)(/‘F he allele determining the disease is autosomal and dpminant.

5) No definitive choice can be made from the four alternatives above, because
the information is not sufficient. we wa
6) |don’t know.

Page 16 of 29
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60. The development of a bee's egg without fertilization is known as:

1) vegetative reproduction
2) meiosis

3) replication

4) metamorphosis

5) . parthenogenesis -

6) ldon't know

61. During meiosis, portions of one chiromosome may be exchanged for corresponding
portions of its homologous chromosome. This process is known as;

1) recombination :
2) nondisjunction
3) polyploidy. =
(&Y crossing-over
/" 5) hybridization ¥
6) |don't know

The following introduction belongs to questions 62-64. The fruit fly possesses a gene
for body colour pattern and a gene for eye colour intensity.

S = the allele for normal body, s = the allele speck body

D= the allele for dark éyes d = the allele for light eyes.

The foliowing cross is executed: SsDd x ssDd. The table below specifies the -
- phenotypes found in the offspring and their observed numbers.

ﬂPhenotypeﬁ Observed number H '{ -
| Normal body, dark eyes . a3 ] % % 1 ,,‘_‘,,,’_‘ REE,
i Normal body, light eyes 18 124 wa 40
Speck !;cdy, dark eyes 74 TN ! " 2
H Speck body@ht eyes . 37 QQ - ?bm 1 Z . 0%
i “7 2

Determine whether these genes are linked or not, using the x* test. The x° table is
appended to this exam paper.

%D_ o8 \i.lj_

\ N
' R . . o L
: AP NN 6 N | : Page 17 of 29
N a5 \_‘) ,:L > T : . o l»
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62. The x* value is:

1 73

2y 87

3) 9.8

4) 63.0

5) 853

6) |don't know

63. The probability is:

1Y between 1 and 5%
2) between 5 and 10%
3) beitween 10 and 20%
4) 20%

5)  greater than 90%

6) Idon't know

64. The genes are.
1) linked.

) notlinked. -
3) |don't know.

65. In the mouse coat colour is detenmined by two genes. The following cross is
executed: AaCc x AaCe.’ The offspring contained the following phenotypes and

numbers: agouti 106~ & 4
aibino  50; G b
black, 12 | . !

This modified Mendelian ratio is caused by:

,‘k)/ lethal aliele

"2} epistasis -

3) linked genes -

4} incomplete penetrance -
5) variable expressivity

8) ldon'tknow

Page 18 of 29
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66. Epistasis is:

1) the interaction between two genest
2) the cooperation between two genes~

A% the inhibition of expression of one gene by another—
4) the stimulation of expression of one gene by another
5) the equilibrium between two genes« ‘
6) |don't know. ‘

- 67. Three statements are made:
“A. Lethal alleles are mostly recessive for their deadliness.”

C. Lethal alleles are never dominant for their deadlinesy

P b fia

Choose the correct alternative: ’

1) Al statements are correct.

2) Ali statements are false. ,
3) Statements A and B are correct, statement Cis false.
4) Statements A and B are false, statement C is correct.
5) Statement A is false, statements B and C are correct.
6) ldon't know.

1) phenotypically discontinuous variation
2} phenotypically continuous variation

3) genotypically discontinucus variation

4) genotypically continuous variation

5) both genotypically and phenotypically continuous variation
gy | don’t know

A
o

69. The frequency of the genotype aa among humans is 0.4, the frequency of the
heterozygote genotype is (.32, What is the probability that a marriage will

constitute the genetic cross Aa'x ag? .

1) 013V /[ A
2) 0.26 ' c :
3) 0.36 '“

4) 052

5) 0.72

6) ldon't know

Page 19 0f 29



BS 111 Exam March 1588 - Section B: Qenstics

The following introduction refers to questions 70 and 71. The pedigree below shows the
occurrence of retincblastoma (a disease of the retina of the eve leading to blindness,
darkened symbols) in two families.

Ao (q
| (==
~ - ‘» .
o
CL T T 1
N e - g Py \ ST
w0 &fm () DI () C )
R S22 AN R f.t’gﬁl M e’
] 2 3 4 A . & ]
i ?

70. Choose the correct alternative:
1) The sliele determining the disease is sex-linked and recessive
2} The aliele determining the disease is sex-linked and dominant.
3) The allele determining the disease is autosomal and recessive.~
4) The allele determining the disease is autosomal and dominant,
5} No definitive choice can be made from the four alternatives above, because
the information is not sufficient A
6} ldon't knawca,

71. What is the probability that couple 1.4 and 1.5 will have a normal child?

4 0256 -

2y 050

3) 075

4) 0.81

5) 0.88

8) Idon't know

72. A plant is reproduced by cutling the stem In several pieces and planting them in
another area than the mother plant, with different conditicns of fertility, rain fall and
sunshine. Compare the daughter plants with the mother plant.

Page 20 of 28



e

BS 111 Examn March 1998 - Section B Genstics

1} +The daughter plants will have the same genctype and the same phenotype.

2)~ The daughter plants will have the same genotype and a different phenotype. -

3)«. The daughter piants will have a different genotype and a different phenotype.

4)+The daughter plants will have a different genotype and the same phenotype.

5) « The daughter piants will have half the genotype of the mother plant and a
different phenotype.

6) [don't know.

A

o

This introduction belongs to questions 73 and 74. The picture above shows a rabbit with
a colour pattern known as Himalayan (A, white body, black extremities). The genotype
of this animal is bb. This recessive allele produces’an enzymé that cah s synthetise a
black pigment. When part of the white fur is shaven, and an ice-pack is applied to the

73.

74.

bold patch (B), the hairs that grow back are black (C}.

i

The white fur on animal A represents a phenomenon known as:

1 incomplete peneirance
- 2) variable expressivity

3. gene expression influenced by the environmernt
4) albinism "X

5) recessivity

6) |don't knows

The black patch of regrown hair on animal C represents a phenomenon known as:

1) incomplete penetrance
2) variable expressivity

-3} gene expression influenced by the eﬁmﬂmﬂmenm .

4) melanism
5) dominance
6) |dont know
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75. The offspring of a large number of marriages between achondroplastic dwarfs has
been analysed, with the following results: 304 dwarf children = - = R
: 144 children of normal height
Analysis of marriages between dwarfs and people of normal height gives the
following results: 54 dwarf children L \
51 children of normal height

\

Based on these resuigs the following conclusion can be drawn:
1] the dwarfism allele is incogpletely penetrant .

2) vthe dwarfism trait shows epistasis

3) vthe dwarfism allele is lethal’
4) ¥ the dwarfism gene shows nommal Mendelian ratic’s

5) (the dwarfism ailéle is incompletely dominant

6) |don'tknow ’

78. The frurﬁ fly possesses a geng for of eye appearance .:md a gene for wing size.
C = the allele for normal eyes, ¢ = the allele for clot eyes
V= the aliele for normal wings, v = the aliele foi vestsgzc%% wings.
The toliowing cross ie exovutad: CeVv x cevy. The table below specifies the
phenotypes found in the citspring and their observed numbers.

H Phanupﬁ Observed number
!! Clot eves, normal wings 208 < ce V_
Clot eyes, vestigial wings 155 |
§ Nutal eyes, norme! wings . 1 149 - |
e ‘ D g
HNor: sos 2 | C “N—
Based on these resuls the following concli 2ion can be drawn:
} Alleles ¢ and_\é are linked, Niveol Mz , Novimal Nowws | o0 ‘cj'-“» | Ve
2) Alleles Cand V are i nked— ] 4 1 .
3) Alleles C and ¢ are linked ' : ~ l

Afleles V and v are linked
The genes are independent
6} |don't know.

S
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77. Persons lil.1 and 1.4 in the pedigree below are:
1)
2)
3)
4)
5)
6)

nephew and Uncle
nephew and auntv”
niece and uncle
niece and aunt
cousins

| don’'t know

78. The dihybrid cross A AAR B X 38878 will produce:

79.

in enoited catlie,

am

4 different genotypes and 4 different phenpotypes
8 different genotvpes and 4 different phenotypes
6 different genotypea and € differert phanatypes
9 different genpiypes and 4 different Phenotur-s
9 dlffe.éﬂf Qﬁﬂﬂ?fwg g § csfa it pn@notypeb
| don’t kyiow

e coloured regions may be mahogany or red. A red fema!e and
ahoguny maie hoth from pure Met,, are rated. Their offspring is mated lo each

other. The resulting ¥, consists ¢ ,f me ahogany males, % red famaies Ya red maies

and

Vs mahogany temales.

Choose the correct siternative:

1)
2)
3)
4)
5)
6)

the trait is sex-linked

the traif is sex-limited and sex-linked

the trait is sex-influenced and sex-linked
the trait is sex-iimited and autosomal
the trait is sex-influenced and autosomal
| dom't know

o , : !
) i
{ i
/ !

/

e—

SO \fjd gl ¢
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BS 111 Exam March 1988 - Section B Genetics

The probabilities associated with values of x* :

m PROBABILITY — . mm
-

g ww G 0.27 0.06- 016
Z12 W 9.2 6.0 4.6 3.2 2.4 1.83 1.30 1.02 0.71 1 0.446 | 0.211
213 m 1131 . 78] 6.3 4.6 3.7 295 1 237 1.87 1.47 1 1.005 | 0.584
m 4 Ww 433 9.5 7.8 8.0 49 | 4.04 3.36 2,75 219 | 1849 | 1.064
515 15.1 11.1 9.2 3 6.1 5131 435 | 368 3.00 | 2363 | 1610

_Mm 6 16.8 12.6 10.8 8.6 72 1 821 535 | 457 3.83 | 3.070 | 2.204
i ” 18.5 14,1 12.0 9.8 8.4 7.28 1 6.35 549 | 467 ! 3822 | 2.833
als w 20.1 15.5 13.4 11.0 951 8351 7.34 642 | 553 | 4504 | 3.490.

Frshm 21.7 16.9 14.7 12.2 10.7 9.41 8.34 7.36 6.39 | 5.380 | 4.168

o7
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CELL MOLECULARW OLGGY AND GENETICS
THEC

TIME : THREE HOURS
ANSWER : THREE QUESTIONS

1. Write brief, concise notes on the following
a) The essence of template dirccted nucleic acid svntbesis.
b) Life and the steady state from bicenergetics point of view.
¢) The indispensable role of water as the universai solvent in biological systems.

1 2. Explain in detail what is meant by Michelis-Menten Kinetics and the Double-Reciprocal
Plot.

-~

3.

valine
glyeine :
aspaitate lysine

b) For each of the following pairs

3 s more likely to
be found in the interior of a protein a

=

alanine;giycine g aaparta
tyrosine;phenylalanine metlionine; c;tj;st&iz}

¢} Explain why cysteins with fize &
exterior of a protein molecule,
more likely to be buried w the interios

oups tend to be localized on the

mvaived i disultide bonds are

of the n‘m‘ietzule.

4. a) The hydrolysis of glucose-&-phospha. . 2 and phosphate is ap xmpur&mi
step in glycogen catabolism. The free glucose formed by this reaction i3 released
mto the bloed for transport to cells in nea,d of energy ’

glucose-6-phosphate + HO —» ¢

wose + phosphate

AG” for th;s reaction is -3.3 keal/s °C and pH 7.0



If the concentration of glucose-6-phosphate is changed to 20 1M and the con-
centrations of glicose and pbosphate are changed to 5 mM each, and assuming
that the appropriate enzyme is present fo catalyze this reaction at 25°C, which
direction would you expect the reaction to proceed.

/ The following reaction is another st ”—‘p in glycogen catabolism that precedes the

u

hydrolysis of glucose-6-phosphate discussed in p oblem a) above ¢
glucose-1-phosphate <> glucose-G-phosphate

K’ for this reaction is 19.0
Assuming that the appropriate enzyr:

& present to cetalyze the reaction,

i/ In which direction is the reaction thermudynarmcally feasible under standard
conditions.

i1/ If the cellular concentrations of gloco: se- -}-phosphate and ghicose-6-phosphate are
equal, in which direction will the reac

o Nproc e il

5. Write brief, concise notes on thige the following

a) Phospholipids are important in membrane structure

b) Energy of C-C bond compared {0 ensrgy of solar radiation.

¢) Formation of the protein tertiary structure.

cinds of glvcosidic bonds volved.
» measure of directionality,

M

e

d) Polysaccharide structure depends on th
e) The equilibrium constant of a reaction as

EIRITY T OER ANVl U
FLiNEd U DAAIVE N A L N
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F UNIVERSITY OF ZAMBIA

THEGRY PAPER

r'L

=

: THREE HOQURS

INSTRUCTIONS:

1. ANSWER FIVE QUESTIONS: TWO FROM SECTION A, THO FROM

SECTION B AND ONE FROM EITHER SECTION A GR SECTION R,

2 ANSWER SECTIONS A AND B IN SEPARATE ANSWER ROOKLETS.

SECTION A: CELL MOLECULAR BIGLOGY

L. Use the interconversion
glucogse-6-phosphate <=> fructuse-d-phosphate
of the QIY<O1Ych pathway, to illustrvate the caloulation and
utility of AG®' and AG', given the followi g
K'egq. = 0.5
{glucose-6~phosphate] = 83 pM in human blood cells,
rfruv‘ose—S-phasphate] = 14 uM in human blood cells.
R = gas constant (1.987 cal./mal-K),
T = use standard temperature of 238K {25°C)
Use log. {tc the hase e).
). Write brief concise notes on THREE of the following topics:
a) The effect of temperature on the active site of an
enzyme,
b The effect of pR on the active gsite of an enzyma.
J e :
o) The Lineweaver-Burk Daduble Reciprocal Plot
a) The energy of the C-C band and the ozone laver



. Tn studying the kinetics of the hexokinase. an important
enzvme which catalyzes the phosphoryiation of giucose by
using ATP as a souvce of both the phospate group and the
energy needed for the reaction

glucose + ATP <==> glucose-6-phoaphate + ADF

and by using the Double Reciprocal Plot {Lineweaver-Burk
equation), Vmax and Km were found to be 770 ol /min and
0.15 mM respectively.

z) Convert the Double-Reciprocal Plot to the classic
Michaelis-Menten Pio,.
b) Show the advantage and oldevan\aue of the
Michaelis-Menten Plot, '
. Describe in de ipids as

COHﬂtl usntq of

. Describe
ay the sequential steps covered in the synthesis of
bhiopolymers and
b for each step give =

back up yvour explana

. Critics think that Mendel may have "wassaged" data to
support his observations. Adgree or disagree

. Trace and provide genetis evidence that showed that Mendel's
particulate determinants of inheritance were located on
chromosomes.

. Elucidate the Watson-Crick double helical structure of DNA.

. Using a named example, show how prokaryvotes control
expression of their genes.

. Discuss how environmental factors can influence the genetic
material of an organism.

END OF FEXAMINATIOR

[\
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BS 221
FORM, FUNCTION AND DIVERITY OF PLANTS
PRACTICAL PAPER

TIME: TWO HOURS

ANSWER: ALL Questions in Section A and B

Instructions: You are allowed 5 minutes to examine each specimen and answer the
approciate question. At the end of each 5 minute period you will be

directed to move to the next postion on your right, or as you may be

instructed otherwise.
Name (surname first): Computer No::
SECTION A
1. Comment on specimen Al and describe its:
(i) thaltus feature
(11) phase of life

....................................................................................................................................

D R R L R R L R Y




2. (2) Draw a portion of the specimen A2 and label three (3) important cell types of
its morphology:

(b) Assign the specimen to:
Division:
Class:
Order:
Family:

Genus:

3. Examine A3 and describe its:

(1) thallus type

(i)  cell shape
(iii}  taxonomy to include,
Order:
Family:

Genus;



6.

Draw a small portion of specimen A4 and show its structure and :

(1) label three parts
(1)  name the division to which it belongs
(iti)  identify the specimen

....................................................................................

Draw and label the structure shown by specimen AS:
(1) give its generic name
(i)  describe the following taxa
Order:
Famuly:

Genus:

Draw a vegetative cell of specimen A6 and label:

ad



(1) the cell shape
(i) the chloroplast type

(iii)  the protein bodies on it.

7. Examine specimen A7 and describe its:

)] cell shape

............................ eatouan | LioiReetEearisriesieseeseiatinenseaneiaastasasennans s e neneas
(i1)  chloroplast type
.............................................................................. PEYST A LR LR AR AR
(i)  identification
8. Examine specimen A8 and describe:
(1) the structure seen

(i)  its branching
(i)  parasitism

(iv)  generic name



............................................................................................................

9. Reconstruct the stages in the development of the sexual structure seen here in

specimen A9 and label its parts duringits development and the final product.

Identify the genus

............................................................................................

10.  Draw and label a portion of specimen A10:

Identify the specimen

.............................................................................................




END OF SECTION A

Name (surname first): Computer No.

..........................................................................................................................

SECTION B

11. Make a microscopic study of specimen B1 and set out to:

(a) draw the overall structure so revealed

(b) name the structure so depicted

12. Carefully examine specimen B2 and then:
(a) make an accurate iscphalngical description of the specimen:

R e R R T D

(b) identify the specimen to its major taxonomic group:

Name of taxenomic group:.........ceveoveevevneveconeronnnon,



13..  Examine specimen B3 and thus:

(a) draw and label features of botanical interest

(b) determine the major taxonomic group to the level of the division:

14. Draw and label specimen B4 provided and then:

(a) identify the most perculiar feature(s)

.......................................................................................................................

(b)  identify the organism up to the generic level:



15, Critically examine specimen BS and proceed to:

(a) Comment on some features of ecological significance displayed:

....................................................................................................................................
....................................................................................................................................
.....................................................................................................................................
....................................................................................................................................

....................................................................................................................................

16.  Examine specimen B6 under the microscope and set out to:

(a) draw a skeich of the principal tissue types;

(b) use the dichotonous key given in Sheet 1 to identify the nature of the vascular

system:

7. (a) Describe the structure of the organ displayed by specimen B7:

e A e U



.....................................................................................................................................

O L L L LR R TN D T T

....................................................................................................................................

....................................................................................................................................

....................................................................................................................................

..................................................................................................................................

B L R T R T R L L L LR L E L T T

Examine specimen B8 and idertify it with reasons to:
{(a) the generic level:

R L L T L R T T T R Y R R T A L E R il r

(b) the division level:

.....................................................................................................................................

...................................................................................................................................

Make a microscopic examination of specimen B9 and then:

(a) name the orgamstn displayed: cooiieonecieceii e, e ereteenar e ene s ereas -
(b) describe .oe ploidy leve! attained by the organism:

.....................................................................................................................................

B R R T R R L T R O R T T

G



.............................................................................................

20.  Use the hand lens or dissecting microscope to examine specimen B10 and then:
(a) describe the species ecological significance in Zambia:

....................................................................................................................................

................................................

END OF EXAMINATIONS

10



[

BS221
PRACTICAL PAPER
SHEET 1: KEY TO THE IDENTIFICATION OF STELE TYPES

Central core of vascular cylinder occupied by solid xylem tissue...(Protostele).............2

Central core of vascular cylinder occupied by pith or entire organ with discrete

vascular bundles embedded in matrix of ground tissue........cooovve i 4
2. Cutline of xylem cylinder more or less circular..........ol Haplostele
2. Outline of xylem cylinder star-shaped or arranged in longitudinal plates............. 3
Xylem mass star-shaped 1 oUtHNE. .o e Actinostele
Xylem mass arranged in longitudinal plates.........coii Plectostele
4. Vascular tissue forming continuous cylinder............... (Siphonostele)................. 5.
4. Vascular tissue consisting of discrete vascular bundles............cocoovieiinninnn. 6
Phloem located on external surface of xylem cylinder............... Ectophioic Siphonostele

Phloem lccated on both external and internal surfaces of xylem cylinder............c...o....
.................................................................................................. Amphiphleic Siphenostele
6. Vascular bundles scattered in ground tiSSUE....c..covnrvcriiniceincerenenne Atactostele
6. Vascular bundles forming One Of MOTe TIZS. ...ccoreiniereriicieeriere o 7
Phloem located external to xylem fSSUC. ... e earaee e Eustele
Phleem completely surrounding the xylem tissue............. e e rs Dictyostele

KA RN RN AR A RN AR A AL IR RRAL IR L AN RN E AR LR H A AR AT REd sk

11
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BS 319

BIOSTATISTICS

{THEORY PAPER)

THREE (3) HOURS

(NSTRUCTIONS : HNSWER TWO QUESTIONS FROM SECTION A AND

L, e

THREE QUESTIONS FROM SECTION B.

" SECTION A

What is the relationship between a histogram and a frequency

polygon.
The mean is not always a good measure cf data dispersion. Why?

Under what conditions is one likely to commit type 1 error in
statistical work.

Describe the two main sampling designs in research work.
SECTION B

In a family of 12 children born to the same parents, the first
six children born were boys and these were followed by six
girls. 1Is there any significant difference between the
obsexrved frequencies of the sex of the children and the expected

frequencies.

h researcher analysed the content of exchangeable phosphorus
in burnt and unburnt soil and obtained the following results:

I {

i !
! i

oil type Phosphorus Content {mg/kg)
. e o e e e , S
urnt | 20.9; 21.6 ;13.8 | 35.0 | 22.1 '32.2 16.6 [26.6 | -~
] | | | | f f |

z L , ! | ; ? i !
burat | 7.9113.3 [35.3 1 5.8 32.2 | 14.0 | 4.9 ! 4.6 14.8 |

i H |
| : ' - !




-2 -

Using the Mann-Whitney test, determine if the concentration of
phosphorus in the two soil samples are significantly different. Give

reasons for your decision.

. A researcher obtained cne systematic and one random sample from
the same seed population of a plant species and determined the seed

weight of the two samples. The results were as follows:

Sample type Seed weight {g} ‘

. f : ? ! ! | : |
Systematic | 2.9311.86 2.35 2.1132.45@30331_.21!2 87|3.17/3.58 |
; : } i i , ' |
: z ‘ : : ? | : z % :

! |
2_1152.35‘2046_2 81’1 93 3. 3313. 06!3 -31! '1.32 3.58

Random

o - . S

Was the mean weight between the two samples significantly
~different and why? What conclusion can you make about the
differences between systematic and random sampling with
reqards to this question.

A researcher measured the arca of leaves of Acacia Polyacantha
seedlings, starting with the first leai at the bottom
{leaf 1 below) to the uppermost leaf on tho stem and obtained

the following results:

N—

i

A I
Leaf position | 1 |2 '3 4 |5 6 ; 7 f 8 |9

t
x

| i
Leaf area (cmlel.ﬁ {27, A;ZS 8 38 1. 63.5: 72 6 72.4:87. 6'97 2
! i

- P L ‘ ! 5 i |

Do these results show any correlation between leaf position
and area. If they do, develop a model for predicting leaf
area from leaf positicn.

EETS - S e vy - -

END OF EXBMINATION & GOOD LUCK!!



THE UNIVERTCITY OF ZAMBIA

UNIVERSITY FIRST SEMESTER EXAMINATIONS -~ MARCH 1998

BS 321

ETHOLOGY AND EVOLUTION

{PAPER II - PRACTICAL)

TIN®: THREE {(3) HOURS

INSTRUCTIONS: ANSWER ALL QUESTIONS. ILLUSTRATE YOUR ANSWERS
WHERE NECESSAR. ALL QUESTIONS CARRY EQUAL MARKS.

1. Briefly describe a procedure that could be used to study
reproductive behaviour in antelopes‘ﬁuch as the sable
(Hippotragus niger).

2. Discuss the main features of the focal sampling method,
and suggest ways of data analysis.

3. Briefly explain the evolutionary principles that each
specimen illustrates, A, B.

4. Classify according to the kind of adaptation that each
specimen illustrates, and describe the adaptive morphological
features which characterize each specimen A, B.

5. Behavioural disorders may be a serious limitation in
studying animal behaviour. Explain such disorders and
discuss how these‘ﬁbuld affect the experiment on a
natural species population.

END OF EXAMINATION & GOOD LUCK.
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RS 331

THEORY PAPER

[ME: THREF. HOURS

NSTRUCTIONS: ANSWER FOUR QURESTIONS

Discuss in detail how draught conditions would affect:
(a) water absorption from the soil by plants;

(b) control mechanisms for water loss from leaves in
mesophvtic plants.

Outline the chemical reactions which lead to photorespiration
in green leaves,

Many factors contribute to the efficiency of photosynthesis
in leaves. How do the styructure and organization of the
rhotesynthetic apparatus contribute to photosynthetic
efficiency?

Explain in detail how gaseous nitrogen is converted into the
amide glutamine in the root nodules of leguminous plants,

Explain in detail the rale of Quinones in photosynthesis,

Compare and contrast the phyvsiological effets of Auxins and
Gibberellins on stem growth. :

What are the roles of endogenous growth substances in
regulating the activity and differentiation of cambium
cells in stems?

END OF EXAMINATION

—
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TIME

BS 341

MICROBIOLOGY

{PAPER I - THEORY)

THREE (3) HOURS

INSTRUCTIONS:: ANSWER FIVE QUESTIONS, TWO PROM EACH SECTION 4 AND

B, AND ONE QUESTION FRCM EITHER SECTION A OR B.
ANSWERS MAY BE ENHANCED BY INCLUDING DIAGRRMS,
RELEVANT TABLES AND GRAPYS. ALL QUESTIONS CARKY
BQUAL MARKS. BACH QUESTION MUST BE ANSWERED

IN A SEPAGKTE HANDBOOK.

Q1.

Q2.

Q4.

2/.,

SECTION 1

Once a micro organism has been isolated in pure culture, it

may be necessary to maintain the culture in a living

condition for a considerable period of time. Discuss the

procedures that may be used to preserve and maintain cultures

of micro~organisms. Why should cultures be preserved?[20 marks]

{a)

{b)

{a)

{b)

{(a)
{b)

Write short notes on the role of the following

minerals in micyobial metabolisms

- magnessiam {4 marks]
- Calcium {4 marks]
- Zinc [4 marks]
- Iron [4 marks]
- Potassium {4 marks]

Discuss the fine structure of bacterial cells. [20 marks]

What were the events between 1935 and 1960 that

contributed to a2n understanding of viruses? {8 marks]
Discuss the chemical composition of viruses. {12 marks]

Describe the general growth cycle of a virus. [14 marks]
Show diagramatically the replicative cycle of '

retrovirus. {6 marks]



25,

Q.

08.

SECTION B
Outline general morphological and biological characteristics
of Rickettsiales as 2an order, comparatively to ordinary
Bacteria, and same at least one (1) important species of:
{i} Rickettsia

{ii) Chlamydia

(iii) mycoplama

and disease caused.

what may be the relationship between glycolysis and microbial
Beta - Oxidation in the process of fat digestion?

What are the two (2) major groups of molecular nitrogen
{,) fixing Bacteria?

Give at least one {1) example in each case.

Discuss briefly cercbic and anaerobic respiration and explain
the way ATP is regenerated and electrons transferred to
molecular oxygen.

Enhance your answer by a clear concise diagram.

- = crrace waiws

END OF EXAMINATIONS.
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BS 351

ENTOMOLOGY

(PRACTICAL PAPER)

TIHE: THREE (3) HOURS

INSTRUCTIONS: ANSWER ALL QUESTIONS.

1. Identify specimens A - J to Order and least four taxonomic

features that distinguish each specimen from other insects.

2, Construct a dichotomous taxonomic key that can be used to
identify specimens K - T to Order.

3. Using the equipment and chemicals provided, test for the
presence of the enzyme amylase in the alimentary canal

of a cockroach. Write a report on the results of your test

indicating:

(a) the kinds of equipment and chemicals used
{b) the type of test conducted

(c) your results

(d) discussion and conclusions.

CETST

- caxdascs = -

EHND OF EXAMINATION.
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E

BS 361

MOLECULAR BIOLOGY

(PAPER I - THEORY)

THREE (3) HOURS

STRUCTIONS: ANSWER ALL QUESTIONS. ONLY BRIEF ANSWERS ARE

REQUIRED.

Watson and Crick showed that DNA is a double helix.

(a)
(b)

(c)
_(d)
(a)
(b)
(a)

(b)

Describe important features of the model.
Explain three notions that converged in the construction'_
of the model.

How do base pairs contribute to the thermodynamic
stability of the double helix?

Why is the model in conformity with the role of DNA

as the almost universal carrier of genetic information?

Describe DNA supercoiling using current nomenclature.
What is the Lk for a B-DNA molecule with 500 bp.

Account for the hypochromic effect of DNA. How can

one cause a decline in the said effect?

The absorbance of a liver DNA sample measured at 260nm
gives a concentration of 1.498 mg/g of tissue. However,
when the same sample is assayed by the diphenylamine
method, a concentration of 0.365 mg of DNA/g of tissue
is obtained. How do you explain this discrepancy?

How can you demonstrate that the specificity of tRNA is

determined by its anticodon and not the amino acid it

carries?

Examine the following mRNA sequence:
5'«Gmnmcmmmmxmmmymcmumcmxmumnmsuer

(a)
(b)

Is this prokaryotic or eukaryotic mRNA?
what is the 5th amino acid in the peptide?



2=

(c) Colicin E3 cleaves 50 nucleotides from a segment
that is complimentary to the mRNA sequence shown.
Predict the effect of Colicin E3.

(a) In eukaryotes, chromosomes consist of nucleosomes.
How does this pose a problem for transcription?

(b) Illustrate a method to demonstrate that an eukaryotic
gene is transcribable.

This year, several deaths in Zambia were caused by ingestion
of poisonous mushrooms, particularly Amanita phalloides, also

called the death cup or the destroying angel. How does
this mushroom kill? In your answer, say why this mushroom
is important to a molecular biologist.

(a) RNA is readily hydrolyzed by alkali while DNA is not.
why? ‘

(b) How does cordycepin {3’ -deoxydenosine} block the
synthesis of RNA?

During the isclation of nucleic acids, explain why the
following reagents or materials are used: EDTA, SDS,
Sarkosyl, Proteinase K, Chlorocform, Iscamyl alcohol, and
DEPPC.

Chinsembu and co-workers at the University Teaching Hospital,
Lusaka, use the polymerase chain reacticn {(PCR) to detect
the presence cf DNA sequences of a new herpesvirus that

is known to cause Kaposi's sarcoma, a cancer common in
individuals with AIDS. Patient blood is collected and
separated into serum and cells. DNA is isolated and its
amount is determined using a spectrophometer linked to a
computer. The fcllowing print-out was cbtained for ten

patient samples:



*

UTH VIROLOGY Date: 19/11/96
Time: 11:36

Nucleic Acid

Read Samples Method SaveClear Print Quit
Results file: A:/WORK_RES Method: A:/DNA
Agssay type: General Ratio and Concentration . . Units ug/ml
Formula setup: VIEW Background correction: [Yes]
Sampling device: None 1 Concentration [Yes]

Read average time: 0.50 secc Peak Pick: [Nol4+

Sample ID . A" "B" Protein Nucleic acid

1 0.7636 0.3608 1.3017 1.3017

2 1.0843 0.5216 1.8402 1.8402

3 0.6248 0.2885 1.2185 1.2185

% 1.3524 0.9120 2.5703 2.5703

5 1.1692 0.7343 2.2155 2.2155

6 2.6090 2,3702 4.6157 4.6137

7 0.8467 0.3874 1.5572 1.5572

3 0.3883 0.1303 0.8408 0.8408

9 0.7908 0.5645 0.8258 0.8258

10 0.1000 0.0115 0.2619 0.2619

(a) What do columns “"A" and "B" represent?

(b) Analyse the data and comment on the results

(c) A mistake due to incorrect programming of the
spectrophotometer was noted in the data shown. Identify
the error.
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BS 361

MOLECULAR BICLOGY

(PAPER II - THEORY)

THREE (3) HOURS

HWSTRUCTIONS: ANSWER ALL QUESTIONS.

DIAGRA#S MAKE BETTER ANSWERS THAN SENTENCES.

o Using well-labelled diagrams, show how a "molecular switch”

in phage) gives way to lysogenic and lytic growth.

o Describe and illustrate how bacteria control their

transcriptional profiles in response to:

(a)

(b)

(b)

4. {a)

(b)

osmolarity
toxic materials and nutrients.

Depict moleculzr schemes of T-DWA transfer from

Agrobacterium tumefaciens to plant genomes. why is

A. tumefaciens important in modern agriculturet

Account for the use of antisense RNA in the treatment

of diseases.

Using a named example, show how operons are important
in prokaryotes.
Compare intrinsic and g-dependent termination.

S. Briefly explain the following terms:

(2)
{b)
{c)
{a)
(e)

Ribozyme

Junk DNA
Luxury genes
proto-oncogenes

Housekeeping genes

3w e

END OF EXAMINATION & GCOD LUCK!!



THE UNIVERSITY OF ZAMBIA

UNIVERSITY FIRST SEMESTER EXAMINATIONS -~ MARCH 1998

INVERTERBRATES

{THEORY PAPER)

TIME: THREE (3) HOURS
IHSTRUCTIONS : LANSWER QUESTION ONE (1) AND FOUR OTHER

QUESTIONS. ALL QUESTIONS CARRY EQUAL MARKS.

1. {a) What are the distinguishing feutures of the following
invertebrates orders. Give an example of the member
of each order: '
(i) Euglencidina
{ii) Haemosporidia
(iii) Baplosderina
(iv) Brrantiz
{v) Spirurida
(vi) Stylommatophora
{vii} Hemiptera
{viii) Jymemoptera
{ix} Acarina
{x) Protomonadina

(b) Describe the classification scheme for the three orders

of the class Cligochaeta of the phyllum Annelida.

2. Compare and contrast respiratory mechanisme in aguatic and
terrestial invertebrates.

3. {a) Define and briefly describe the processes of
Osmoregulation and homeostasis.
{b) What osmoregqulatory mechanisms and adaptations occur

in both fresh woater and marine invertebrates?

4. {a) Give illustrated descriptions of the life histories of

Taenia sagnata and Faseiola hepatica.

(b) What are the major adaptations seem in parasitic

invertebrates,



There is a great diversity in the form and function of the
feeding and digestive systems of invertebrates. Discuss
this statement.

Briefly describe the various modes oif reproduction in the
invertebrates, ond give examples where cach mode occurs in
the various phylia.
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ERD OF EXAMINATION
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BS 411

INSECT BEHAVIOUR AND ECOLOGY

THEORY: PAPER I

THREE (3) HOURS

INSTRUCTIONS: ANSWER FIVE QUESTIONS

5.

2/..

Describe five complex human-like behaviour that insects
developed millions of years ago, long before man did. If
insects do not think as it ig claimed by Scientists, how '
are they able to accomplishﬁihese complex tasks?

Discuss the biological functions of insect behaviour in the
following:

(a) Defense

(b) Dispersal

Discuss the roles of pheromones in insect behaviour giving
examples of specific pheromones of named insect groups.

Write short notes on five of the following:
(a) Bioluminescence

(b)  CH4(CH;) ; (CH=CH) , (CH,) gCH,OH

(c) Host acceptance by phytaphagus insects
(d) Mechanisms of dispersal in insects

(e) Hair pencils

(£) Learning in insects

Distinguish between termite and ant insect societies in
terms of organisation and communication.



Discuss the role of biological clocks in maintaining
insect activity?

What roles does scund produced by insects play in
the survival and perpetuation of the organisms? 1In
your answer alsc explain how socund is produced and
perceived by insects.

Describe the bicchemical pathways involved in cold
light production by some insects. What is the significance
cf the light produced?

END OF EXAMINATION & GOOD LUCK!!
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BS 421

MICROBIOLOGY

{(PAPER I - THEORY)

[ME: THREE (3) HOURS

NSTRUCTIONS: ANSWER FIVE (5) QUESTIONS, BUT NCT MORE THAN

THREE (3} FROM EACH SECTION. ANSWERS MAY BE
ENHANCED BY GIVING RELEVANT GRAPHS, CYCLES OR
DIAGRAMS. USE SEPARATE BOOK FOR EACH SECTION.

- = e

SECTION A {All questions carry 20 marks maximum)

3.

What is meant by:

(a) Primary metabolistes

{bj 1Idiophase

(c) 1Idiolites

Give some examples oi idiolites and chceosing one of thew,
show by adequate scheme how it is manufactured within

microbial cell. HName ihe microbial species involved.

Define "indicatcry microganism.™
Name the major indicator microorganisms in routine analysis

of water for potability and discuss their significance.

whot may be the metabolic pathways invelved in:
{i) Carbchydrates catabolism
{ii} Degradatiocn of lipids. Explain -

Discuss the common food~borne diseases known €0 youw.
Enhance your answer by naming the microbial species

involved in each case.

SECTION 1
Mr. D, a 33 year - old blood group 0, fully immunized ,
rather a nervous accountant who is taking the blockers
for ulcer disease, his 29 year - 214 healthy wife, and
their 10 mcnth old baby returned from o 2-week trip to
Luapula Prcvince, Zambia, towards the end of November in
199¢.

wa e

ESEoPES



The next morning, Mr. D., passed a semi-solid stool,
followed quickly by a large watery bowel movement. Within
an hour, he passed another large watery stool, now of an
opaque grey-white color. He vomitted several times

and became slightly sweaty. when this movement weas
followed by another watery stool a short time later,

Mr. D. called his physician who advised him to go to

the University Teaching Hospital and report to the
Emergency Room. There was a febrile but obeserved

to have a rapid heart rate with somewhat feable pulse

and nildy decreased blood pressure. Mr. D. complained of
muscles cramps and dizzness. There ware no abnormalities
in the rest of the physical examination and laboratcry

results showed only findings consistent with dehydration.

Mr. D. was given two litres of fluid intravenously and
then placed on oral rehydration solution {ORS). Culture

grew Vibrio chclerae the same as a concurrent epidemic

strain in Lusaka., Stool volumes progreusively diminished
over 48 hours and the patient was discharged in his
usual stute of good health -
a) What was the predisposing €actor to infection in
Mr. D's case? (2 m~rks)
b) What is the source and resevolr(s) of yigggigqggihrae
{2 marks}

c) Discuss two (2} virulence factors of Vibriccholerae

showing explicitlyhow they could have caused "Secretory™
(watery) diarrhoea and vomit ing. {14 marks)
ad) why was Mr. D. given two-litros of fluid intravendusly.
followed by oral rehydration solution (ORS)? {2 marks}
‘ '
2. (a) What is the term used to mean "Living together”? {1 mark)
(b} This term has no overtones of penefit or harm, but
includes » wide diversity of associations. Discuss. (2 marks}
{c) Attempts have, in the past, been made to catego ize
types of associstions very specifically, but have
failed because all associations form a continuum.
Explain, giving examples, why this continuum exists.
(5 marks)
/3..



(a)

{b)

(c)

{d)

Frepare ycurself to give a short talk to laymen
about the history and importance of antibiotics in
medicine. What would you emphasize? (4 marks)
Describe the mode of action of sulfonamides,

What is meant by competitive and ron-competitive
inhibition? What is the basis of their selective
toxicity? {4 marksf

Distinguish between bactericidal andbacteriostatic
drugs. Under what conclusion is one type preferable
to the other? {5 marks)

What are the general mechanisms for bacterial resistance

to antibiotics? Give examples of each class. (7 marks)

Write an essay on general information on the collection,

transport and storage of specimens from different body

sites for microbiological testing.
Why is there so much emphasis on this point? (20 marks)

-3 e 3 = = < : =3 3 ——

END OF EXAMINATICHN
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BS 431

ADVAHCED PARASITOLOGY I

{PAPER 1)

b THREE {(3) BOULS

INSTRUCTIONS: LNSWER FIVE QUESTIONS. ALL QUESTIONS CARRY

BQUAL MARKS.

2/..

Discuss reproduction in parasites explaining the advantages
of hermaphroditism in the success of parasitic species and

also in the expression of survival genes.

Differentiate between natural and acquired immunity. What -

factors are important in natural immunity and explain how.

The parasite is the benefitting partner in a parasitic
relationship, explain in detail bow parasites benefit while
pointing out the hazards they are exposed to by their
hosts.

In search for maiaria vaccine, what are the four possible
candidate vaccines based on their target stage. Giving
reasons, which vaccine would you recommend. State the
problems which have lead to the delzyad development of

a malaria vaccine.

Describe the developmental process of ncmatodes stating
where the various stages cccar. Explain how the feeding

of named hookwork leads to anaemia in its host.

Describe the origin and compesition of the cell-medinted
and humoral types of immunity.

Discuss how parasites locate their hosts and relate the
process to the behavicur of the next host. Give examples

to illustrate your ansver.



-2 -

8. What protective mechanisms are employed by parasites
against the unfavoursble medium in the host? Give
examples to illustrate your answer.

END OF EXAMINATION.
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85 431

ADVAIICED PARASITOLOGY I

(PAPER I)
TIME: THREE (3) BOULS
INSTHUCTIONS: LNSWER FIVE QUESTIONS. #LI QUESTIONS CARRY

BCULL MARKS.
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2/..

Discuss reproduction in parasites expluining the advantages
of hermaphroditism in the success of parasitic species and

alsc in the expression of survival genes.

Differentiate between natural and acquircd immunity. What

factors are important in natural immunitv and explain how.

The parasite is the benefitting partner in a parasitic
relationship, explain in detail bhow parasites benefit while
pointing out the nazards they are exposed to by their

hosts.

In search for malaria vaccine, what 2re the four possible
candidate vaccines kased on their target stage. Giving
reasons. which vaccine would you recommend. State the
problems which have lead to the delayazd development of

a malaria vaccine.

Describe the developmental process of necmatodes stating
where the various stages occar. Explain how the feeding

of named hookwork leads tc anaemia in its host.

Describe the origin and composition of the cell-mediated

and humoral types of immunity.

Discuss how parasites locate their hosts ond relate the
process to the behavicur of the next host. Give examples

to illustrate your answer.



8.

PN

What protective mechanisms are employed by parasites
against the unfavourable medium in the host? Give

examples to illustrate your answer.

- - e wm o srssm . nas - -

END OF EXAMINATION.



THE UNIVERSITY OF ZAMBIA
DEPARTMENT OF BIOLOGICAL SCIENCES

BS 431 ADVANCED PARASITOLOGY I 1998 FINAL PRACTICAL EXAM.
TIME 3HRS.

Q.1. You are the parasitologist on a team which is conducting
a survey of intestinal infections. Since a large community
needs to be examined, you have selected to use the
Kato/Katz technique. Proceed as follows:

List the materials required.

Prepare a Kato slide from the specimen provided.

Leave instructions as to when you want your microscopist to

examine the slide.

d. Other than detecting the infection present, what other
information can you obtain about the infection.

e. Giving reasons, what infections are you likely to miss by the

choice of your method.

0o

Q.2. There has been an outbreak of a urinary tract infection in
the your district, being the district parasitologist, you
have conducted a survey to identify the infective organism.
Explain how you conducted the survey by providing the
following information:

Specimen requested for.
Characteristics noted.

Other parameters investigated.
Method used and why.

a0 oo

On examination you detected presence of eggs similar to those of
S. haematobium, but strangely smaller that all the geographical
strains reported. (NB: 1In literature, the ranges reported are
232 - 179 in length and 71-49 in breadth). Give a report
providing the following information:

e. 1illustration of the egg morphology.

f. magnification of your drawing.
g. range of measurements based on 5 eggs.

Q.3. Draw and identify speciment A.



Q. 4. A total of 20 urine specimens were given to| you to examine
as in exercise 1 above. Dipstix were also provided to
examine microhaematuria. Your results were| as below:

Case No: No. of eggs/10ml urine icrohaematuria
1 226 1
2 0 0
3 40 1
4 2 1
5 0 0
6 145 1
7 78 1
8 0 1
9 45 0]
10 23 0
11 0 0
12 34 1
13 678 1
14 908 1
15 0 0
16 0 0
17 0 0
18 29 0
19 0 1
20 37 1
21 5 0
22 0 0
23 0 0
24 234 1
25 56 0

Make a report for the school and Ministry of health survellaince
section based on this sample giving the following information.

1. Prevalence of disease i.e.
i. Parasitological prevalence:

ii. Prevalence by dipstix:

2. Intensity among positives only:

3. Diagnostic value of Dipstix giving:
(Construct a contigency table)

i. Sensitivity ii. Specificity

NB: Sensitivity = a/a + ¢ and Specificity = d/b +d

4. Comment on the sensitivity and specificity of microhaematuria
as a sCreening test.



THE UNIVERSITY OF ZAMBIA

UNJVERSITY FIRST SEMDSTER EXAMINATIONS - MARCH 1998

BS 431

ADVANCED PARASITOLOGY I

{BAPER 1)

TIME: THREE (3) BOULS

INSTHUCTIONS 2 LNSWER FIVE QUESTIONS. ALL QUESTIONS CARRY
EQUAL MARKS.

i. Discuss reproduction in parasites explaining the advantages
of hermaphroditism in the success of parasitic species and

alsc in the expression of survival genes.

2. Differentiate between natural and acquired immunity. What -

factors are important in natural immunity and explain how.

3. The parasite is the benefitting partner in a parasitic
relationship, explain in detail how parasites benefit while
pointing out the haxards they are exposed to by their
hosts.

4. In secarch for maiaria vaccine, what are the four possible
candidate vaccines based on their target stage. Giving
reasons, which vaccine would you recommend. State the
problems which have lead to the delayad development of

a malaria vaccine.

5. Describe the developmental process of nematodes stating
where the various stages coccur. Explain how the feeding

of named hookwork leads tc anaemia in its host.

6. Describe the origin and cowposition of the cell-medinted

and humoral types of immunity.
7. Discuss how parasites locate their hosts ond relate the

process to the behavicur of the next host. Give examples

to illustrate your answer.

2/00
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What protective mechanisms are employed by parasites
against the unfavour~nble medium in the host? Give
examples to illustrate your answer. '

END OF EXAMINATION.
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BS 441

ADVANCED MOLECULAR BIOLOGY 1

PAPER T

IMFE: 3 HOURS

NSTRUCTIONS: ANSWER ALL QUESTIONS
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Write short notes on each of the following:

Mutation

Transduction

Chromatography

Use of isotopes to follow bhiclogical activity
Protein secondary structure

.~~~
O a0 W
e " N N S

Explain briefly the principle on which the iscelectric
focusing technigue is bhased.

Briefly discuss the applications of analaytical centrifuges.

Analytical centrifugation of a protein solution exhibits
a single symmetrical peak during sedimentation. However,
SDS peolyacrylamide gel electrophoresis of the same protein
solution reveals two (2) zones after the gel is stained.
What can be concluded about the protein solution?

Name four types of bonds that bring about the tertiary
structure of proteins,

Mathematically define sedimentation coefficient and make
5 deductions from the equation.

Briefly explain how tropical plants avert the oXxygenase
catalysis of Rubisco.

Describe th structure of the pyrimidine dimer formed by
U.V. light. Briefly outline the mechanism of repair
of such DNA damage.

Briefly describe the steps involved in general
recombination and state the major enzymes involved.

). How does an Ft cell become an F' cell?



11. Briefly discuss the fine structure of the mitochondria.

12. A closed circular viral DNA is treated with a restriction
endonuclease. This DNA has a single restriction site
with the structure shown below:

5'-A-T~-G-C-T-A-G-C-A~T-3'
3'-T-A-C-G-A-T-C-G-T-A-5'

Write the two fragments that will result from this enzyme
action.

13. PBriefly explain the malate and glycerol phosphate shuttles.

M e e - e e e i e WS A M e e W W e e M e Sm e e e N e A Se M e e A R A W W e G Y R e M G S M A G Rkt W e e e e W e e e e e

END OF EXAMINATION
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BS 475

POPULATION ECOLOGY

{THEORY PAPER II)

TIHE: THREE (3) HOURS
INSTRUCTIONS: ANSWER QUESTION ONE AND FOUR OTHER QUESTIONS.
1. (a) Define and distinguish between "carrying capacity® and

"population density."

(b) A farmer under a new resettlement scheme estimated
that his new 2000-hectare farm would only carry one
animal per 10 hectares. He discovered that one half
of his farm had a large population of duickers which
he wanted to keep but cnly after culling off excess
duickers. But before that he wanted to know the
duicker population using the mark and recapture
method (Lincoln Index). In the preliminary trapping
126 duickers were caught, marked and released. 1In
the second trapping 96 duickers were captured, of
which 56 were marked individuals.

(1) What is the duicker population?

(ii) How many duickers should be culled as excess?

(iii) What would be the total number of animals on
the farm should he decide to use the other
half of the farm as a cattle ranch?

(iv) 1If the death rate amcng duickers is 7% and
birth rate is 10%, how many duickers will be

culled off in two years time?

2. Construct a life table for the lesser corn borer in a
groundnuts field given the sampling data below. Be
certain tc compute generation totals as well as calculations
for each life stage. Identify key factors of mortality
and critical age intervals affected as indicated in
this tabile.

2/ ..



Life stage No. of Insects Mortality Factors
Collected

(No. Entering Life Stage)

Egg 600 Parasite
Small larva 540 Rainfall
Large larva 400 Predators
Pre—-pupa 360 Parasites
Pupa 246 Rainfall
Adult 40 (sex ratio 1.503 1¢9)
Adult females 24

Write brief notes on five of the following topics:

{1i) Pyramid of numbers

(ii) r and k selection

(iii) Niche, Habitat, Home range and territoriality.
(iv) Kip selection

(v) Population parameters

(vi) Types of mating systems in natural populations.

{(a) Discuss the various hypotheses that seek to explain
population fiuctuations.
(b) What factors create and maintain genetic variability

in natural populations.

Discuss the various physical and biological elements of the
environment which affect population dynamics of a species.

{a) Why is old age referred to as a genetic dustbin?
(b) Discuss the density dependent and density
independent factors affecting animal population

oo o e e e

END OF EXAMINATION & GOOD LUCK!!



THE UNIVERSITY OF ZAMBTA

UNIVERSITY FIRST SEMESTER DEF/SUPP EXAMINATIONS - APRTT. 1998

BS 915

BIOGLOGY OF SFED PLANTS

PRACTICRI. PAPFER

TIME: THG HOURS

INSTRUCTIONS: NEWER ALIL GQUESTTONS

I. FExamine specimens & to J and and then:
(a) Explain whether they are

bark
condiment
fruit
herb

root
spice

{b) Identify the botanical name aof sach specimen {1 ,a. R-T4.,

A

ae the d ‘hotomous E‘(t«‘j p’{f“z‘\?'ii‘?s%l‘} tor tdentifyv soesoimens
-

3ioh
s By ML N, O and P oto speaciesn Tavel.

3. Examine specimens O and & and ident iy each Po genecis and
division levels,

4, Study a siide preparation labe!

ey

. ek O - % . - PR R S SRR
el B oann then tdent i fye

5

the taxonomic graoup to division level.

(s

\} the aspesct a?np” which the saction was ool

5, Btudy specimens T and U and then pastulite {hair ecolagicsl
significance ’
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END OF EXAMTINATTION
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'ME: THREE HOURS

'THE UNIVERSITY OF ZAMBIA
UNIVERSITY FIRST SEMESTER EXAMINATIONS — MARCH 1998
7 Bs 935
LANT PATHOLOGY
- THEORY PAPER

ISWER: ANY FIVE QUESTIONS?TALL QUESTIONS CARRY EQUAL MARKS

Examine the following and explain what important
conclusions can you draw from your observation.

rain yield (Kg/ha)in threé wheat cultivars challenged by certain
sthogens locally. L

YEAR LORIE II UMNIATI ZAMBEZ I
19874 4000 3820 3980
1975 4550 4200 5009
1976 4690 1500 5380

Define micydptoxins andvexplain their role in plant disease.
Distinguish between rusts and smuts in relation to their:
- pathogens |
- taxcnomic status
- disease symptoms
Describe how rusts and smuts are influenced by weather?

Describe features which characterize pathogens. How would
you confirm that an organism 1s a pathogen? List various
biotic (animate) pathogens.

A recent survey of several farms and farmer's fields in
Central, Lusaka and Southern provinces showed that many
pathogens have become common and rather prevalent in
comparison to the past. As a plant pathologist what
explanaticns would you offer that would provide a clear
picture of the agricultural scene in the above provin:es.

With the use of relevant examples distinguish between
parasites and pathogens anc explain the degree of
parasitism of the two.

Describe the ditferent types o! plant resistance known and
indicate which of these would e your choice, and why.

Write short notes on any TWO o: the following:




ii.
iii.
iv.

Stable resistance

Infection structures produced by Uromyces
Primary inoculum and its types

Polycyclic plant disease

END OF EXAMINATION
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C 101 INTRODUCTORY CHEMISTRY |

Time: 3 hours

I

INSTRUCTIONS -
This examination has two (2) sections: section A and section B.

Section A:  This section contains 24 multiple choice questions.
You must answer all questions in this section.
Use the answer grid provided for your answers.
Indicate your computer number, and tutorial group number on the answer grid. )
Tear the answer grid out of this paper and insert in your answer booklet.
Section A carries 48 marks in total. ‘

Section B: This section contains open-end questions.
You must answer any four (4) of the five (5) questions given.
Use the answer booklet provided for your answers.
Indicate your computer number, and tutorial group number on the answer book.
Indicate on the answer book which questions you have answered.
Make sure your work is clearly and neatly presented.
Show your working, calculations and reasoning.

Each question carries 13 marks, giving a total of 52 marks for this section.

DATA ARE PROVIDED ON PAGE‘2 OF THIS QUESTION PAPER.
A COPY OF THE PERIODIC TABLE IS PROVIDED ON PAGE 3.




USEFUL DATA

1. Standard Reduction Potentials at 25 °C

Half - reaction E’req (in V)
Clg) + 2e --> 2CI(aq) +1.36
OzA(g) + 4H'(aq) + 4e —> 2H,0(N) +1.23
l2(s) + 2e ---> 2I'(aq) +0.54
Cu®(aq) + 2e —> Cu(s) +0.34
2H'(aq) + 2e ---> Hy(g) 0.00
Pb*(aq) + 2e -—-> Pb(s) | -0.13
Fe*(aq) + 2e —> Fe(s) -0.44
Cr’(aq) + 3e > Cr(s) -0.74
Zn*(aq).+ 2e —> Zn(s) -0.76
2H,0(l) + 2e -~> Hy(g) + 20H(aq) -0.83
Al*(aq) + 3e -—> Al(s) -1.66
Mg*'(aq) + 2e —> Mg(s) -2.36
Na'(aq) + e —> Na(s) -2.71
Ca™(ag) + 2e —> Ca(s) -2.87
2.  Some useful constants

Avogadro's Number, Na = 6.02 x 10% mol”

Universal Gas Constant, R = 0.08206 dm® atm mol K' or 8.314 J mol” K
Faraday's constant, F = 9.65 x 10* C mol™

1.00 atm = 101.3 kPa = 760 mmHg = 760 Torr

3. Electronegativity values
H 21 N 3.0 Al 15 K 08
Li 1.0 O 35 Si 1.8 Ca 10
Be 1.5 F 40 P 21 Se 24
B 20 Na 09 S 25 Br 28
C 25 Mg 1.2 Cl 3.0 I 25

4.  Standard Enthalpies of Formation (in kJ mol™ at 25 °C)
ALO; (s) = - 1676
Fe,O; (s) = - 824
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6 7 8 | 9 | 10

C| N O | F Nej

12611 | 1400674 | 159994 (18998403 20.1797
14 15 | 16 | 17

17
4'Si.] P | S |Cl|Ar

130.973762] 32066 | 354527 | 39.948

28 o33 | 34 35 | 36
Ni | As | Se | Br'| Kr
5869 1 7492159 79904 | 8380 |
46 | .50 53 54
Pd | Sh 11 |Xe
10642 “Pisne 60 112690447| 13129
78 | .79 1382, 5l 85 86
Pt Aul/Hg| | At |Rn
19508 1196966541 200,59 .1 2 (10 | (222)

62 63 .| 64 65 + 66 67.§ 68.71 69 1 .70

15036_| 1519651 157.25 "]158.92534] 162,50 116493032]. 16726 11689342417 17304 |

18 |0

"Ac|Th P »

2270278 1 232.0381 |

te: For use in the calculations, atomic masses could be rounded off to two decimal places.
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CTION A - MULTIPLE CHOICE QUESTIONS
The enthalpy of formation for Fe(OH)a(s) corresponds to the reaction

Fe*(aq) + 30H(aq) —> Fe(OH)s(s)

Fe(s) + 1%0,(g) + 1%Hy(g) --—> Fe(OH)s(s)
Fe(OH)z(é) + %0xg) + %H,O() ---> Fe(OH)s(s)
Fe(s) + %0Oxg) + 1%H0() —~> Fe(OH)s(s)
Fe™(g) + 30H(g) -——> Fe(OH)s(s)

» & o0 T @

The following reactions are investigated in a bomb calorimeter:
()  HoAg) + Ch(g) --> 2HCIKg) |
() CHq(g) + 20(g) -—-> COu(g) + 2HO())
(i) Ag'(aq) + Cl(aq) -—> AgCl(s)
For which reaction(s) will the heat change (qv) be equal to the reaction enthalpy (AH) ?

For none of the three reactions.
For reaction (iii) only.
For reactions (i) and (ii).

For reactions (i) and (iii).

e 2 0 U p

For all three reactions.

Which one of the followmg statements concerning a mixture of gases is WRONG ?

a. The partial pressure of a gas in a mixture is the pressure the gas would have if |t alone
would occupy the volume of the gas mixture.

b. The total‘ volume of the gas mixture equals the sum of the velumes of the components
if these would be at the same pressure as the mixture.

c. The partial volume of a gas in a mixture is the volume the gas would have if it alone
would occupy the volume of the gas mlxture

d.i-  Dalton's Law of partial pressures assumes that gases in a mixture do not mteract with
each other. :
e. When gases are mixed, diffusion ensures that after a while each’gas is found

throughout the volume occupied by the mixture.

If the temperature is 100 °C, at what pressure will the density of CO, gas bé’0.750 g/dm:‘%

a. 0.140 kPa
b. 0.522 kPa
c. 5.28 kPa
d. 14.2 kPa
e.

52.8 kPa



V. SHIPTUT Hoxide (SUs) can be prepared in two steps:
S(s) + Og) —> SOig)  AH=-207kJ
SOxg) + %0:(g) ——> SOi(g) AH =-99kJ
The enthalpy diagram for this two-step reaction would be

& 6. . c.
503 S+1}, 0, 505
50,+ )2 01 S+1/0,
H . H H
S+140; 50, 50, + 104
d. e.
.502+y202 502+ %02
50
H N
,r 5*"/2 02' T
50_5 54’“/201

6. For an ideal gas, kept at constant volume and temperature, the relation between the number
of moles (n) and its pressure (P) is shown by graph '

d | 4 c.
P P P
{ f )
—>n —>n —> l/(L D
d. e.
P P
) )
—n . —> 4
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. The standard cell potential for the cell Zn(s)/an;(aq)/lCuz*(aq)/Cu(s) is
a. - -1.10V

~h, -042V =

c +042V ) \E\ A A

d. +055V T
e. +110V- AR

A student tried to determine the value for Faraday's constant, F,
experiment. He took a solution which he thought contain
urrent of 1.50 A for exactly 30 minutes. The mas
ing to his experiment, the value for F

an electrolysis

@ copper(ll) ion, and passed a
metal deposited was 3.56 Q.

ay's constant is -

10* C/mol
1.93 x 10° C/mol

® 2 0 T o

What is the overall reaction taking place in a galvamc cell with cell dlagram
Cd(s)/Cdz*(aq)//Fea‘“(aq) Fe’*(aqypt

a - Cd(s) + Fe*(aq) —> Cd*(aq) + Fe?(aq)

b. -~ Cd(s) + Fe™(aq) + Pt'(ag) —> Cd*(aq) + Fe*'(ag) + Pt(s)

c. Cd(s) + Fe*(aq) + Fe*(aq) + PY(s) —> Cd*(aq) + 2Fe(s) + Pt*(aq)
d. Cd(s) + Fe®(aq) + Pt'(aq) ~—-> Cd*(aq) + Fe*(aq) + Pt(s)

e. Cd(s) + 2Fe*(aq) —-> Cd*(aq) + gFg’*(aq)

- Which one of the following statements about an electrolytic cell is NOT correct ? ‘
a.  The cathode is the negative electrode, while the anode is the positive electrode.
b.  Oxidation occurs at the anode, while reduction occurs at the cathode.

¢.  The standard potential for the overall reaction is negative. -

/
AV

d.  The standard reduction potentials for both half-reactions are negative. ~
e. Both half-reactions can occur in the same compartment. .

. Compare light with a wavelength of 450 nm and light with a wavelength of 750 nm.
The light with the lower wavelength has

a,  alower frequency.

a higher frequency.
the same frequency.
a lower speed.

® oo &

a higher speed.



Information for questions 12 and 13: Consider the molecules: N2, BF;, CH.. ,‘ HéS , CO, .
12.  Which one of the molecules does NOT obey the octet rule ?

13.

14.

15.

» & 0 T 8

a. N;

b. BF;
c. CH,
d H;S
e. CO;

Which one of the molecules is polér ?

N:
BF;
CH,
HgS
CO,

Consider the following three sets of quantum numbers:

(i) n=3 =2 m=-2 mg=%
i) n=1 =T my=0. m, = -%
i)y n=4 I=3 m=2 me=%

Which of these sets could NOT occur ?

Only set (i) could not occur.
Only set (ji) could not occuir.
Only set (jii) could not occur.
Sets (i) and (i) could not occur.
Sets (ii) and (jii) could not occur.

® o 0o T o

Consider the following statements about phosphoric acid:
(i) Phosphoric acid is a weak acid.

(ii) Concentrated aqueous phosphoric acid solution is a strong acid.
(i)  Phosphoric acid is an ionic compound containing the H* and PO, ion.

Only statement (i) is correct.
Statements (i) and (i) are both correct.
Statements (i) and (jii) are both correct.
Statements (i) and (jii) are both correct.
All three statements are correct.

¢ & 0 v
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. Which of the following species would be diamagnetic: Al , Mg , CI , S 7

Mg only.

Cr only.

Mg and CI". *
Al only.
Aland S.

o 2 o T o

Arrange the following species in terms of INCREASING first ionisation energy:
F,Cs,6Br,Cl, K

a. Cs,K,Br,Cl,F.e
b. Br,Cl,F,Cs, K
¢. Br,Cl,F,K,Cs.
d Cs,K,F,Cl,Br.~
e. F,Cl, Br, K,Cs.

Salts are called electrolytes since they

a. dissolve in water.

b. are formed from acids and bases.

®.  produce electricity when heated.

d. dissociate into ions in aqueous solution.

#7  conduct electricity when pure.

Which one of the following equations would NOT represent a chemical reaction correctly ?

3Fe,0x(s) + CO(g) —> 2Fe;04(s) + COx(g).
K'(aq) + Br(aq) —> KBr(aq)

Zn™(aq) + 20H(aq) —> Zn(OH)x(s)

Ni(g) + 3Hy(g) > 2NHs(g) -

3Ca*(aq) + 2PO,*(aq) -—> Cay(PO4)(s)

2 0 T

. Xis the symbol for a particular element. Which one of the following formulae is most likely
NOT correct ?

a. X0;°

b. Xa(SO4)s

c. X;S;

d XCl; -
e, XNOw;



Consider the following statements on experimental errors:
@)  Experimental data can not be both very accurate and very precise.
i) Both systematic and random errors can be avoided by a skilled experimenter.

(i)  Systematic errors afféct the accuracy of an experiment, while random errors
affect the precision.

Only statement (jii) is correct.
Statements (i) and (ji) are correct.+
Statements (i) and (jii) are correct. *
Statements (i) and (jii) are cqrreét. 4

o 2 0 T @

All statements are correct.

5.90 x 10° ug mm™ expressed in kg m* would be

a. 590x10kgm? o s

b. 5.90 x 10> kg m™ ‘

c. 590x10°kgm? b e
d. 5.90x10*kgm*® ‘
e. 590x10°kgm? Vo e

Which one of the following reactiohs is an oxidation ?

a. Changing hydrogen atoms to hydride ions. v
b. < Changing copper(ll) ions to copper(l) ions.
¢. - Changing iron(ll) ions to iron atoms.

d.> Changing sulphide ions to sulphur atoms.
e. Changing iodine atoms to iodide ions.

‘ Y & K
P Lo

Steam reacts with hot manganese. Hydrogen reduces lead oxide. Steam does not react

with hot lead. Based on this evidence, between which of the following is there likely to be
a reaction ? ‘

lead and manganese oxide.
manganese and lead oxide.
lead oxide and steam,
manganese oxide and steam.

o 2 0 U »

manganese oxide and lead oxide.

END OF SECTIONA - PROCEED WITH SECTION B
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SECTION A: C205/C?25 STUDENTS

TWO HOQURS

ALL QUESTIONS FROM THIS SFCTION

2.

(b)

(a)

(b)

Define or explain the following terms:

(i Accuracy and precision

(11 Determinate and indeterminate errors
(ii1i) Normality, equivalent weight, ppm and mg%
(iv) Sampling, confidence interval, confidence

level and confidence limit

How many milliliters of a concentrated commercial
H280, solution that has a density of 1.84 g/mL and
conteins 96% H,80, by weight should be diluted with
water to obtain 1.0 liter of solution containing 50%
H,50, by weight.

What is the normality of the initial and final solutions?

(MM of H

1§Q% = 98.08).

Calculate the pH of a solution obtained by mixing equal

volumes of HCl solutions having pH 2.00 and 3.00,
respectively.

A buffer solution is 0.20 M in acetic acid and sodium
acetate. Calculate the change in pH upon adding
1.0 ml. of 0.01IM HC! to 10 mwl. of this solution.

AN
‘{\(,.a — \ ’1)31 X ‘ L

’\Lﬁp:l-‘lxw
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(a) Define the followi

it
=
Jel

______ T ams .

(i) Arrbenius theory, theary of solvent sy

ewis theorv,

(ii) The pH acale, Ruffer solution and the
Henderson~Basselihaloh eduation

(b) cCalculate the pH of a 1.0 x 1077m "ol solution.

(¢) The total carbon dioxide cont
blood sample is determined by

Van Slyke manometric¢ appar: . he total concentration
was determined to be 28.5 mmole/L., The blood oH at
37.0°C was determined to be 7.48. What are the
concentrations of HCO; and €O, in the blood?

CO, + H,0 ====== HOOy + H : Ky= 7.94 x 1077

. . - - Y . U St O 1 R, . P U TOR F R
H-‘.ﬂtf (’o [ fd}&?“‘l 15 JL?[),%:“ L2481 JL’HH 'ri_‘“()\/ T a0 10N,
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SECTION B: C?25 STUDENTS ONLY

TIME: ONE HOQUR

ANSWER : ALL QUESTIONS

Q5. Calculate the molar solubility of AgZCrou in the following
solutions:

(a) In water

{b) Ina 0.05M Na ,Cro, solution
(¢) In a 0.05 M AgNO; solution

(

Disregard the hydrolysis of chromate ionsg)

26. (a) The concentration of Agt ion in a saturated AgUeous
solution of Ag,Cr0Q, was found to be egual to
1.56 x 10™* M.° calculate the solubility of Ag
g/L, and its solubility product.
(m.m. of Ag ,Cro, = 331.7)

ZCer in

(b) How many grams of NH4C!  should be added to 50 mlL of
0.20 M NH3 solution so that after mixing of the resnlting
solution with 50 ml, of 0.02 M MnCl, solution, no
precipitate of Mn(OH}Z will he formed.

Kp for NH, = 1.8 x 1075

END OF EXAMINATION
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alues of t for v Degrees of Freedom for Various Confidence Levels

e

v Confidence Level,90%  95% 99% 99,5%
1 6.314 12,706 63.657 127.32
2. 2.920 4.303 9,925 14089
3 2.353 3.182  5.841 7.453
4 2.132 2.776  4.604 5.598.
s 2.015 2.571 4.032 4.773
6 1.943 2.447 3.707 4.317
7 1.895 2.365 3.500 4.029
8 1.860 2.306  3.355 3.832
9 1.833 2.262 3.250 3.690
10 1.812 2.228  3.169 3.581
15 1.753 2.131  2.947 3.252
20 1.725 2.086  2.845 3.153
25 1.708 2.060 2.787 3.078
0 1.645 1.960 2.576 2.807
v = H -~ 1 = dogrees of freedom.
Rejection Quoticnt, Q at weemmmess D ferent
Confidence Limits
CONFIDENCE LEVEL

Maboer of Cbhbservation Q“\C QCIS qu
3 .94 oH70 CGti4

$ 0.76 O.S’Lq 0620
5 0.6% ¢ 7.0 SRy
6 0.56 0.818 0 T4l
7 0.51 o s6¥ Gc SO
8 a9.47 0 526 ¢ LW
9 0.44 o mi1l 0:549%
10 J.at O Hbb 2548
o——————— E -
15 0:33% O 3%k O 15
¢ 0300 O34 0.5
1S 0277 o317 0393
30 O A0 0248 G372
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e S T
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values of 7 at the 35% Confidence Level

vy 2 3 4 5 6 -7 8 9 10 15 20 30

v 2 19.0 19.2 19,2 .1933.. 193 19.4 19.4 19.4 19.4 19.4 19.4 15.5

3 9355 9.28 9.12 9.01 B.% 8.89 8.85 6.81 8.79 8.70 B8.66 B.62
q 6.94 é.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 5.86 5.80 5.75
5 5.79 5.41 5.19 5.05 4.95 A.88 .82 4.77 4.74 4.62 4.56 3.50
6 5.14 4.76 4.53 4.39 4.28 4.21 +4.1% 4.10 4.06 3,94 3.87 3.81
7 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68 3.64 3.51 3.44 3.38
18 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35 3.22 35;5 3.8
3. 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14 3,01 2.94 2.86
16 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02 <.98 2.85 2.77 2.7€C
15 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59 2.4 2.40 2,33 2.2
20 3.49 3.10 2.87 2.71 2.6G 2.51 2.45 2.39 .35 2.20 2.12 2.0«

30 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.21 Z.16 2,01 1.93 1.8«
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€205/C245

INORGANIC CHEMISTRY

TIME: THREE HOURS
ANSWER: ALL QUESTIONS

C205. ANSWER ALL QUESTIONS FROM SECTION A ONLY.
TIME: TWO HOURS

SECTION A

1. (a) Sketch a graph showing the variation of kinetic energy of the ejected
electron and the frequency of the photon. Indicate the intercept of the
graph as well as its slope.

(b) Calculate the workfunction of a strontium metal in Jmol™ if an electron
travels with a speed of 3 36 x 10” cm/s when the light of wavelength 405
nm falls on it.

(\(/ Using Slater’s rules, calculate the effective nuclear charge, Z*, for the
following electrons.
(1) the valence (most easily iomzable) electron in Ca.
(1) the valence electron in Mn.
(1)  a3d electron in Mn.
(iv)  the valence electron n Br
Ca(Z =20), Mn(Z=25), Br(Z=35)

(d) The Lyman series of spectral lines in the spectrum of atomic hydrogen
arises from electronic transitions from the levels n, =23 4 etctony = 1.
Calculate the wavelength of the series limit (n; = oc) in Angstrom. Hence
calculate the energy in Kilojoules (KJ) per mole needed to remove the

_ electron completely.

2. }/ (1) Draw a molecular orbital energy level diagram of a nitrosyl
molecule (NO).

(ii)  Use the diagram to deduce the bond orders of NO, NO" and NO"
(i)  Arrange the species in the order of decreasing bond strength
NZ=7). OZ=8)



\97)/ " Ineach of the following pairs which is the larger 1on?

Gy O5F
@)  Mn*, Fe'
(i)  S%, Se*
O(Z = 8), F(Z=9), Mn(Z = 25), Fe(Z = 26)

S(Z = 16), Se(Z = 34)
Explain the reasoning behind each choice.

3. (a) The aqueous ions Zn®* and Ag” form complexes with ammonia that have
similar stabilities, yet zinc 'and silver are in different columns (groups) in
the Penodic table. Suggest a reason for this similar chemistry.

Zn(Z =30), Ag(Z = 47)

(b) Explain in detail, using both hybridization and the resonance theory why
the CO bonds in CO3* have a bond order of 1 and 1/3.
C(Z=06), O(Z = 18)

4 (a) Write the formula of the common oxide for each of the following:
1) Na (1) Al (i) S
Na(Z=11), ANZ=13), S(Z=16)
(iv)  Classify each of the oxides as being basic, acidic or amphoteric.
(v) For basic and acidic oxides, write balanced equations of their
reaction (if any) with water.

(b) Account for the observation that B forms BF, whereas Al forms AlF¢>"

SECTION B

1. (a) When the four-coordinate square planar complex [IrCI(PPh;);] (where
PPh; = triphenylphosphine) reacts with Cl,, the six-coordinate product
[IrCl3(PPh3)s] is formed by a reaction known as ‘oxidative addition’.
What isomers of the product are possible?

(b) Give the oxidation state of Iron in each of the following
)  KaFe(CN)]
() Naz[Fe(CN)sNO]
()  [(CORFe(CO)Fe(CO)s]

{c) Name the following ‘coordination compounds:
(1) [Co(en)Cl2]
(i) [Pt(NH;3),Cly]



(d)  Determine the number of unpaired electrons and the ligand field
stabilization energy (LFSE) for each of the following:
@) [Fe(CN)]"
@)  [Cr(NH3)e”
Fe(Z =26). Cr(Z=24)
2 (a) Write balanced chemical reactions, when
(1) Lithium sulphate reacts with barium hydroxide solution.
(i)  Carbon dioxide gas is passed into the aqueous solution of sodium
carbonate.
(i)  Colemanite is heated in aqueous solution of sodium carbonate.
(iv)  Boron reacts with dilute sulphuric acid.
() A mixture of boron trioxide, calcium fluoride and conc. sulphuric
acid 1s heated.
(b) Write the structures of the following species:
(1)  BsHe (i)  B3;03(OH)4
(c¢)  Complete and balance the following reactions:
(1) KMnO, + 8H,S0; + FeSO; —
(i1) Na;S;05 + I; —
(m) PCls + B203 —>
(iv)  Al(OH); + NaOH —
(v)  Na;B.O; + HO —»
CONSTANTS
h = 6626X107Is
¢ = 2998X10°ms’
m = 9109X10" Kg
Na = 6023 X 10" mol”
Rg = 1097X10"m"
go = 8854X1077'¢m’
= 1602X10"¢

[+
leV = 1602X10%7)

END OF SUPPLEMENTARY/DEFERRED EXAMINATION
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C251-ORGANIC CHEMISTRY

TIME: JHOURS
INSTRUCTIONS: ANSWER ANY 4 0UT 5 QUESTIONS
EACH QUESTION CARRIES 15 MARKS.
- DO NOT SPEND MORE THAN FORTY FIVE MINUTES
ON EACH QUESTION

1. (a) (1) What kinds of compounds exhibit OPTIC AL isomerism?
(i) Name each of the following geomeirical isomers by the F-Z method.

- HLC ﬂ _-CH,CH; - - HLC 1 Br
(a) _c=c (b) /C:c,\
C1 \CH;», Bf OCH,

(b) (i) Assign R, S configuration to the following molecules.

(a)
OH
H,CNHCH, lm CH,NH,
NH,
(b)
C(CHy),
(CH,),CH B st C1=CH,
630H
)
OCH,

CO,CH,



(i}  Draw the stercostructures tor each of the following compounds.

(a) (2R, 3R)-3- bromo-2-butanol

(b) Optically active isomers of 1-Bromo-4-Chloro vyclohexane.

(¢) What is the relationship between the tollowing pairs of compounds?

()
H3C\ . fti."H;\ I~-I3C\ o /H
/(, = “ and /Q( ~
Br H Br : CH,
(i1)
Br C1
H -t CH, H et OH
and
H e (7] 5 - E— S
OH CH,
(1i1)
HO . CI, H, OH
N (/]
N sl H.CaZn,
- S »
; and
;l‘r > \\ \s\\“'c
H " OH o / ~ou
H H, C
(iv)
C}L
H CH,
and
.
Br H




2. {(a) Alky! halides undergo an climination reaction to vield alkenes on treatroent
with strong base. If axial chlorohexanes are generally more reactive than
their equatorial isomers, which do you think react faster cis-2-chloro-tertbutyl
cyclohexane or trans-2-chloro-tertbutyl cyclohexane? Give reason(s) for your
answer.
(b) (1) Give the produci(s) that would be obtained from the cis and trans
conformers in (a) and
(1) State the major product giving reason for your answer,

(¢) Assuming that anti-climination of hydrogen bromide is favoured, predict the
structures of the stereoisomers that would give
(i) (¥)-2-Bromo-2-butene
(i) (£)-2-Bromo-2-buicne.
3. (a) (1) Give the mechanism for the reaction between 2-methyl-2-propanol with
HBr.
(i) State the rate-determining step.

(i) What kinetic order does the reaction follow?

(b) For each of the following pairs of reactions ,predict which one is faster and
give reason(s) for vour choice.

(1) (@) (CH; xCBr + CHyUHOH cwemege  (CH, ), COCHCH, + HBr

(b) (CH, »:CBr + CH;OH wmneranngge  {CHy 3COCH; + HBr

(i) (a) CH, =CHCH,Br + CN  DMSO_  CH, -CHCH,CN + Br

(b) CH,CH=CHBr + CN  DMSO CH:CH=CHCN + Br
RN

(i) (@) (CH; RCHCH,CL + T _acetone.  (CH, pCHCHI + CT

(by CHLCILCH,CH,CI ¢ 1  acetone  CH,CH.CHLCELI + C1
o e

(iv) (@) (CHy WCBr  + OH e (CFL WCOH + Br

(b) (CFs ZWCBr  +  OH  —eeemeetm(CF, 5COH + Br



v) (a) CHal + CN  (CH;)(=0 CHCN  + T

) CHd  + CON _HONHCH=Q =~ CHCN -+ [

(¢) Consider the table below showing the transition states of the nucleophilic
substitution reactions and the types of sotvents used.

Mechanism Transition state Type of solvent
Syl R el Polar protic
Skl R*erem > Polar aprotic
Sn2 Nyt emeRomm L Polar aprotic
Sn2 N emeRom--LY Polar aprotic

Give the nature of reactants and comment on the effects of the type of solvent
on the rate of reaction.

4. (a) Give simple chemical tests to distinguish between
(i) 2-pentanol and 3- pentanol.

(i) n-butanol and 2-buten-1-ol.

(by Show how you would make the following conversions using the compounds
indicated and any necessary inorganic reagents.

1) 2.3-dimethyl-2-butanol from 2-propanol as the only available organic
compound.

(i) 1-cyclohexylmethanol from 3- methylcyclopentanol.
(i) 1,2-cis diol derivative of 1,2-dimethyleyclohexane from 1,2-

dimethylcyclohexene and give the product(s) that would be obtained
when the diol is treated with a concentrated acid.



{¢) Give products and their TUPAC names resulting from the reaction of
1-methylcyclopentene with

5.

(a)

(b)

(c)

(1) Diborane and then hydrogen peroxide

(1)) m-chloroperacetic acid

(1it) Ozone followed by zinc and water

(iv) Mercuric acetate and basic sodium borohydride

What does the following observation tells vou about the mechanism of the
addition of chlorine to an alkene? In the presence of a bromide salt, vic-
dichloride and some bromochloroalkane are isolated but no dibromide is
obtained.

Account for the following facts;

(i) Acetylenic hydrogens are more acidic than ethylenic hvdrogens.

(it)

Acetylides can not be used with secondary or tertiary alkylides in the
preparation of alkynes.

1) Show how vou would convert frans-3- pentene (o cis-3-pentenc.
; P p

(if)

Compound A (C, H; ) reacts with H; and Pt catalyst to yield butane.

compound A decolourises Br, in CCl, and aqueous KMnQ,, but it does

not react with Ag(NH, ),". On treatment with Na in NH, , A is converted

to B (C4 Hg ). When B is treated with OsO, followed by treatment with

NaHSO,, B is converted to C (Cy H 1,0,). Compound C can be
resolved. Provide structures for A to C.
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C311-BIOCHEMISTRY I

TIME: THREE HOURS

INSTRUCTIONS:

SECTION 4
ANSWER ALL QESTIONS IN SECTION A
SECTION B

1. ALL QUESTIONS IN THIS SECTION CARRY EQUAL
MARKS.

2. CHOOSE ANY 4 QUESTIONS.

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

SECTION A

1. ) Caiculéte the change in redox potential (AE’o) and in the free energy of

oxidation (AG’,) associated with of oxidation of NADH by O,. The partial reactions
are: .

(@120, - 2H + 2¢  —  H0
By, = +0.820V
(b) NAD' + QUH o+ 2¢ -  NADH
E, = -0.320V

If the amount of energy required to synthesize 1 molecule of ATP is equivalent to AE’
of +0.167V for a 2¢ oxidation-reaction reaction, calculate from the AG’; from the
AG’q for ATP the maximum number of ATP molecules synthesized during the
oxidation of NADH by O,.(Farady contant = 23.1kcal/v/mel).

[3 marks]



(i1) The AG’, for hydrolysis of ATP to ADP and Pi -7.3kcal/mol.
{a) Calculate the equilibrium constant for this reaction at 298K.

(b) Is this reaction at equilibrium in the cells? Explain.
(Gas constant = 1.987cal/mot)
[4 marks]

2. (a) Radioactive glucose, labeled at position 4 with 4C was incubated with cell-
free liver homogenate under anaerobic conditions. What position in lactate produced
would be labeled with **C?
[6 marks] :
(b) Oxygen transport can be affected in genetic disorders of glycolysis in red
blood cells.
(i) How are glycolysis and oxygen transport linked?
[2 marks}
(i) How is oxygen affinity affected by a deficiency of hexokinase?
[2 marks]
(i) How is oxygen affinity affected by a deficiency of pyruvate kinase.
[2 marks] ‘ ,

3. TRUE or FALSE, If false explain why.

(a) Isocitrate dehydrogenase is an allostric enzyme.

[1 mark]

(b) The TCA cycle is limited to the aerobic oxidation of pyruvate derived from
glucose,

[1 mark]}

(c) Fumarate is a cis isomer.

[1 mark]

(d) Intermediates of the TCA cycle can be used for amino acid synthesis but not for
gluconeogenesis. '

[1 mark]

() The activity of pyruvate dehydrogenase can be regulated by covalent modification.
[1 mark]}

(i) The TCA cycle has many points of control. Briefly discuss why it 15
necessary for this pathway to have so many points that control it.
[2 marks}



4. Name the THREE types of enzyme specificity and the THREE
MECHANISMS used to explain them.
[6 marks]

5. Using diagrams only, DESCRIBE the effects of the following on enzyme
activity.

(a) Hydrogen concentration.
(b) Temperature.

(c) Substrate concentration.
(d) Enzyme concentration.
[4 marks]

6. Identify the following:

(a) The Merrifield procedure.
(b) Pauly Reaction.

(c) Isoelectric point.

(d) Linus Pauling.

[4 marks]

SECTION B

7. Describe five methods for the determination of the primary structure of
proteins.
[15 marks]

8. Differentiate biochemically and in detail between haemoglobin and myoglobm.
{15 marks] '

9. (i) Nitrite is very effective in treating cyanide poisoning when administered
immediately. What is the molecular basis for the action of this antidote? (Hint: Nitrite
oxidizes ferrohaemoglobin to ferrohaemoglobin.} '

[S marks]

(i) In the 1960’s Peter Mitchell proposed that the oxidation of NADH by
Oxygen is coupled to the phosphorylation of ADP by means of a proton motive force.

Discuss the experiemental evidence that supports his noble prize winning hypothests.
[10 marks]



10. (i) Where in the cell does that pentose phosphate pathway take place?
[2 marks]

(iiy Briefly discuss its purpose.
[3 marks]

(iii) If ribose 5-phosphate, uniformly labeled with radioactve carbon was
incubated in suitably buffered solution containing xylulose 5-phosphate (NO 0y,
thiamine pyrophosphate, Mg, transketolase, what two new carbohydrates would be
produced and what would be the labeling pattern of carbons in each one?

[10 marks}

12. (i) A sample of glucogen from a patient with liver disease is incubated with
orthophosphate, phosphorylase, the transferase and debranching enzyme. The ratio of
glucose 1-phosphate to glucose formed in this mixture is 100. What is the likely
enzymatic deficiency in this patient? Briefly discuss your reasoning.

[5 marks}

(i) In thermodynamic terms, what is the significance of the reactions between
1,3-bisphosphoglycerate and fructose 6-phosphate during gluconeogenesis?
{10 marks] :
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THREE HOUERS .

ANWY FCUR QUESTIONS

Explain vhotometric titrations.

1) What tvoe af titratice urve <an you eipect
whene > ¢ ande €5 = et = 0 in ancthe
example wﬁed

{id) € >0 andeg =g = G

where g, is molar absorptivities of subhstance titr rated,

ep is product. and eg¢y is titrant respectively.

Explain continuous variations method for determining
numbers of ligand.

How can you determine p¥E weak acid spectrophotametricaly.
Mclar ab cobalt and nickel
complexes thicol are ggg = 36.400
and eng = 1.240 and

5N1 = lh {0 o sample was

ryences . atter addition

LIMInE ter
of 2,‘—culnoaai?aedithzaif the volume wazs adjusted to
5G.0 ml. This solution had an absorbance of 0.446 at
510 nm and 0.32¢ at 56 nm in a 1.00 om cell.

ulate the parts per million of cobalt and nickel in
sample. [Co = 58.9332, WNi = 55.69341.
A standard solution was put through appropriate
dilutions to give the concentrations of iron shown
below. The ivon (I1)/1,l0-phenantroline complex was
then develoved in 25.0 ml aliguots of these solutions.
tollowing which each was diluted to 56.0 ml. The
followino absorbances ware recorded at 510 nmm:

ot



Concentration of FPe {11} absorbance A
0

in a1 L3

2.G0 3.164
5.00 0.425

8.G6 .62

i
8]

12.00 0.5951
16.00C 1.260
20.0 1.58z2
dnknown 1.125
(1) Produce a calibration ocurve from these data
{idi; BV mathod {f least sguares. derive an eguation
elating absorbance and concentvation of

ivon {I1).

{(iii} Calcu;:ue the standard deviation of the

deviation of the slops.

Explain briefly thhe differences between IR and Raman
¥Wnhat type of wolscular vibrations do vou know? Sketch

Explain guantum treaitment of vibrations.
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Caloulate the wave iﬂxb?v and wavelenath of the
fundamental ahs to stretching vibration
of carbonyi

Tk l G = = 16.01
A

- . . e : 1,.
Explain chemical shifts in "H NMR spsctroscopy.

]
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Explain spin-spin slit
Explain protons on alic
in H NMR spectrum of
sigrnals, which has the
THM3: 162.535 and 247

ing in H KMR spectvoscapy
v . 1. -
0n0is 1n TH NMR spectrosodpy.

from

Calculate their chemical shifts. if the spectrum were
measuved in apparatus with v, = 60 MHz.
1oh freguencies from TMS can we find these 3igna
use apraratus with y, = 300 MHz
a H mNME spectrum of bslow compounds, their
rated derivative spectrum and their ratio
cTively.
i. 2.
Br—CHy--CH=CH~CHj5 FHp~CH=CH~CHy~OH
NH
B~C~Ciy~CH
‘ ," - . “
AN /- Cly~CHy-N~C-CHg
oL - {
, e oud
| ) ot ’
"\.. N /'!J 3. l‘.
Explain the principle of ARS wmethod.
Explain Inductively il ed }osource.
Explain standard additinn method for ARAS.
A serum sample is analvzed for lithium by atomic
emission spectroscopy using the method of standard
additions. Three $.50 ml aiiguots of sample ars
ed t: porticns of water. To theze are
d Z20.0 uil of standard 0.050 M LicC)
wission signals  (in arbitrary units}
68.0 for the three solutions
What is the concentration of lithium in the sarum
{waight per volume)? [Li = &.9%41,

sample in  ppm
i

Cl = 35,4527

Lab
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Concentration

at Fh

{mg/fml

Sailuticon Mg Pb

i. 7.3 iT.5 G.151
2. 8.7 ‘ i8.5 G.701
3. 7.3 i1.0 ¢.301
*

4. 1000 12.0 0.402
5. 11.6 0.4 g 502
A. 5.8 15.5

E. I 12.8
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INORGANIC CHFEMISTRY

FIME: THREE HOURS

[NSTRUCTIONS:

L. THIS EXAMINATION HAS SIX (6) QUESTIONS,

. ANSWER ANY FOFUR (4) QUESTIONS.

3. A TIDY AND ORDERLY PRESENTATION T8 A MUST.

" e o o o ke e ey mm mm e e e e e e e M Sme MmN Wm e W e M i e S n we e e e e ek b e s M A e e K W M e e M e e G e e e e

1. (a) Define the Racah Parameter.

(b) An aqueous solution of divalent nickel state are light
green in colour which are traced to the presence of
weak bands in the red and the blue portions of the
visible spectrum. These bands are

Cm €
8700 1.6
14500 2.0
25300 4,46
(i) Determine Ay and B for the complex,
{(ii) Given that Rg for Ni?t is 1030 om=} .Comment

on the implications of the calculated B far
the complex,

2. (a) Discuss, by using suitable examples, two methads
that are commonly employed for the preparation of
transition metal complexes.

(b) Account for the following:

(i) cu?t complexes are coloured where as Znt
complexes are colourless,.

(ii) [FP(FN) 137 is an inner orbital complex where
as [Fe& 137 is an outer orhital complex,
[Atomic No: Fe = 26; Cu = 29; Zn = 30]



—
o]
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Name the following coordination compounds .

(i) [Co 50,(NH,), ] No,

(ii) Na,[ZnCl, ]

(iidi) [Cr (en}2 (NH3) cl] 50,
(iv) [(NH)g Co.NH,.cO(NH, ), 1%

| $

(d) Draw a labelled nolecular energy level diagram for

the octahedral complex [Co(NH,) 13+ Determine hond
order also. Vﬁ%

[Atomic No: Co = 273

(a) Coordination complexes exhihbit many types of
isomerism. Explain briefly three different tvpes

of isomerism that are shown by transition metal
complexas,

(b) Determine the crystal field stabilizatien energy
for a 46 complex having 85 = 25000 en™! and pairing
energy, P = 15000 om™

(¢) Sketch all possible isomers for the following complexes.

(i) {Rh Cly (py)3} py Pvridine

3]

(ii) [Co (NHs)u (NOZ)ZJ ¥ X Halide ion

1

(d) A complex of a certain metal ion has a magnetic
moment of 4,90 BM; another compler of the same metal
ion in the same oxidation state has a zera maagnetic
moment. Tdentify the central metal ion from the
following.

2-?’ Co%, Ni2+

[Atomic No: ¢r = 24; Co = 27: Ni = 28]

(a) Describe the laboratory method for the prepvaration
of hydrogen peroxide. How does it react with

(1) Chromic hydroxide in presence of caustic
scoda.

(ii) Sodium hypochlarite

(iii) Lead dioxide

(iv) Formaldehvde



(a)

Write the structures of the following species,

P.O 3 i_S ; 0 : IF
(P3019) Hp5,0;7 Ny040 TF,

Write balanced chemical reactions hetween silieca and

(i) XeF,
(i1) XeOZF2 .
(iii) Na 2C03

Write balanced chemical reactions, when

(1) Potassium ferrocyanide is heated with
conc. sulphuric acid in agueous medium.

(ii) A mixture of sodium nitrite and sodium
iodide is heated with cone. sulphuric acid.

{(iii) Calcium phosqate is reduced with silica and
charcoal .,

(iv) Hydroiodic acid reacts with sulphur dioxide
gas in aqueous medium.

{(v) Xenon tetrafluoride reacts with boron

trichloride.
Give a brief account an 'INTERHALOGEN COMPOIUINDS ',
How would you obtain,

(i) Antimony pentasulphide from antimony
pentachloride.

(ii) Colloidal sulphur from hydrogen sulphide.
(1ii) Carborundum from silica.
(iv) Sodium arsenat from arsenic pentasulphide.

Give threa methods for the preparation of phosphine
gas. Write balanced chemical reactions, when it
reacts with

{i) Aguecus silver chloride
{(ii) Ooxygen
(iii) Chlorine



(b) Write four commercial uses of each of the following

(i) Phosphates
(ii) Sulphuric acid

(¢) Complete and balance the following reactions.

(i) cocl, + NH,  ~---- >

(ii) PCly + CHaOH  ----- >

(iii) Cl,0, + T, —-=-mm- >

(iv) Ra(Cl0), + H,S0, =—==-=-->
280°C

(v) cl, + F, (excess)  =--=--=- >

TND OF EXAMINATION

-
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C361  Physical Chemistry
Semester 1 Final Examination March 2, 1998

Useful Information: R = 8.314 ] mol-1 K-

Nas=6.02x 1023 ‘
Atomic masses: Cs 13
Ar 40

Instructions: Answer any four questions

ad

Time 3 hours

.{a)

(b)

(a)

Briefly define the following terms and explain how each of them may be determined
experimentally.

(1) Boyle temperature.

(11) Ideal gas temperature.

(i)  Critical volume.

(iv)  Compressibility factor. /. of Van der Waals gas.
(v) Mean free path. A.

In an experiment of metal vapour pressure determination, 385 mg of Cesium, Cs. was
lost in a period of 100 s through a hole of diameter 0.5 mm in a wall of container. The
determination was carried out at a temperature of 500 °C. Calculate the vapour
pressure of cesium.

Given that methane gas obeys the following equation of state for 1 mole
PV =RT +BP + CP’

(1) Derive an equation for the reversible work of an isothermal expansion of the
gas in terms of pressure. P. B and C are constants.

(11) For the gas mitially at a pressure of 10 atmospheres and temperature of 200 K
expanded to 4 final pres-ure of 5 atmospheres, calculate the work done by the
gas. At 200 K. C = 6.86 « 106,

Use the Maxwell distribution ccuation 1o derive the most probable velocity C*. and
use it to calculate the most prob.:ble velocity of argon gas at 200 "C.

The Carnot cycle 1s a sequence of events which was used a great deal in classical
thermodynamics and sull plays 1 central role in the discussion of efficiency ot heat
engines and refnigerators. Show the sequence of isotherms and adiabats in a4 Carnot
cvele using a clearly labelled P-V indicator diagram.



(b)

4. (a)

(b)

S (a)

(b)

Using the information from (a) above show that the efficiency of the heat engine is
given by

_ 9 tgq,

B q,

€

Derive an expression for the variation of the equilibrium constant with temperature.
What is the behaviour of the equilibrium constant with temperature if the reaction s
(1) endothermic and (11) exothermic.

Sulphur exist as S, vapour at temperatures between 700 °C and 1500 °C. At 1200 °C
it combines with hydrogen according to the equation

Hy(g) + $S(e) - H.S(g)

At 750 °C the equilibrium constant 18 1.07 x 102 and at 1200 °C it i1s 4.39. Determine
the heat of reaction in the temperature range 750 °C 1o 1200 °C. and the change in the
free energy at each of these temperatures.

Draw a labelled phase diagram for a purc substance Q which has the following
roperties: (1) normal boiling point at 220 "¢, normal freezing point at 80 °C. and a

prop ) gp gp

triple point at 60 °C and 2 atm? :

(1) What are colligative properties? Show how the freezing point depression can
be used to determine the molecular weight of a compound.

(11) A vehicle has a 100 litres cooling system. Suppose it was filled with a 50-50
solution by volume of ethylene glvcol ((CH20H);) and water. At what
temperature would freezing become a problem? Assume the density of
ethylene glycol and water to be 115 g em3 and 1.000 g cm-3 respectively.
The freezing point depression constunt for water is 1.86 ° C mol-1.

Define briefly the hydration number of ap iy

The following data is given for the radius .t Nu- iy crvstals and in aqueous solution

lonic species  Ionic radius / Radius in aqueous
solution / nm

Na* 0.095 0.24
K- 0.133 0.17
——

Explain why the radius of Na+ s larger tha: that 0f K - in agueous solution.



(¢) (1) Define briefly the transport number and mobility of an 1on.

(i) LExplain why H* and OH" have unusually high transport numbers.

-—--tnd of Examination ——
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L
-

Classify hovmones {(a)
which they act and (

. Identify the follaowing
(a) Transcript tenuation
{(b) Partition rient
(¢) Osmotic Pressur
(d) Donnan eguili um
(e} Heterotropic osteric enzvmes { 5 pts)
, Using diagrams only, identify the four tvpes of rings found
in prostaglandins. {4 pts)
= Calenlate
~
(H) the number of radioantivea sT0mMms and
b) the Wi—‘ighf in grams of p‘(’ic}?;?’!‘a;‘)?‘ns; i ot oof wire
phagshorus
{e) vity of pure 32p The half
{5 _t_Ji ‘:\.\I

-
4



ECTION B: ESSAY QUEST
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NSTRUCTIONS: ANSWER ANY FOUR QUESTTONS

TME

ALLOWED: TWO HOURS TWENTY MINUTES (2 WRS 20 MIN),

A1l Questions Carrv Raual Marks

With the aid of a diagram, de ibe the biosvnthesis of
stervoid hormones. WName all sex hormonas and their
functions. Explain why the female human is vhvsinlogicajly
superior to the male human.

ias i the differant -
I 1 5
L B

Using a table, show the protein-livid rat

membranes vou have ﬁfudge' How many king of protein are

associated with membranes Name them. Dpsvrihp in detail
the various types of wmewmbrane architecture vou have studied.

How are (1) the metabolism of carbohydrates and {2) the
activities nf Gluthamine synthetase. controlled?
Discuss in detail the contraction of muscles at the
molecular level.

(a) Describe the principles that underiie tha separation of
polypeptide by 91pctzﬂphﬂresi5 on 8hS8~polyamylamide gel.

(k) An enzyme was purified to homogeneity, reduced. and
denatured and then sub- dected to gel elact ((‘ﬂ:’:nu[ esis an
20% SDS-polyacrylamide gel. The run was terminated when
the marker dye bhad moved 10 om into the agel. On
staipning for protein. three bands were ohserved. The
three had approximately edual intensities. and had waved
4.3 om, 4.8 cm and 7.3 om into the gel. Foar protein
calibration markers of My 68 G0G. 45 000. 25 6GGO and
12 000 mnvm] 2.0 em, 3.7 cin. £.3 om and 5.5 oun into the
gel respectivelv. What wav be deduced about the subunit
structure of the enzyvme from this exveriment?

---—.-.--.__._.............._..__.....,.,_.,..__.—...._._-..-..-—--..—-——-._._-._.._‘....._——-_.-._.__.._._.-._..._..._—....._._....—-._.
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ADVANCED ANALYTICAL CHEMISTRY

Yy
TIME: 4 HOURS
ANSWER ANY 4 QUESTIONS OUT OF 6 QUESTIONS IN THIS PAPER
Question 1
(a) 0.2g of copper ore is anlysed iodometrically. Cu(11) was reduced to Cu(1) by
iodide. 2Cu"" + 41 wmmememmemema> 2CuL +
What is the %Cu in the ore if 20ml of 0.2M Na,$,0; is used for titrating liberated
iodine. I, + 285,057 rremmmmesmome> I+ 8,067 (4)
(b) Describe how to determine “Base saturation” and “Exchangeable acidity” in sotls.(4)

(c) Describe in detail the analysis of 2 nitrogenous compounds in soils. (3)

(d) How would you determine otganic C a§ well as “alkalinilty of ash” in soils.(4)

Question 2.

(2) What weight of pyrite (impure FeS) must be used m analysis so that BaSO,
precipitaie formed will be equal to half that of the %S in the sample.(3)

(b) Describe 2 procedures used to prepare rock samples for analysis using the
determination of Cd as an example. (4)

(¢) Explain the main sieps in atomization of an analyte using electrothermal furnace
including the physical and chemical processes that occur in cach step. (4)

{d) Desribe any 3 schemes used in the analysis of silicate rocks. (4)

Question 3

(2) A soda ash sample is analysed by titration with standard HCL The analysis is done
in triplicate with the following resulis: 93.50, 93.58 and 93.43% Na,CO;. Within what
range are you 95% confident that the true value lies? (&= 4.303). (3}

(b} Describe in detail the analysis of Zn and Fe n Brass, (4)

(c) How would you determine B and silica in Glass. (4)



(b) A monitoring exercise is planned for Pb deposited on soil close to a busy roadway.
How do you select sampling positions and how do vou determine Pb in such samples?
3)

(¢) Which techniques would you use for the following analyses:

(D) NO; in the external atmosphere at several locations

(i) An organic solvent in a lab atmospherc

(iil) CO to protect a worker in an area where there may be rapid increases in
concentration. (4)

(d) Compare the rouies by which high molecular mass organic compounds and toxic
metals may disperse and reconcentrate in the environment and in organisms. {4)

(USE:Ba=1373, Cu~ 63.5.1= 12698 = 321, Fe = 55.8, Al=27.0,0 = 16, C1
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ADVANCED INORGANIC CHEMISTRY

TIME: THREE HOURS
INSTRUCTIONS:
) ATTEMPT ANY FOUR (4) QUESTIONS.
(i) CLEARLY INDICATE WHICH QUESTIONS YOU HAVE
ATTEMPTED ON THE FRONT ANSWER BOOKLET.
1 (a) The v(C-N) stretching frequency is a distinctly strong and

(®)

characteristic infrared band found in the region 2100 - 2030 cm "' and

can be used to distinguish complexes of the type Mn(OPPhz)4(SCN),.

The complex Mn(OPPh;)s(SCN), is known to be bonded to its

thiocynate group, SCN ', in a cis-fashion.

@) What 1s the point group to which the complex belongs?

(1)  What symmetry operations are found in the complex?

(1) By using the method of internal coordinates and by taking the
C-N stretching frequency as the basis set, determine I'c.x syewch,
and discuss the nature and type of the v(C-N) observed.

Discuss the © (1) bonding scheme expected in ICl, ~ and predict which
atomic orbitals on I are available for 7 (1) bonding.

2 Consider the organometallic compound (C;Hg)Fe(CO);. By ignoring the actual
coefficients on the wavefunctions of the 1,3-butadiene and by regarding them
simply as unit -

()
(i)
(iii)

Determine the molecular orbital wavefunctions ), 2, s and y, where
W1 < W2 < y3 <y, in energy

Draw the shapes of the frontier orbitals on 1 3-butadiene and calculate
their approximate energies in terms of o and [ units.

Discuss which appropriate orbitals on Fe will bond to each of the v,.
W2, Ws and 4 molecular orbitals and the (ype of bonding (o, 7, 8, etc.)
resulting from the interaction. What effects does each bonding type
have on each of the four carbons in 1,3-butadiene?



NO; " 10n has the following bands:

Infrared: 1350, 830 and 680 cm ™!
Raman: 1355, 1049 and 690 cm !

Given that the bands can be assigned as v, v, v; and v,

()
(i1)
(iii)

(iv)
™)

(a)
(b)

(a)

(b)
(©)

(a)

(b)

(c)

(d)

How many fundamental modes of vibration are expected in the
molecule? )

Account why the actual number of bands can only be assigned as v, to
V4. :

Explain which N-O vibration frequency v; or v, or v; or v, is missing in
the infrared spectrum. Why?

Which Raman frequency is also missing?

Correlate the above bands to the v, system.

For the C¢Hs group, draw an energy level diagram in B units and show
the shapes of the SALCs on benzene.

Compare the energy obtained in (a) to that expected from a Kekule’
benzene structure. What conclusions can be drawn?

Which of the following molecules can have infrared spectrum?
NH:, HCl, H,  CO, 0,
Explain your answer.

What must occur for a molecular vibration to be Raman active?

State the rule of mutual exclusion and give an example of a molecule in
which this rule is applicable.

How can one separate the following mixture of compounds?
() SiMe, and Me;SiOSiMes.

(SiMes, b. p. = 68.2 °C; Me;SiOSiMe;, b. p. = 101 °C)
(1) NbOCI; and NbCls.

(Both compounds are solids)

The reaction of PCly with [IrCI{CO)(PEt:),] gives a compound of the
composition [Ir(PCL)CI(CO)PEts3),]. Discuss which spectroscopic
techniques are required to elucidate the structure of the compound

Consider a hypothetical inorganic compound A-B-C-D.

(1) Give the sequence of processes tnat may occur when ABCD is
bombarded with an electron.

(1) What array of ions will be separated and recorded on the mass
spectrum?

(1) Sulphur-carbon 7 bonding is not as effective as nitrogen-carbon
7 bonding. In the mass spectrum of HSCH,CH,NH,, would the
m/z = 30 or m/z = 47 peak be more intense? Explain.



(i)

The intensity of the peak for the fragment,

CH;

is much greater than would normally be expected. Explain the
above observation.

END OF EXAMINATION

‘e
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ME: 1,5 HOURS

NSTRUCTIONS: ANSWFER ANY TWO (2) QURSTIONS TN SFPARATE
ANSWRR BGOKS.

(a) Draw the structure of the hridoed intermediate expected
if each of the following were to act as a neighbouring
group

(1) - C

"
2
O3
o

H 3~?

6
(ii) - CH=CHR
(iii) -0
(iv) -0OH
(v) - N(CH_).

(b) Tdentify the lettered products of the following
chemical transformations.

(See accompanying sheets for diagrams)

(¢} Upon veaction with bromine water, allyvl bromide gives
directly the primary alcohol CHaBR-CRRr-CH0H. When
allylbromide 928r undevgoes this reaction. the
following productswere obtained

Hz——CH==CH2 Big Hy0 CH—-CH-CHZ +
82* | 1

Y Br Rr PRr
{55%)

£ q

i



(a)

(b)

CH,~CH-~CH, + C“2-?H—~sz

1 ! | ]

Br %%Br oOH 823y OH Brv

(24%) (21%)

(i) How do vou account for the formation of the
24% product with 822 attached to C-27

(ii) When simi 1ai}y !ahe1}ed allvl chloride is used
there is obhtaiy niv 4% of the product with
the label 7. How do vou account
for this chioride and bromide?

Give a prlausible mechanism invalved

reactions.

(See accompanyi

Comment on the
alkene with meth
explanation of

(s

fJ)

Discus: :
trends in o
factors are
in organic

relevant eguations.

'J)
s
ot
=
bt
T

nd

From the reaction

hydrogen bromide is of

dibromohutane,

detail as to how
an intermediafe in

1f the answer

noionic 61Qayme
nonionic non-di
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{(b)

Pama
9
S

Describe in as much mechanistic details possible the
"0xo" reaction invaolving an a}kene, carhon monoxide
and hydrogen to vieid aldehvdes using the catalyst.
Rh{H)(CO) (PPhaP)

\ | |

C = C + CO + H, catalvsat —_— (= O -

/ \ — | |

H CHO

Is there any evidence of svamphorvic effects in the
suggested mechaniam? xplain

Tdentify all stews involving

(i) oxidative addition

(i1} reductive alimination

(iii) ligand association

(iv) insertion

(v) changes in oxidation state of the matal
(Vi) coordinati ivelv saturated and unsaturated

Spacies

(o3
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SECTTION R

IME: ONE AND A HALF HOURS {14 HRS).
NSTRUCTTONS

ANSWER ANY TWO QUESTIONS.
ANSWFR THIS SECTION IN A SEPARATE ANSWER ROOK.

UL A N G ML M M - M e s e e e R s e b e e e e ke S e e e e A L e ke M e M e e M e Ve e M e M W e e W e e s fms e e e e W e S e A -

(a) Identify the pharmacophore in the following
anti-bacterial agents. A - I

N a5 soN—( )2
Ph T —7/ | 2 -
@) (jf‘*fq //J\\ . ‘ N
o \{ CHg
H N
COOH 2
A 5
0 H cé
N
a £
~N P
H N NOY o
C D
(b) Briefly explain how compound ﬁ structure shown above. .
is inactivated by many Gram positive cacai, o

(7 marks)

o



(¢} A molecule E,
to improve the
shown in duest b a plausible seguence

of reactions he transformed

into compound rate 1} S A G neaded and
special reaction conditions, if anv, for each step.

3

(12 marks)

-~ 1
[«

A potent anti-microbn

pmt e

?-amino-3-methoxyvbenzoic acid ~---rememmmmm o >

E + H,N.NH COOH e -

¢
7
H +H2NNH-——C—*=’_1\’: OCHB“'-—*;-““’“-‘» 3

Reaction 3

lv-4

{1) Identify compounds H and J in the above synbhesis

{5 A E &

(ii) Give the mechanisms of the veactions 1 &and 3.

{6 mavks)

likely made of anti-bacate

ast the mos

R
g2l

on of comoound J. {8 war
1 > N

pare compouna & used i the

rom a mono-funchionalized benzene,

{0

[ markﬁ)



Propose a stepwise synthesis of TWO of the following
biclogically active compounds from readily available
non-heterocyclic starting materials. 8how the Tagic of
your proposal.

(1) H

(ii)

Iz

(iii)

e
OH ( 25 mavks)

END OF EXAMTNATION
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CAV 7251

ERATYTICAL/PRYSTCAL/ORGANTS CHEMISTRY

TIME: THREE HOURS

INSTRUCTIONS

=1

1. THERF. ARF SEVEN QUESTIONS TN THIS EXAMINATION

®

2. ANBWER QUESTION ONE AWD ANY OTHER FOUR QURSTTIONS,

il

3. QUESTION ONE CRRRIFS 20 MARKS AND 10 MARKS ARF ALLOCATED TO
FACH OF THFE OTHRER QURESTIONS.

4. SHOW ALL YOUR WORKING FOR THOSE QUESTIONS INVOLVING
CALCOLATION,

i



CAV 251
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(a) FExplain briefly how you wonld analvs sample

from a car Joad of ten 90 kg bags

(b) B new method of determining oxyphen butazone gave
99.53% recovery (U@yiaﬁv, 0.3185%), The standard method
gave 99.88% recovery (variance O, 157 2}, In each case
three replicate measurasments were made, Test whether
the two means differ aignifica ntly at 95% confidence
level, :

(¢) calceulate the [OH™ ], the percent reactisp and pH of a
G.050M soclution of sodinm acetatbe ¥a for
acetic acid = 1.75 g 1079,

{d) Define tha rate determining step of & reaction
mechanism,

.

TEe g e

(e} One mole of an %ﬁ@.“ gas an 7570 i camg
adiabkatically so Al the bemperature visas ta 5577
Calculate the AR, g, @ and 4K for fhe process, Oy
for the gas is 1.5R.

{f) Give the TUPAC names naf the following organic
compounds .,

(i) CH, CH e O - O
2 | ; 3
R -
UH, 2 CHL, - CHL
2 2 3

(1) O = CHE= OH - O ( GH,}E.
(iid} CHy == CH,, = CH -~ CH—CH,

i f

By  Br

(g) Cive explanations as tn why di-paivs and meso coppounds
are optically inactive,

?
i)

i3

{h) fine T (or ITpH.
atn amine soid with pRa values 7.6 and 9.8,

imate its pf value.

o, p—
S
oom

ol e S or 2|

I3
%

{a) Distinguish betwsen dry-ashing and vet-ashing.

{(b) Fxplain the difference hetween AOOVTary and
precision.

it



()

(¢}

(k)

A commercial farmer purchased a track load of stackfeed
¥ The analvais certificate made

from the manufacturevs.

out while the trachk was being loaded showed 46.70%
protein with a standard deviation of 0.07% for five (5)
measurements, When the stockfesd arrived at the farm,
it was analysed with the following resnlts, % protein:
45,58, 45.61, 45.6% and 45.64., Should the [armer
accept the stockieed?

Calculate the pH and pOH of 0.314M Ba{ﬁﬂ}z aalution,

An acetic acid-sadium scetate huffer of pH 5.00 1ig
J00M in sodium acetate, NaGloe, Calculate the pH

ter the addition 10 wi oof 0,100 NaOK to 100 wl
the buffer,

hhrha

o o Ky e " e
Ky for acetic acid = 1.76 x 1077,
A 25,0 ml praotein of 0,050 Na , Ord a, solution 1s mixed
with 25.0 ml of 0.120M AgHty sclutio n, Calon '5: te the
molay solubility of Ag,CrQy in i?w solution.

Kgp for Rg Cro, = 1.5 = s}

Derive the rate of formation {(rate law) of CH, from the
machanism below.

CH 3{?;{:}7 ;:‘} B T . Y {'\:H‘ 3 + 5‘4 H (5

CH, + OH_OHO ~owem% vmsmcmnneey CH

3 3 &

{“‘:;Sf 3{:‘{\; o o e e s e e v e v e e (‘ }%ﬂ -+ (‘(‘}

2CH

-

3

i

'

'

i

H

5,
.,
s

Bwmovidia plays a major role in the productio of
nitrogenous fertiligers usad 1o the farming indugtvy,
The free energy of formation of awmonia, AG (2938K)

ig ~16.5 ?5/1@1

um constant for the
eaction of the faormation
apents ab Z29BR.

(i)

EI P tOB/0 O, wEmmem === NH, ()

et

Given that fhc enthalpy ol formation of
awmonia st 79BR is ~46.1 ki/nwole. Compute
the egui}jhxium conatant at 40070,

Py
=t
St

e



(a) Draw out the structural formula and give the TUPAC name
of

CH3CHZTHCH2?H CH, CH,

CH, CH,CH,CH,
{h) Give the structure and name of the alkene that yirlds

on osronolysis:~

(i) CH,CHCHO " and W, CHO

!

(:H:i

(i3) only O=sCeCH, ~CH, =GR ~—C2=0

H H

.
72
et
PN
Tuad
N

{11) With reference to the above mechanisms prediot
the product(s) of the reaction of compound (A)
anda of compound {8) with hydroxide ion (OH™).

Fal]

1,1

Y e

RO H, -CO~-CH, C “H., CH, C
CB, CH CH, E TH, CH, CH, CH, C]
CH,,
LAl (R}

() Distinguish between sterecisomerism and optical
isomerism,

{t) Draw Fischer proijsctions of

BOOC-—CH{QH ) =—CH{OH )~ CO0OH to 1i1lustrate.

(1) a paiv of enantiomers
{i1) a pair of diasterecisomaers
(i) a mess compound.

N
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7. {(a)

(b)

(e)

(d)

State and describe two functions of carbohydrates.

The structure given helow is that of a-D-glucose.

Draw the structures of:-

(i) B-D-glucose
(1i) a-TL.-glunose

2-aminopropancic acid is an amino acid. It has the
following formula

P
H-—~C—NH,

3

CO,H

Amino acids avre soluble in water since they exist as
switterions and also form hyvdrogen bonds with water
moleculaes, Draw the zwitterionic form of
2-aminopropancic acid.

The scheme bhelow shows a suggested reaction scheme for
the synthesis of 2-aminopropanoic acid from 2-hydroxy
propanoic acid,

CH CH CH
3 3 3
| A | B |
He—C=—QH ~=~==m > H—C-—Br -—--—-—=- > H-—C-—NH,
| l I
Co,H Co, H co, B

Suggest the reagents and conditions needed to carry out
the two steps A and B,

~3



(e) Two amino acids, aspartic acid and sevine are!

HZN--—cltH-»cfazﬁ HQNM?H-—-COZH
oo
COo,H OH

Aspartic acid Serine.

Praw the structural farmula of a dipeptide formed from
these two amino acids, showing the ionic form in which
it would exist at pH 17.



THE UNIVERSITY OF ZAMBIA
GEO 111

INTRODUCTION TO HUMAN GEOGRAPHY I

TIME

ALLOWED: 3 (THREE) HOURS
ANSWER: QUESTION 1 (40%) AND ANY OTHER 3 (60%)
NOTE: ILLUSTRATE YOUR ANSWERS WHEREVER POSSIBLE

USE OF A SCIENTIFIC CALCULATOR IS ALLOWED

Using the map in Figure 1 determine the settlement pattern
pertaining in the Copperbelt Province of Zambia covering
31,328 sguare kilometres.

Write short explanatcry notes on each of the following:

ct
e
!
J
‘(

e Crop Thecry and Intens
"iers affecting “szusi )
t Transport Cost Location
Rank Size Rule.

uation in settlement Geography

o

3\

m Q () i

1)
)
Discuss the applicability of Hagerstrand’s diffusicn model
with reference to Zambia.

Account for Zambia’s high rate of urbanisation compared to
cther countries in Sub-saharan Africa.

ain how the Regional Approach differs from the other two
ches found in the development of Human Geography.

m

P“( ot

Xp
3PP

[9))

-

Christaller’s Central Place theory is toc hypobhetlcai tc be
f any relevance to the Zambian situation’: Discuss.

G
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UNIVERSITY FIRST AND SECOND SEMESTER
EXAMINATIONS NOV/DEC 1997

GEO 112
INTRODUCTION TO HUMAN GEOGRAPHY II

(DISTANCE EDUCATION)

TIME ALLOWED: THREE HOURS
ANSWER: FOUR QUESTIONS. ALL QUESTIONS CARRY EQUAL MARKS
NOTE: Use of an approved atlas is allowed.

candidates are encouraged to use Maps and
Diagrams wherever appropriate

Q1. Show the relationship between the use of Natural Resources and
Culture and comment on how this relationship was manifested in
Africa during the pre-colonial period.

Q2. With the use of examples explain why it is important to study
land tenure in Africa; and suggest ways of reforming

traditional tenure.

Q3. Describe the Evolution of Industrial procedures in England in
the 18th century.

Q4. How can the diffusion of the Industrial Revolution be further
promoted in the developing countries of Africa?

Q5. ‘Rostow’s model of Economic Growth is still relevant to the
developing countries of Africa in the 1990s and beyond__
Discuss.

.

Q6. Outline the compornents of culture according to Julian Huxley’s

Model, with particular reference to the role of technaiogy in

human subhsi:sTence.

END OF EXAMINATION



IHE UNIVERSITY OF ZAMBIA

UNIVERSITY FIRST SHEMESTER EXAMINATIONS - MARCH 1998
GEO 211

THZ GEOGRAPHY OF AFRICA

TIME : THREE HOURS

ANSWER : ANY POUR QUESTIONS
THE USE OF AN APPROVED ATLAS IS ALIOWED

21, 'Racial and Iinguistic diversity in Africa can be a basis for
unity in diversity.' Discuss.

2, Outline and discuss the ecological benefits of Fforests and
woodlands on the African continent.

3« With the use of ekamples, suggest ways in which Africa's natural
resource potential can be s basis for sustainable development,

34e- Outline and explain the advantages of the tourist industry to the
economy of Kenya.

5. Show how socio-economic development in Ghana has had s regional
biase. Illustrate your answer with a sketch mnape.

16, Why are prospects for large scale industrislisastion in East Africe
bleak?

-—--——-———--—_-———-—-———--—-—--—-—-_--—-.-——-.-—-——-——-...---.--—--.-n-—u--—-a—--—--um----—.u-—-—-w—-.

END OF EXAMINATION..G00D LucK!!



UNIVERSITY OF ZAMBIA
UNIVERSITY FIRST SEMESTER EXAMINATIONS, MARCH 1998
DEPARTMENT OF GEOGRAPHY
GEO 271: QUANTITATIVE TECHNIQUES IN HUMAN GEOGRAPHY T
ME: THREE (3) HOURS |

STRUCTIONS: ANSWER ANY 4 QUESTIONS

. Write short explanatory notes on any 5 of the following:

(a) Participatory research

(b) OQuasi-experimental design

(c) Observation techniques of data cellection

(d) Scales of measurements

(e} Propertits of scientific research

(f) Scheduled structural interview

(g) Hypothesis formulation '

. Discuss the geographical sources of data. Illustrate your
answer using examples.

- Outline the main elements of probability and non-probability
sampling methods. State the advantages and disadvantages of
the two sampling methods.

- Imagine you are the Director of the Institute of Social and
Economic Research of the University of Zambia, and you have
been asked by the Zambian government to conduct research on
the ‘Impact of Structural Adjustment on the Household economy
in Lusaka Compounds’. Explain how you will go about writing
a bankable research proposal to be presented to the Zambian
government.

- During the last ten year period, the Department of National
Parks and Wildlife Service has been implementing the community
based - - natural resource programme of Administrative
Management Design for Game Management Area (ADMADE). Under
the ADMADE Programme proportions of funds generated from
various forms of wildlife utilization like safari hunting,
non-resident hunting, culling, cropping programmes and certain
tourism ventures are returned to the game nmanagement areas to
support local community Development Projects. It is assumed
that local people can support wildlife management programme if
they see benefits accruing to their communities. How would
you go about to design a questionnaire in order to ascertain
the attitude and perception of local communities towards
wildlife management and utilization in the game management
areas where the ADMADE programme has been operational in the.
last ten years? ’



Q6.

You have been hired as a consultant by an international donor
agency to c¢onduct an evaluation of a social-oriented
development programme/project in Zambia which the agency has
supported the last five years and is about to be closed down
in early December, 1998, Explain how you would go about
conducting an evaluation research of the development
programme/project bearing in mind that the "process" approach
was followed during the planning and implementation stages of
the development programme/project?



THE UNIVERSITY OF ZAMBIA
UNIVERSITY FIRST SEMESTER EXAMINATIONS ~ MARCH, 1998

GEO 381

ENVIRONMENT AND DEVELOPMENT i

TIME: THREE HOURS
ANSWER: QUESTION ONE AND ANY OTHER THREE

Qt.

a)

b)

c)

Qz.
Q3.

Q4.

QS.

Q8.

The Development Committee of the Luangwa District Council is considering a proposal
for a sugar plantation in the district that is likely to boost developmeni in the area. You
have been asked as an environmental consultant (o assess the viability and sustainability
of the proposed sugar piantation in order {o assist the councii make an informed decision
on the project.

Choose the most appropnate environmenta! pianning technigue and explain how you
would go about assessing whether or not the proposed project should be sanctioned.

List the likely sources of impacis that vou should consider and justify their significance,
What difficulties are you likely 1o face in carrying out this task?
‘The poor are both victims and agenis of environmental damages.” Discuss.

Explain the assartion that, 'Some of the environmenial problems that some countries face
are associated with either lack of economic development or rapid sconomic growth,’

Wirite short explanatory notes on any five of the following:

i Equity

ii) Baseline survey

i) El ning

iv) Ecological sustainability
v} Performance bonds

vi)  Agenda 21 and NEAP
vii) impact prediction
viil} Economic growth and economic develepment.

Subsidies can sither lead to environmental degradation or environmental protection.
Using examples explain how subsidies can lead {o

8) environmental degradation
b) eavironmental protection

Explain how aconomic instruments work in promoting anvironmental protection and
sustainable development. .

END OF EXAMINATION



Time:

UNIVERSITY OF ZAMBIA

Univarsity First semester Examinations - March 1998

GEO 451

Land Resources Survey

3 Hours

Answer any Four Duestions. All question carry equal marks. The
use of illustrations and approved atlas is allowed.

Write Short notes on all of the following
{a) The length of the drowing season

{b} The importance of mulii-disciplinary approanch in
land use planning.

{c} The matching process

{d} The basic concepts of the land capability code of
dambia

{e} SBignificance of land Tenure systems in rasource
evaluation

Land qualities and characteristics are attributes which
<an be used in assessing land suitability. Discuss these
two attributfes and give three examples for erach,

Which of the two attributes {(land qualities and land
characteristics) is recommended for assegging land
suitability for rainfed agriculture. Give the advantages
of the attribute selected and the disadvantages of the
attribute not salected.



Study the following pedon from Chelstone Scil Series
located at UNzZaA farm 20 km east of Lusaka

Soil Depth Bulk Density Water Content (%)
(cm) (g/cm)

(~0.33 bar) {-15 bar)
0-24 1.76 , i1.8 7.6
24-~38 1.86 12.3 2.4
38-66 1.82 15.9 11.2
66-~109 1.55 17.0 13.2
109~157 1.43 18.7 13.7
157-19% 1.47 17.0 12.8

(Source: P. Wooda {ed), 1985, Proceedings of the X7
International Forum on Soil Taxonomy and Agrotechnalagy
Transfer, Zamhia. July 15 - August 1, 1985, PP 454. MAWD.)

(a)

(b)

(c)

4(a)

{b)

(c)

5(a)

{(b)

(c)

6{a)

(b}

(c)

Assume the efficiency of utilisation ig 1.0 in alil
horizong. Calculate the Total Readily Availabie Moisture
(TRAM} for thig soll.

Write short notes on gach of the stages you used to
Calculate the TRaM,

Identify one usge for the exercise you have done above.
What is the importance of using Participatory methods of
Land Use Planning for Naturai Resources Management.

Explain the failures of gocial and technical approaches
to rural land use planning.

List in order, with short notes the stages used in
Participatary Village Land Use Mapping.

What is a Lang Utilization type (LUT)?

Explain the attributes of LuTs.

Give an axample of & LUT which combines livestock and g
perennial crop.

Explain the sequence of activities in the two stages of
8conomic evaluation of & land use.

Explain the situations where it g neceasary to carry-out
and not to carry out the two stages of economic analysis.

Give reagons why it is not advisable in rural land
evaluation to use economic evaluation as the only guide

LR - - v

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
UNIVERSITY FIRST SEMESTER EXAMINATIONS - MARCH 1998

GEQ 48] - ENVIRONMENT AND DEVELOPMENT 1I

NSTRUCTIONS: Answer Question 1 and three other questions. All questions carry
equal marks.
'TME. Three Hours.

. (&} Conservation often requires an analysis of the mortality patterns of the species
concerned. The table below contains survivorship data for elephants in Tsavo
National Park, Kenya. Compare and commeni on the mortality patterns of the
male and female elephants by drawing survivorship curves {both on one graph)
using the data in the table.

Survivorship Data for Tsavo Elephants between 1961 and 1967

Female Male
Age in years survivorship survivorship

() ) ()

0 -1 100C . 1060
-5 640 640
5-10 388 388
10- 15 344 344
15 - 20 304 304
20 - 25 273 273
25-30 247 252
30 - 35 218 175
35-40 192 118
40 - 45 168 ’ 82
45 - 50 144 51
50 - 55 90 5
55 -60 30 2

(Source: East African Wildlife Journal, 16(3). 159 - 164, November 1972}
(b) Explain the following in relation to elephant conservation in Zambia:
p £ P

1. CITES
it. ADMADE



2. Using a specific case study in Zambia, illustrate the conflict between environment
and development.

3. Wnite short explanatory accounts on ALL of the following;

a} Environmentally friendly pest and weed control.

b} Urban population growth versus the natural pattern of population growth.

¢) Human threats to forests and the conservation requirements of forests.

d) Eutrophication. ’

¢) How enriched carbon dioxide environments may alter biotic systems even in
the absence of climate change.

4. How would you restore aesthetic quality to an environment scarred by mining
induced dereliction?

5. Describe the various ways in which the Chitemene shifting cuitivation system can be
made sustainable.

6. Describe the main features of the tropical savannah biome, the threats posed to it by
man, and the conservation requirements of tropical savannahs.

£ND OF EXAMINATION
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UNIVERSITY FIRST SEMESTER FINAL EXAMINATIONS ~ MARCH 1998
GEO 911

Instructions: Time Allowed: THREE HOURS

Answer FOUR questions: Question 1 from Section ‘A7
and any other three from Section *B‘.

Question 1 accounts for 40 marks of this paper
while the rest carry 20 marks sach.

Use of any type of a desk calculator and a
University Atlas is allowed.

SECTION ‘a‘

Ql. Study data that are presented in Tables 1 and 2 and attempt
questions 1la - le.

(a) Calculate the ASFR for every cohort for both countries.

{b) Plot the results for the two countries by using the same
graph and the same scale(s).

(c} Interpret your graphs
(d) Calculate the GRRs for both countries.

(e) Compare and contrast thie results you got inm 4.



Q3.

Q4.

Q5.

Q6.

Q7.

SECTION i’

Developing countries are evperiencing ‘a revolution of rising
expectations’. Comment on this statement Keeping in view the
population and economic growth and development in the Third
World.

The Demcgraphic Transition Theory presents a generalisation of
the twentieth century Third Worid experience. Discuss.

Discuss the Population Policy of Zawbia while paying
particular attention to modern approaches to Family Planning.

"The micro economic roots of fertility decline involve changes
in the values and costs of children as well as costs of
avoiding them" (Herrick and Kindlerberger, 1983). Analyse
this statement in relation to any Zambia’s rural area of your
choice.

‘Migration and population transfer are twe important factors
in the economic development of a country.”’ Discuss this
statement giving specific examples from Africa.
Account for the significant mortality transition in both the
North and Scouth between 1850 and mig - 2oth century.

END QF EXAMINATION
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GEOQ 932
URBAN GEOGRAPHY
TIME: THREE HOURS
ANSWER: ANY FOUR QUESTIONS
NOTE: CANDIDATES SHOULD USE DIAGRAMS AND

EXAMPLES WHEREVER RELEVANT

1. Write short explanatory notes on all of the following
(a) The Keynesian theory of Urban Growth
(b) Cost and Revenue in Urban Land Use
(c) Ravensteins Laws of Migration
(d)  Alonso’s Bid Rent Curve
(¢)  Temporary Movements in the city

2 “Urban Planning is at best described as a form of state intervention in a
development process dominated by the private sector” [Adams, 1994, p2].
Discuss the statement in relation to planning in Zambia.

3. Discuss the relationship between developments in transport technology and urban
form and structure.

4 Answer Either
(a) Shanty compounds in Zambia are best viewed as “slums of hope’ rather
than as ‘slums of despair’. Critically evaluate this assertion.
OR
(b)  Explain why some governments have attempted to prevent the
concentration of population within large urban settlements.

5 Evaluate previous Zambian government efforts aimed at providing cheap and
affordable accommodation for the majority of the urban population and show how
these differ from the current Housing Policy of 1996.

6. Discuss Burgess’ ‘Concentric Zone Model” outlining its major criticisms and
modifications.

END OF EXAMINATION



TIME:

THE UNIVERSITY OF ZAMBIA
UNIVERSITY FIRST SEMESTER EXAMINATIONS - MARCH 1998
GED 951
CLIMATOLOGY

THREE HOURS

ANSWER: ARNY FOUR QUESTIONS

THE USE OF ELECTRONIC CALCULATCRS AND AN APPROVED ATLAS
IS ALLOWED.

Q1.

Q2.

Q4.

Q5.

Write short explanatory notes on all of the following:
a) Weasther assoclated with anticyclones

B) Urban heat islands

<) Lapse rates and their significance

d) Variables that determine the characteristics of air
nasses

e) Czone depletion

Explain why Global Warming is an important environmental
issues?

What is meant by the term ‘heat budget’? Briefly explain how
energy is transferred from areas of plenty to areas of
shortage.

"There is great uncertainty as to how far the climate may
change as a result of the greenhouse effect” (Gouldie & Viles
1697:95) Discuss the reasons for this uncertainly.

What factors determine the amount of isclation received at a
particular place on the earth‘s surface?

Examine the data given in the table below and then answer the
guestions that follow:



UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS - FEBRUARY, 199”8

GEO 955

GEOMORPHOLOGY

TIME: Three Hours

ANSWER: Question One and three others.

NOTE: All questions carry equal marks. [llustrations and examples

Ql.

Q2.

Q3l.

05.

Q6.

should be used wherever appropriate. Use of an atlas and
calculator is allowed.

Write short explanatory notes on FIVE of the following:

a) Geomorphological mapping
b)  Hysteresis

¢) Etchplanation

d)  Hydrothermal metamorphism
e) Laterization

f) Plate tectonics

g)  Climamorphogenetic regions

Discuss the different approaches used in the study of various
geomorphological phenomena.

Characterize the different types of dambos found in Zambia. What
potentials do they offer for human sustenance and how can the use of
these dambos be sustained?

State and explain the variations in dominant geomorphological
processes found in ropical and periglacial environments.

Evaluate the value of sediment and discharge monitoring in a small
tropical catchment.

Discuss the factors influencing the magnitudes of earthquake damage in
any part of the world.



UNIVERSITY OF ZAMBIA
Univergity Filrst sementer Ezaminaticonsg - March 1%%8
Geo 961
SBoils Geography
Time: 3 Hours

Answer any Four Questionsg. All guestion carry egual marks. The
uge of illustrations and approved atlas is allowad.

1. Write short notes on &ll of the following
(a) Hydration in rock weathering
(b} Criteria for ldentification of Cambic horizon
{¢} SBoil Moisture Control Bection
(@) Influence of climate on soil formation
{e)}] Relationship betwesn Aguic moisture regime and

reduction.

l. A zs01l profile has at the same time all the
characterigsticeg of & Vertiascl and the diagnostic featurss
af an Alfisocl.

(&) Define the necessary characteristics to classify a soil
ag a Vertisocl.

(b} Define the diagnostic horizonsg and other necessary
properties of an alfiscl.

{c) What iz the final classification of the soil? Jdustify
your choice. Give the corresponding nameis) according to
the FAO legend.

3(a) Ezplain the influence of Basalt parent material on soil
compogition in a tropical anvirzonment with more than
1000mz of annual rainfalil and ancther with 600mm of
annual rainfall.

(b) What are the distinguvishing faeatures of a spodic hovizon?

{c) Explaln the important processes of soil formation in the
genesis of a Spodic horizon. Make suny assumptions



4

(a)

{b)

{c)
land.

Si‘

(a)

(b}
()

6(a)

(b}

(e}

The Universal Soil Loss Equation (USLE) is used in
predicting soil erosion on rangelands and foragtland,

Dafine the factors of the UBLE including how they are
derived, their units and influence on soil erosion.

Discuss the factors of the USLE that cen be manipulated
to reduce soll erocsion.

Discuss one method of controlling erogion on sloping

During the soll survey procedures, & soil sunvey uses the
knowledge learnt in various filelds like Cartography,
Geomorphology, Climatology, Remole ssnsing, Biogeography,
and Pedology.

Explain the procedures of carrying out a soill survey ancl
the importance of the above mentioned fields during this
procedure.

What are the five types of solil surveys?

What are the limitations of soil maps and how do thay
come about? :

& relationship can be drawn between the type of clay
minerals that are developed and climate. Discuss this
relationship with refarence to Zambis.

The basic building blocks of clay are Silicon tetrahedral
and Aluminium octahedral. Ezplain how Silicon forms a
tatrahedral and Aluminium an octahedral shape.

Using any example explain how Cation Buchange Capacity
{CEC) develops on clays.

ERD OF EXAHINATION
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M 111

MATHEMATICS

DISTANCE EDUCATION

TIME ALLOWED: THREE (3) HOURS

INSTRUCTIONS: ANSWER ANY FIVE (5} QUESTIONS. CALCULATORS

ARE NOT ALLOWED. CANDIDATES ARE‘ASKEﬁMéO
PRINT THEIR COMPUTER NUMBERS AND THE
NUMBER OF THE QUESTIONS ANSWERED ON THE
ANSWER BOOK.

1.

a)

b)

c)

a)

- e - o e o i e )

Solve the following equation for integer values of X:

{x2 - 3x)}2 - 9{x2 -~ 3x) 10 = 0.

(i) Define a quadratic polynomial f(x) where x is

real.

(ii) The quadratic polynomial f(x) leaves a remainder
.. =6 on division by x +1, a remainder of -5 on
division by x + 2 andfﬁo\remainder on divisicn
by x + 3. Find f(x) and solve the equation
£(x) = 0.

Given that x and y are real, find the values of x

and vy which satisfy the equation

v {x + iy)2 = 1 + 71
1 -1

Define a set of rational numbers. Hence show that
0.41414141...... is a rational number.

i



.
N
00

b) Given that x * y = /X , where x and y are real.

Decide whether the operation * is:
(i) commutative

(ii) associative

c) Consider the function given by

‘ x2 - 36

fix) = P —— ifx =26

l x = 6

. 15 if x

(i} 1Is f(x) continous at x = 62

(ii) Sketch the graph of f{x).

6

d) Given that k is a real constant such that 0 < k < 1,

show that the roots of the equation
kx2 + 2x + (1 - k) = 0 ares

(i} always real

(ii) always negative

3. a) (i) Does the following mapping define a function

x —> %+ / x , xelR,

if not why?

{ii} Given that f: x ——> x2 for x eIR, draw the

graph of £ and state its range.

If the domain

is redefined as x € IRt, sketch the graph that

now represents f.



s
w
eo

b) Let f and g be functions defined on IR such that
f: x —>» 3 - X

g: %X —> 3x

-3 * **3

{i) Show that each of the functions is its own
inverse.

{ii) Find (g o f) (x) and verify that its inverse

is (f o g) ((x).

(iii) Show whether or not {f o g) (x) is even or
odd or neither.

c) {i) et B be any arbitrary non-empty set. Prove
that (B)€ = B.

(ii) Prove that if a and b are any real numbers
then

a2 + b2 2 2ab.

4. a) {i} Solve the equation

J3 - x) - J7rx) = 2

(ii} ¥ind the values of x real which satisfy the

following inequality:

x3 - 3x2 s 10x.

b) (i} Given that Cos2?x - Sin2x = 2, where

0° < x < 90°, find cos x and tan X.

cooohf



30
-3
a8

{ii) Express Cos x + Sin x in the form
r Cos {x - 0), where r is a positive reai.
Hence or otherwise; solve the equation
Cos x + Sin x = 1, giving all values of x

between 0° and 360° inclusive.

c) Prove the following identity:

Sin (6 + 15°) 4+ Sin (0 - 15°)

Cos {6 -~ 15°) + Cos {6 + 15°) = tan 6

5. a) Differentiate the following with respect to x:

(i) X(3x - 1)°

Jo——

{ii} Y{x2 + 4)
x + 1
b) {i}) If x2 - y2 = 1, provc that
yd 2
v dzy + / ‘qz o 1
dx2 K dx

\n

rd

{(ii) Find the limit as x ~—~——> 0 of

1 - Cos 2x
xz
c) {i) Write down the derivatives of Sin x and Cos x.

Hence find the derivates of Cot x and Cosec x.

. s 23
{(ii) Given that y = x e?¥,

Find

23

Y4



a)

b)

{i) Given that

Yy = Cosec 6 + Cotée, -
show that x + 1 = 2 sec 6 and
x
y+1 = 2 Cosec 8.
y

0
(%]
0o

X = s5ec O + tan 6 and

{ii) If x = 1
1

y= 1

1

t is variable, find the value of dy when t = 0.

Two functions are
f: x —>» 8in

g: x -—> Cos

(i} Sketch the

diagrams.

dx

defined on the domain 0 x = x by
X and

x.

graphs of £ and g on two different

(ii) Explain why one of these functions has an

inverse while the other does not.

{1iii} When the domain is restricted to 0< x < S,
calculate fwlg(lbw Yo

- R L Ty ——— -

= e ey e v e -

END OF EXAMINATION

e
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M111 EXAMINATION MARCH 1998

INSTRUCTIONS:

1. Write your computer number on all answer books you have used.

2. Answer any five (5) questions out of the 7 given questions.

3. Write the number of the questions you solved on your front sheet of the answer book in
the first column (of use for exammers)

4. Calculators are not allowed.

5. All working must be shown in your answers.

TIME ALLOWED: 3 HOURS

a) If the polynomial 4x® + kx* + px + 2 is d1v1s1ble by x2 + 1 , find the values of p -

~ and k
T 3 . . . 1+ \/E
b) Simplify (V3 -1)° and hence rationalise the denominator of (J—_—-—)-; and
o 3-1

express your answer in the form a + b*/j wherea, b € Q.

1
a) Given z=x -b'-; )

Do the following:
i) Find 2°

.. a1
i)  Express x¥ +—5 in terms of .
X

and rearrange to express it in terms.of z.,

Jiil)  Divide both sides of the equation 3x* — 4%’ — 14x* - 4x +3 =0 by xz'?
J iv)  Find the real roots of the equation 3x* — 4x 14x° - 4x+3=0.

L}

b) 7, Given the equation 2cos’@= 1 + sin6.
i) Determine the general solution of the equation.
it) Find all values of @between 0 and 2 which satisfy the equation.



b)

b)

2+3i

Given z = -
S5+i

i) Express the complex number z in the form a(1 + #), where a is a real
number.

ii)  Show that z* is imaginary.

Given the function y = x* —6x” +9x, find:

1) The range of values of x in which y increases.

ii) The range of values of x in which y decreases.

iii)  The points at which the graph of y cuts the x-axis.
iv) The y-intercept of the graph :

Sketch the graph on the separately distributed graph sheet.

Given f(x)=|x/'and g(x)=x?-2x+1

) Find (fog)(x) and (g f)(x)

il)  Redefine |x|* by removing the modulus.

ili)  Determine the range of real values of x for which

(fog)x)=(g-f)x):

Find the derivative of the following functions:

i) g(x) = 100 +1 !
i) f)=x2x*-3)
7t ¢

i) ="

THE END



TIME: * THREE (3) HOURS

IESIBQQIIQHS_‘. ANSWER ANY FIVE (5) QUESTIONS. CALCULATORS TABLES
' ARE NOT ALLOWED.

CANDIDATEb ARE ASKED TO PRINT THEIR COMPUTER
_ 3 . NUMBERS AND THE NUMBER OF QUESTIONS ANbWERED
i : | - ON THE ANSWER BOX

1. : (a) LetA-(2 5) B=[46)and (1, 3} be subsets of R, the set of reals. Find
4. An(BuC)

“(b) Giventhatp= . x3 + X =andq X3 -X"2 ﬁndp g% +2 in termns of x, giving
" your answer in its simplest form.

© I logx + Eog y =2, find xy. Hence solve the simultaneous equations.
_ logx+logy=2, x+y=25,

2. (@) Define a rational number. Hence show that 0.13 is a rational number.
(b) Find the real valuesof x and v wﬁen:
i . S A
®  TotTenc?
@ @riyr=itl

(c);' ‘The polynomial P(x} = x3 + ax + b has remainder 94 when divided by x - 1.
One factor of P(x} is x~3. Find 2 and b.



(a)  Find the set of values of x for which |x+1} <2|x—~1].

(b)  Given that f(x) = ;’2{‘—%— find

(i) the domain of £,
(il  the range of f,
(i) (fof)x),

(iv) 1)

(¢) ()  Show that the roots of the equation ax? +bx +a = 0 are reciprocals of
each other.

(i)  Factorize completely the polynomial P(x) =x*-2x2+1. Heace
- solve the equation P(x} = 0. . '

()  Show that at the points of intersection of the line y = mx +c and the curve
y=x2+x+4, the refation (c~4)+(m~1)x~x2=0 holds.

(b}  Given that ¢ =3 in part (a), find the values of m such that the line
- y=mx+cis tangent to the curve y =x2 +x+14.

(c) " Resolve the rational function ——2%— into partlal fractions.
X3-x24+x~1

(@)  Given f{x) =2x2+4x +5,

(i)  express f{x) in the form 2(x+A)’ +B,

(i) find the minimum value of f(x),

(ifi). show that f{x) is always positive

and , '
(iv)  sketch the graph of f(x).

(b)  When a certain car faciory produces n cars per day its profit P in millions of
kwacha is giver by ‘ :

P =5n2 - 100n.
How many cars per day must the factory produce
(i) to make a profit,

(i)  to make a profit of K220 million per day,
(iii)  to make the worst possible loss.



(a)

)

()

(@)

(b)

{c)

@) Find e* given that 2e* —2e™-3 =0.
(i)  Find the value of e™2+e702,

One root of the equation

6x2+7x+K=0
is 3.

(i) FindK.
()  With the value of K found in (i) above, find the other root.

@) Find the values of © between 0° and 360° for which
2sin’0+cosB=1. |
(ii)  Show that

1 1

=2 cscoL.
1-coso l4cosc

4
Find the term independent of x in the expansion of (x + -li) . Leave your

answer in factorial notation.

Write down the first four terms in the expansion of (1—x)°® . Hence find an
approximate value for 0.99)° .
In triangle ABC, AB=x, BC=x+1,and AC=x+2. Show that

x—-3
cosB = =
2X

END OF EXAMINATION
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INSTRUCTIONS : ATTEMPT ANY FIVE (5} QUESTIONS ONLY
TIME ALLOWED : THREE (3) HOURS

1. (a) Evaluate the limits

. 2x
() tim - S0F i) lim {1 +-5~}
xel 1 +cos2x X0 x

(b) Show that, at (asecé,btand), on the hyperbola

X" y-
—y =5 =1,
a b
the equation of the tangent lineis
bx —aysiné —abcos@ =0,

2, Discuss the graph of
4200+ -8x +8y =0,
stating the focus/foci and directrix/directrices. Hence, or otherwise sketch the
curve.

3. (a) Identify the conic
6
T 3-4cos8

and give its eccentricity and distance of the directrix from the origin. Hence
sketch the curve.

r""'._..._._

(b) (1) State (without proof) the theorem of the Mean.

(1) Given that
flxy=Jx~1, 1sx<3,
find the value/s x, such that 1 < x, < 3, as prescribed by the theorem of the

4. (a) Express the polynomial
P(x) =3-2x +8x° - x°
- in powers of (x - 2).
(b) Find the equation of the circle of curvature at the point (0,1), of the curve
v= 2x% +1.
. > gak
5. (a) State whether the geometric series Y~ 1—5—1— is convergent.
=} -

If the series is convergent find its sum.



(B If y =Incosx, prove that
d3v 7 d’zy dy

— Ao Ly s T
3

Hence, or otherwise, obtain the Maclaurin cxpansnon of vin powcrs of x up to

and including the term in x*. Usi; 1g x = 1— show that In2 ~ -~«( I+ ~-)

Evaluate
(3) j 2 inxdx

. dx
) [~
" 1+¢*
dx
%
1+sinx
(a) Given that v = sinh™! x, show that
SO
dx ‘fl +xs

Hence or otherwise find t sinh ™ Lx .
(b) Find the arca of the surface S obtained by revolving the arc given by
1
£={(x»)0sxg2,y= 5-%'3}

about the x- axis.

(a) Given that

[p=]cos" xdv, mner

c'»--"g.gi'.q

1
show that /, = Zw—j’,ﬁ s n2l
7

Hence or otherwise find 7, .

(b) Find the length of the circumference of the astroid,

. 3 x
X =acos’ 8, y=asin 8, 0<8< 5

e

END OF EXAM
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ME ALLOWED: THREE (3) HOURS

STRUCTIONS: ATTEMPT FIVE (5) QUESTIONS ONLY

a) Evaluate the limit

i) 1lim X + sin 2x
X330 X - sin 2x

cesX

ii) lim (tany
X ——> i
2

b) Find the value of x  as prescribed by Rolle's Théorem,
given that

f(x) = cosx, = < x < 31
2 2

Discuss the graph of
2xy - 6y - 4x + 11 = 0,

stating the feocus/foci and directrix/directrices.

a) Identify the conic

12 ’
b oy T e i
2 + sin @

and give its eccentricity and distance of the
directrixz from the origin. Hence sketch the
curve.

000.02/



5.

oo
N
o8

b) Show that at (a sec® , b tan6) on the hyperbola

x2 -y* =1,
a2 b2

the equation of the tangent is

bx - ay sin 6 - ab cos 6 =0

and the equation of the normal is

ax sin® + by - (a2 + b3) tane = 0.

a) Find the equation of the circle of curvature at
the point (0, 1), of the curve y = 2x2 + 1.

b) PFind the point of greatest curvature on the curve
y = 1ln x.

Bvaluate

a}) 2x - 1

X3 " ax +4 &

IES
f

c) sin & x d x.

a) Let Sn = a+ ar + ar2 + ... + arn—2 + arn-1

Prove that S, * a(@1-1r").
ln

Hence, or otherwise, evaluate 2 15(%)

-7



b)

a)

b}

.0
W
1]

If vy = 1n cos x, prove that

Hence or otherwise, obtain the Maclaurin expansion
of y in terms of x up to and including the term in

4
x -

Using x = & show that
4

ln 2 = gi 1+ n_f_
is6 96
EGiven that
In = | cos xdx,

prove that In = n-1 In=~2y n 2.

Hence or otherwise find 16"

Find the length of the circumference of the astroid,

x =acos? 6,y =a sin? ¢, 0 =0=3

TN

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA

UNIVERSITY EXAMINATIONS -- NOVEMBER 1997

M 212

MATHEMATICAL METHODS IV

DISTANCE EDUCATION

TIME ALLOWED: THREE (3) HOURS

INSTRUCTIONS: ATTEMPT FIVE (5) QUESTIONS ONLY.

a)

b)

c)

a)

b)

c)

Given that A = 28 + 35+ R and B =1 + 2§ - 6k,
find the projection of A onto B. '

Find the distance from the point D(2,1,7) to the
plane through the points a(3,-1,6), B(1,5,5) and
c(4 g"“6,4) .
Find the curvative for the curve

R = 6tf + 3/2t27 + 2e3k

at t =1,

For a gas formula (p + & (vb) = ct, where a, b,
v2 . '

c are constants, show that

9 = 2a(v-b} = {p + a/v3) v3
5% v3 {v ~b)

If z = f{x, y) and x = u + av, y = u - av, prove

that .
9z1\* - [2z)% = 1 [ 3z )[ez
\ox / 3y a u }J{ ov

Use the total differential to compute the volume
of a box with square base 800.5mm and height
999, 6mm.

00.092/



e
5]
o3

3. a) PFind dz/dt, in terms of t, given that

z = 1n(x? + y3); x = e~t, y = et.

b) If z = Xy , show fhat

x2 Rz + 2xy 33z +y2 32z =0
9 x? 9x 3y ay?

¢c) For the formula R=E/C,; find the maximum error and
the percentage error if C = 20 with a possible error
of 0.1 and E = 120 with a possible error of 0.05.

4. a) Solve the initial value problem

’

y + 2xy = 4x, Y(O). = 3

b) Prove that the differential equation
(3x2y2 + 2Xy4) dx + (2x3 + 4x2y3 + 1) dy = 0

is exact. Hence find its general solution.

c) The electric current in a certain circuit is given by

d3r + 4 41 + 25041 = 110,
dt? dt
I =0 and dI =0 when t =0, £find I in terms
dt

of t.

5. a) By making a substitution y = vx or otherwise, solve

the differential equation

(9% - v} dx + (x ~y) dy = 0

b) Solve the equation

dx?2 ’

¥



c)

a8
w
°

A weight attached to a spring moves up and down,
so that the equation of motion is

435 4 165 =0

atz2

Where s is the stretch of the spring at time t.

If s =2 and ds = 1, when t = 0, find s in terms of t.
dt

6. Solve the following differertial equations.

a)

b)

c)

b)

c)

0 e s - o cwe

2xydy = {x2 - y2) dx

dz

E;% -y = Cos 2x - 2 Sin 2x.

Find the coordinates of the point P in which the

line §m§_3 = X_i_é = Z ; 4 intersects the plane
4x + 5y + 6z = 87

Find a symmetric equation of the line orthogonal to

the vectors AB and CD and passes through the point

(2’ c'lg 1)' Where A(ly lp O)p B("z, 3' 1)' C(lp ""l,y 3)

and D{0, 0, 0).

If R= (t2 - 1) 1 + (£3 - 3t2) J + 5tk is the position

vector for a mcving particle, and t denotes time, find
where the particle is when the velocity vector is

parallel to the xz-plane.

e 3 e oz -n LT e en o=

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
DEFERRED/SUPPLEMENTARY EXAMINATION- FEB 1998
M212 MATHEMATICAL METHODS IV
DISTANCE EDUCATION

TME ALLOWED : THREE (3) HOURS
NSTRUCTIONS : ATTEMPT ANY FIVE (5) QUESTIONS ONLY sd

(a) Find p so that the vectors i +2j + 3k and 4i + 3j+ pk are perpendicular.
(b} Find the curvature for the curve

R=e'i+ 2 gae 'k
att=0.

(a) Find the symmetric equation of a line joming the points (1,2,3) and
(4.6,-9).

(b) Find the vector perpendicular to the plane which passes through the points
Pu(2.1,6), Py(5,-2,0) and P,(4,-5,-5).

(a) Prove that if 7 is any differentiable function, then = = f{x?‘ - y?'} is a
solution of the partial differential equation
oz oz

Py

X e g e 2
ar] Y e
Leg X

(b) Use the total differential to compute the volume of a box with square base
880.5mm and height 999.6mm.

(a) Find the total diffcrential of
I= 3.'3";" + .,X'?»_VE + R:}f},.
(b) Verify the Euler’s theorem for a homogeneous function

flo,yy=x" +2x7v-3x"y" x0T ~ 437,

{a) Find a simple differential equation satisfied bv a family of curves given by
¥ = kx -1
by climinating the constant, .

{b) Solve the differential cquations:
(i) (9x — pyde +(x~ )dy = 0. oY

(1) (6x ‘4 5}-’2 Yebv + 10xydy = O
(a) Solve the mitial value problem

y42xy =4x, w0y =3
{b) Find the general solution of the differential equation

V463" +93y = Bsinx + 6cos x.



7.

(a) Solve the equation

2 3+
Q2x - l)f;w;zi v 0,
C&a

dy

given that when x =0, y =2 and ~ =3

(b) Find the first four nonzero terms in the Maclaurin’s series for the solution of

(x+1)p'=3y.

END OF EXAM



UNIVERSITY OF ZAMBIA

UNIVERSITY FIRST SEMESTER FINAL
EXAMINATIONS - MARCH 1998

MATHEMATICS M221 - LINEAR ALGEBRA L

INSTRUCTIONS: Attempt ANY five (5) questions.

TIME ALLOWED: Three (3) hours.

What is meant by the following terms

(1) a matrix B is row equjvalent to a matrix 4A?

(2 marks)
(i) the row reduced echelon form of a matrix 4?

(2 marks)

1 0 -1 1

4 (a) Show that the matrix 0[ 01 -1 3] is row equivalent to the

0 3 0 5
1 0 -1 1
matrix 21 0 1'!_ (3 marks)
-11 0 2
(b) Reduce the matrix 4 to its row reduced form; where
2 4 6 18
A=14 5 6 24/ (5 marks)
31 -1 2

Hence, find the unique solution of the system

x+4y+6z =]8
dx + 5y +6z =24
3x+y -z =2 (3 marks)

of linear equations in unknowns x, y and z.



1. cont’d (c) For what value of k will the system

3x+4y =k
2x+v =58
x-3y =-]
be consistent? For that value of 4, find the complete solution.
(5 marks)
2. Define the following terms:
(1) An [nvertible matrix A4; (1 1/2 marks)
(1)  An orthogonal matrix B. (1 1/2 marks)
(a) (1) Show that if a square matrix A is invertible, then its inverse is
unique. (3 marks)
2 4 31
(1)  Forthematrix 4=|0 1 -1 B determine whether it is
35 7)

invertible or not. If it is invertible, calculate 4™, (5 marks)
(b) Show that if A is an orthogonal matirx, then det 4 =+/ (3 marks)

(c) Show that

(1) the 3 x 3 Vandermonde determinant is given by

1 1 1
x y z|=(y=-xlz-x)z-y) (3 marks)
xZ y2 zl
I+x y z {
(1) x l+y z |=l+x+y+z (3 marks)
x y l+z
3. Define the following terms:
() askew-symmetric matrix A; (2 marks)
(i)  equivalent matrices A and B. (2 marks)

(a) If4 and B are skew-symmetric nxn matrices, show that (4B)'=B4, so
that AB is symmetric if and only if 4 and B commute, where 4’ means

the transpose of the matirx 4.
(4 marks)



3..cont’d

(b)  Find invertible matrices P and Q such that PAQ is in normal form,
given that
2 -1 0 1
A=11 2 1 -l (7 marks)
2 9 4 -5 '
(c) If
I a a*/2
Al)=]0 1 a |,
0 0 1
show that A(a)A(f) = A(a+p). (4 marks)
4, Define a vector space over the field X. (3 marks)
(a) Let V be a vector space over the field K. Show that
(1) the zero element 0 & V is unique; (3 marks)
(1) if veV, then (-v) is unique. (3 marks)
(b) Let V'={(x.y):y=2x+ 1, xeR}. Thatis, ¥ is the set of points lying
onthe line y = 2x + /. Show that ¥ is ot a vector space over R.
(4 marks)
(©) Let ¥ be the set of all functions from a nonempty set X into a field
K. For any functions f g € ¥ and any scalar ke X, let f+g and kf be
functions in ¥ defined by
(F+&)(x) =f(x) + g(x) and (kP(x) = f{x), for every xeX.
Prove that V'is vector space over XK. (7 marks)
5. Briefly explain the meaning of each of the following:

(1) the set of vectors S = {w,, w,, ---, w,, } generates a subspace
WofV. (2 marks)

(i1) W is a subspace of a vector space ¥ (2 marks)

@) Let § = {w,, w,, ---, w; } be a finite subset of a vector space ¥
over XK.



) k
5. cont’d Let W= {Za,w,.:a, EK}.
i=]
Prove that W is a subspace of V. (4 marks)
() (1) Let W={(x,yz): x=at,y=bt z=ct; a b, c ¢ €R).
Verify that W is a subspace of R’. (4 marks)
(i) Let ¥=R’ Showthat W= {(a b, c) a0} isnota
subspace of V. (4 marks)
(c) Let W, W,and W; be subspaces of a vector space ¥ over K. Show
that W,~W, "W, is also a subspace of V. (4 marks)
6. Define the terms:
(1) a linegrly dependent subset of a vector space
Vover K, (2 marks)
(11) a K-linear combination of a subset S of a vector
space V. (2 marks)
(a) Let ¥ be a vector space over K. Prove that two vectors u,.veV are
linearly dependent if and only if one is a scalar multiple of the other.
(5 marks)
(b) Determine whether the vectors u, = (1, -3, 0), u;=(3.0 4) and
u3 =(11,-6, 12) are linearly dependent or not. If they are linearly
dependent, find the equation which relates them. (8 marks)
(c) Show that the vector ¥ = (-7, 7, 7) in R’ is a linear combination of
u;=(-1,2,4) and u, = (5, -3, I). (3 marks)
7. What is meant by the following terms:
- () a pasis of a vector space ¥ over K? (2 marks)
(i)  the dimension of a vector space ¥ over K? (2 marks)
(a) Find a basis for the set of vectors lying on the plane
W={xyz:2x-y+3z=0). (4 marks)
) Find a basis and the dimension of the solution space S of the following

homogeneous system:

x+2y-z =0
2x-y+3z=0. (4 marks)



7. cont’d

(c) If Wis asubspace of V,(R) whxch 1s gencrated by the set
{u, Us ta v} where o =700 =, 4, 3, 0),

=(2,-1,4,-7), andu, = (2, -5, -3, 6), determine an R-basis for ¥.

Extend the basis for W to a basis for V,(R) which includes this
R-basis for W. (8 marks)

END OF EXAMINATION.



UNIVERSITY OF ZAMBIA

UNIVERSITY FIRST SEMESTER FINAL
EXAMINATIONS - MARCH 1998

MATHEMATICS M221 - LINEAR ALGEBRA 1.

INSTRUCTIONS: Attempt ANY five (5) questions.

TIME ALLOWED: Three (3) hours.

What is meant by the following terms

(i) a matrix B is row eguivalent to a matrix 4? (2 marks)
(1) the row reduced echelon form of a matrix 4? (2 marks)
1 0 -1 1
(a) Show that the matrix 0 1 -1 3| isrow equivalent to the
0 3 0 5
I 0 -1 1)
matrix 1 0 1l (3 marks)
-11 0 2)
) Reduce the matrix 4 to its row reduced form; where
2 4 6 18
A=14 5 6 24| (5 marks)
31 -1 2
Hence, find the unique solution of the system
x+4y+6z =18
dx+3y+6z =24
x+y -z =2 (3 marks)

of linear equations in unknowns x, y and z.



1. cont’d (c) For what value of k will the system

Ixt+4y =k
2x+y =95
x-3y =-]
be consistent? For that value of &, find the complete solution.
(5 marks)
2. Define the following terms:
(1) An jnvertible matrix A4; (1 1/2 marks)
(1)  An orthogong! matrix B. (1 1/2 marks)
(a) M Show that if a square matrix A is invertible, then its inverse is
unique. (3 marks)
2 4 3]
(1) Forthematrix 4 =|0 1 -1|, determine whether it is
35 07)

invertible or not. If it is invertible, calculate 4™, (5 marks)
(b) Show that if A is an orthogaonal matirx, then det 4 =#/ (3 marks)
(c) Show that

(i) the 3 x 3 Vandermonde determinant is given by

1 1 1
x y zi=(y-x)z-x)z-y) (3 marks)
xZ y2 ZZ
I+x y z
(i1) x l+y z |=l+x+y+z (3 marks)
X y l+z
3. Define the following terms:
() askew-symmetric matrix A; (2 marks)
(1)  equivalent matrices A and B. (2 marks)

(a) If 4 and B are skew-symmetric nxn matrices, show that (4B)'=BA, so
that AB is symmetric if and only if 4 and B commute, where 4' means
the transpose of the matirx 4.
(4 marks)



3. cont’d

(b)  Find invertible matrices P and Q such that PAQ is in normal form,

given that
2 -1 0 1
A=|1 2 1 -1 (7 marks)
2 9 4 -5
(c) If
1 a a’/2
A)=1]0 1 a |,
0 0 1
show that A(@)A(f) = A(a+pf). (4 marks)
4, Define a vector space over the field K. (3 marks)

(a) Let ¥ be a vector space over the field K. Show that

(1) the zero element 0€ V is unique; (3 marks)
(i)  ifvel, then (-v) is unique. (3 marks)

(b) Let V'={(x y):y=2x+1 xeR}. Thatis, Vis the set of points lying
onthe line y = 2x + /. Show that ¥ is net a vector space over R.
(4 marks)

(c) Let ¥ be the set of all functions from a nonempty set Xinto a field

K. For any functions f, g € ¥ and any scalar ke X, let f+g and f be
functions in ¥ defined by

(+gx) = flx) + g(x) and (kf)(x) = kf{x), for every xeX.

Prove that V is vector space over K. (7 marks)

5. Briefly explain the meaning of each of the following:

) the set of vectors S = {w,, w,, ---, w,, } generates a subspace
WofV. (2 marks)

(i)  Wis a subspace of a vector space ¥V (2 marks)

@) Let S = {w,, w,, ---, w, } be a finite subset of a vector space ¥
over K.



k
5. cont’d Let W= {Zaiw,:a,. EK}.
in]

Prove that W is a subspace of V. (4 marks)

(b) (1) Let W={(x,y,2): x=at,y=bt, z=ct q b, c t eR}.
Verify that W is a subspace of R’. (4 marks)

(i) Let ¥=R’. Showthat W= {(a. b, ¢):a 20}, isnota
subspace of V. (4 marks)

(c) Let W, W,and W; be subspaces of a vector space V over K. Show

that W,~W, W is also a subspace of V. (4 marks)
6. Define the terms:
(1) a linearly dependent subset of a vector space
Vover K; (2 marks)
(11) a K-linear combingtion of a subset S of a vector
space V. (2 marks)

(a) Let ¥ be a vector space over K. Prove that two vectors uvevl are
linearly dependent if and only if one is a scalar multiple of the other.
(5 marks)

(b) Determine whether the vectors u, = (1, -3, 0), u,=¢(3,0 4) and
uy=(11,-6, 12) are linearly dependent or not. If they are linearly

dependent, find the equation which relates them. (8 marks)
(c) Show that the vector V' = (-7, 7, 7) in R’ is a linear combination of
up=(-1,2,4) andu, = (5, -3, 1). (3 marks)
7. What is meant by the following terms:
(i) a basis of a vector space ¥ over K? (2 marks)
(1) the dimension of a vector space ¥V over K? (2 marks)

(a) Find a basis for the set of vectors lying on the plane
W={(xyz2):2x-y+3z=0) (4 marks)

(b)  Find a basis and the dimension of the solution space S of the following
homogeneous system:

x+2y-z =0
2x-y+3z=0. (4 marks)



7. cont’d

(c)

If W is a subspace of ¥,(R) which is generated by the set
{u), uz uz, u,}, where u, =(1,-2,0, 3), u,=(0, 1, 3, 0),
Uy =<, =4, 4, -7), aud uy = (4, -3, -3, 6), determine an R-basis for i¥.

Extend the basis for W to a basis for ¥,(R) which includes this
R-basis for . (8 marks)

END OF EXAMINATION.
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CCOND YEAR MATHEMATICS

N
TV PHREL %) HOU RS
INSTRUCTTONS:  ANSWER ANY FiVio 53Ut BN TTons

i, Gober vand B be siubsets of Xoand let (DN — Y be a tunction. Prove that
ARy S A R

TSR e R):p A ~HH
1O ks

0o Pundan example for 2ach of the following functions:
PV 1S onto )‘"/

Y
) IS oRe-fo-ole %

) s one-to-nile and onto
“19) s newther ofie-to-one ner onto.
{10 marks;

2 fa) 0= Roprove that there exisis n = N such hst v < n
: i
(10 marks;
hibery and z be sirictly positive resl nnmbers. Prosve that
bihere exists o= Nsuch that 7 < av:
|
(i there exasts s N osuch that & < gy
10 murks
b . WA I Z'\—r‘nl; P 1 e 1. . .
car it tunsup == < b prove thal X, — as n — .
oo

(19 inarks)
1 ! o

’h)r,\l \n-—l"'_"‘+ .'*‘":'
! f:
Prove that i x,, emsrs and fies between 2 and 3.
‘?\——

i 10 marks)

4. arbet £ A — B be a function. Letine:
o Direct ipage of E = N der £
i Inverse anace of F oo B oander ¢
{8 marks)



(b)Let f:R — Rbe defined by flx)=x?+1, x& R, andletE={x:0<x<2}.
(i) Find the direct image of E under f and the inverse image of f(E) . '

(ii) Prove that f is not injective.
(12 marks)

(a) If (x,) converges to /, prove that every subsequence of (x,} converges to the same

linit /.
(10 marks)

3
(b) If (x,) converges to /, prove that ((—l)"xn }does not coverage.
(10 marks)

(a) Prove that a sequence of real numbers is convergent if and only if it is a Cauchy
sequence.

(12 marks)
{b)Prove that the sequence
Xn=1+ % +ieo ++
does not coverage. :
' (8 marks)

(2) Let (S,) be a sequence of real numbers. If lim sup S, = = = liminf S,, prove that
{S,) diverges to oo. ‘
(12 marks)

(b) If P is real and |x| <1, prove that nPx® — () as n — oo,
{8 marks)

END OF THE EXAMINATION



THE UNIVERSITY OF ZAMBIA
FIRST SEMESTER SESSIONAL EXAMINATION MARCH 1998

MZ241 - INTRODUCTION TO COMPUTER PROGRAMMING

TIME ALLOWED:  THRIELE (3, HOURS
INSTRUCTIONS: ANSWER ANY FiVE (5) QUESTIONS, INDICATING THL
ATTEMPTED QUESTIONS ON THE ANSWER BOOKLET.

QL. a {n What is a cenditional statement
(133 Name the fwo conditional statements in Pascal
b. What s a repetitive siatement used {or in Pascai”
C. What is the differcnce between the FOR.TG.DC statement and the
REPEATUUNTIH, and the WHILE. DO statemen:s
4. Wiite a complete Pascal program ihat aliows a user to enter a mark, out of 0.

-
P>

obtained by a student in an MZ41 assignment. The program should then

output the mark and an apprepricic message as iollows:

mork ohlained message (o prind
apove 8 - “Excellent’
-8 - “Very good’
36 - “Good’
24 - Fair’
below 2 - ‘Useless’

The program should also cajeulate and output the percentage {%) mark

obtained v the student

OeN
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a.

-

Make an appropriate declaration for station using a var ¢

The tollowing program se *gmeni is supposed 10 count the number of n

entered Detore a (s entered but contains a bug.

(1) What s the bug?
(ir; Classity the bug as either SYNIACHC or semantic.

{This sezment counts the num ber ot non-zero integers read!
readininumboer);

count;=count=-1:
while cmumber<>0 do
begin

countr=count -1
end:

When s an algonthm said o be efficien:”

criim of SN which i cC0 statemenis, akes

;

rat:on.

2CONAS 1) execw!

How long wil] it take if the number of statements s inereased o 3007

-onsider e following Pascal orogram.

program SumSeriesi input,output,;

varn. otal ..n[C”""Z

hegin

readin(ny:

Rt R R S B

writeln(* The otai is lotal4:
end.

nlegers

o

Justigy

How long will it take 1o exeoute when: (1 0=100 48 n=20 (i) n=100 if (akes

Vims (micro second) for n=57 Justity vour answer.

END OF EXAMINATION. GOOD LUCK.
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M261

1IME: THREE (3} HOURS

INSTRUCTIONS: ANSWER ANY FIVE (5) QUESTIONS ALL NECESSARY WORK

i

MUST BE SHOWN FOR FULL CREDIT.

CALCULATORS ARE ALLOWED. STATISTICAL TABLES WILL
BE PROVIDED.

The following scores represent the final examination grade for an elementary statistics
course: "

4762 61 60 3% 34 37
46 81 72 74 62 65 52
47 052 3% 25 42 400 70
61 62 %3 1% 26 59 49
53 52 88 91 51 52 24

(a) . Construct a stem and leaf plot,
{b) Construct a box-plot for the above scores. Are there uny outlying observations?

{c) Comment on the shape of the distribution from the stemn and leaf plot of
part {a). Does your conclusion agree with the box plot of part (b)? Explain.

(a)  Define the following terms:

(1) type I error.
(ny the power of a test,

(hy  The lifetime of a brand of flashlight batterv is normally distributed with a
meat of 30 howrs and a standard deviation of 5.6 hours. Let X be the lifetime
of a2 randomly selected flashlight battery of this brand. Determine

(i) PX > 203
(0 P15 <X <45)



{¢)

‘o

{a)

{b)

4. {a)

1)

{c}

yb o K
T 4o

Gniven two raiidom samples of size 1y = (0 and 1o = 10, from two indepclw
normal populations, with X) =35, %, =318y =172 and s = 1917

(1) Find a 90% confidence mterval for gy — 1t; ., assurning cqual varianees,
(i)  Are we justified ip assuming that 6] = -7
Test at the 0.1 level of significance. »
) . ;j 'E\ -
- . . :;;) - e
Pefine the following terms: \ D
(i) a random sample of size o

(i) a. parameter
{i1i}  a stafistic

A new rocket-Taunching systetn is being considered tor deployment of small
short-ranges launches. The existing system has p = 0.8 as the probability of a
successful lamch, A sample of 40 experimnental launches is made with the new
system and 34 are successful. Let p be the probability of a successful launch.

{1) construct a 95% counfidence mierval for p. A
(i) wounld yon conclude that the new system is better?

The probability that a panent recovers from « delicate operation is 0.67. Of the
next 200 patients having their operation, what is the probability that:

{1) exactly 140 survive?
(i) between 120 and 130 melusive survive?

(1) Define a type I error,
(i) State the Central Limit Theorem,

A random sample of size five is taken from a normad distribution with mean
200 and variance 80, find the probability that the sample mean

(i} is greater than 207.
(i) lies between 201 and 209,

The heights of a randoin sample of 30 college students showed a moam of
174, 5¢m and a standard deviation of 6 9cm.

{1y find 98% confidence interval for the mean heieht of all college siudents. _
{ii) how large should ouwr sample be if wo wish o be 98% confident that
our sample mean will be within 1.5¢m of true mean.



{a}

(b}

Suppose that 20 youtig ladies are chosen at random i order to estimate the meai:
weight it | of all such Jadies, The resulting data are shown below (weight in kgy

44 44 47 46 33
42 46 41 50 43
40 51 47 43 47
48 48 45 41 46

Assuming the weights of all voung ladies to be nonnally distributed, find a
95%% confidence terval for the popalation

{1} . mean
() variance

A expeviment was conducted to compare the yiek! of two varieties of tomaioes,
Aand B. Forty plants of each variefy were randomly selected and planted
within the same field, The yields recorded in kilograms of tomaioes produced
for each plant, possessed means of 105k per plant for variety A and 9.3kg per
plant for variety B, The variatices for samples A and B were 2.1 and 2.8,
respectively. Do the daty provide sufficient evidence to conclude that there

is a difference between the mean weights of tomatoes produced per plant

tor two varieties? Test using o = 0.03.

A study was conducted to determing whether the Uealtnent a psychiatric paiient

receives it determined by the patient's social stats. One hundred psychiatric
patients were randomly sarnpled from cach of four social classes and each was
classified accordmg 1o the tvpe of treatiens recetved. Determnine whether the
dafa given in the tabje sipport ihe theory that type of psychiatric treatment and
social Satus are dependent. Test at the o = . 10 level.

SOCIAL CLASS

Upper Upper Lower  TLower
e Middle  Middie
T HECE Middle
 Peychotherapy 78 53 31 17
TREATMENT
{ Organic 12 27 X 32
No Treatiwent | © 20 3 sy



Three sirams of rus were studied ander ovo epvivomnerdal conditions for their

performance m a maze test,  The ervor scores for 4% rates were recorded and analysed.

{a} For the above data. copy and compiete the following Analysis of variance table:

Source Sum of Diegrees of Mean {
sgnares freedom syure
Eoviromnent! 14876 i
Strain
Interaction 12353

Ervor 42163
Total 76457 ' 47

(b} Is there a difference in error scores for the different strains” Test using
o = (L0

{c) The grades of a class of 9 students on a midterm report (X} and on the final
exatnination {y) are as follows:

5177 S0 71 72 81 94 96 99 67
yl82 66 7% 34 47 §5 99 99 o8

{1} vatculate ¢

(i) Lstimate the Tear regression fne v = oo+ [ix

(i} Estinate the final examination grade of a studeni who received a grade of
RS om the midterin report,

| Sa=T07, Ly=658 L =575837 Ly’ = 51980, Lx

HNE OF EXAMINATION



UNIVERSITY OF ZAMBIA

UNIVERSITY FIRST SEMESTER FINAL
EXAMINATIONS - MARCH 1998

MATHEMATICS M325 - GROUP AND RING THEORY
INSTRUCTIONS: Attempt ANY three (3) questions from Section A and ANY two
(2) from Section B.
TIME ALLOWED: Three (3) hours.

SECTION A

Attempt ANY three (3) questions from this section.

1. Define the following terms
(1) the centre Z(G) of a group G; (2 marks)
(1) ap-group G. (2 marks)

(a) Let G be a group with Centre Z(G). Prove that Z(G) is a normal
abelian subgroup of G. (4 marks)

(b) If G is a non-abelian group with Centre Z(G), prove that G/Z(G) can
not be cyclic. (5 marks)
Hence or otherwise, prove that

(1) a p-group of order pz, p a prime, is necessarily abelian; (4 marks)
(i) the Symmetric group S;, of degree 3, has a trivial Centre.

(3 marks)
2. What is meant by the following:
(1) a gyclic group G? (2 marks)
(i) a homomorphism 6:G — H of a group G into a group H?
(2 marks)

(@ Let G be a group. Show that
(i) if G is cyclic, then G is abelian. (4 marks)
(i) if ' y!)? =x?y? forall x, y € G, then G is abelian. (3 marks)

(b) Show that if N is a normal subgroup of a group G, then the canonical
(or natural) map 8: G — G/N given by &g =gN, for ge G, isa
homomorphism. (4 marks)



2/cont....
(c) Prove that a homomorphism 6:G —» H is injective if and only if the

kernel of G is{e ). (5 marks)
3. What is meant by
(1) the centralizer of an element g in a group G? (2 marks)

(11) the conjugacy class of an element g of a group G? (2 marks)

(a) Show that the centralizer of an element g in a group G is a subroup of

G. (4 marks)
(b)  Write down the multiplication table of a group g of order 6 which is
given by
G=<xy. X = yz =e, yx =Xy >. (2 marks)

From the multiplication table of G, determine:

(1) the centralizer of each element g in G; (2 marks)
(ii) the centre Z(G) of G; (1 mark)
(ii1) the conjugacy classes of elements of G and write down the class equation;
(3 marks)
(iv) a subgroup H of order 3 in G; (1 mark)
(v) all the distinct cosets of H in G, where H is as in (iv); (2 marks)
(vi) whether H is normal or not. Justify your answer. (1 mark)
4, What is meant by the following terms
(1) a simple group G? (2 marks)
(ii) afactor group? (2 marks)
(a) Let H be a subgroup of index 2 in G. Prove that H is a normal
subgroup of G. (5 marks)
(b)  Prove that a factor group of a cyclic group is cyclic. (5 marks)

(c) Let Z, and Z, be the additive groups of integers modulo 4 and 6
respectively.  Let Z, + Z; be the group of ordered pairs (a,b), with
aeZ,beZ; LetH=<(0, 1) > be the cyclic subgroup of Z, + Z;
generated by the element (0,1).

(1) Write down all the elements of H. (2 marks)
(1)  Compute the elements of the factor group (Z, + Z,)/H and
determine the group Isomorphic to (Z, + Zy/H. (4 marks)



SECTION B

Attempt ANY two(2) questions from this section.

Define the terms
(1) an jdeal of aring R; (2 marks)
(1)  azero-division in aring R. (2 marks)
() Given that ¢is a ring homomorphism: R — S, show that

(b)

(1) Ker ¢is an ideal of R; : (4 marks)
(i)  R/ker ¢ =Im¢. (4 marks)
Verify that if n € Z, the ring of integers, then »nZ is an ideal of Z.

(3 marks).
If amap ¢.Z, —» Z/nZ is given by ¢(z) =z + nZ, show that ¢is an
isomorphism. (3 marks)

Find a condition on 7 in order that z + nZ is not a zero divisor in
Z/nZ. . (2 marks)

Define the terms:

(@)

(b

(i)  anintegral domain R; (2 marks)
(i)  aunigue factorization domain. (2 marks)
Show that if R is an integral domain, then every prime element is

irreducible. (4 marks)
When would every irreducible element in R be prime? Explain your
answer clearly. (2 marks)

Given an integral domain

Z[\-3] ={a+ bvJ-3:a beZ),
verify that the element 7+ J-3 s
(i) irreducible in Z/v-3]; (6 marks)
(ii)  notprimein Z/ J-3 /. (3 marks)

Hence, deduce that Z/ J-3 ] is not a unique factorization domain.
(1 mark)



What is meant by each of the followig terms:-

(2)

(b)

(1) an evaluation homomorphism as applied to polynomial rings?
(2 marks)
(i)  an external direct sum ofrings R;, Ry, -, R, (2 marks)
Let ¢,:Z —» Z/2Z (=Z, and
$Z > Z3Z (=Zy

be natural maps from Z to Z/2Z and Z/3Z, respectively, and define a
map 6.Z »Z,@ Z; by 6z) = (4)(2), $:2)).

(1) Verify that @ is a homomorphism from Z to the external direct

sum Z, PZ;. (5 marks)
(i)  Determine kerd. (3 marks)
Hence, deduce that Z;=Z, & Z;. (2 marks)

For each real number « € R, define

o Qfx] >R by ¢of(x) =f().

Determine
(1) ker ¢, (3 marks)
(11) Qfx]/ker ;. (3 marks)

END OF EXAMINATION.
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UNIVERSITY FIRST SEMESTER EXAMINATIONS - MARCH 1998

THREE (3) HOURS

NSTRUCTIONS:  ATTEMPT ANY FIVE (3) QUESTIONS

(a)

(b)

3 {3}

{b)

(a)

{b)

(a)

(b)
{a)

(b}

(a)

Foreach x € (0,1), show that there fs an open interval with centre x, which is
a subset of (0.1},

. B N R LY Show fhe fr"'} | Ry,
Let Ay =¢( ,2,«) amdforn>tlet Ag= opraraieion } Show that '\"” i i < l;:&:.\n.

LetI={0.11 be the closed unit nterval. Suppose that { is a continucus mapping
of I into 1. Prove that f{x) = ot at Jeast one x e L.

Show that the fanction f, defincd for x @ R by fix) = 1 ;‘ 7. is uniformly
CODTIIOLS on R,

{1) Define an open set inR.
ity Uefine an closed set in K.

Let A <R 1f A is both open and closed in R, show that either A =&
orA=2R

(i} Define a covering of a subset of R,
(i) Define a compact subset of K.

State and prove the Heine-Borel theorem.

Give the £~ & definition of 2 continuous function defined on a subset

of Rio R,

Let f be a function defined on its domain (N < K. Prove thai f is continuous
on its domain if and only if for any open set G in R there exists an open

set Gyin R such that G D) = H{G).

Define a step function with domain and range in X.



(b)

(a)

(b)

Let f be a continuous function whose domain is a closed interval in X with range
in R. Prove that f can be uniformly approximated on its dotnain by step
functions.

Let a function t be defined on a closed interval [a.b] in R to R. When

is f said to be of bounded variation?

Let f be of bounded variation on a closed interval [a,b] in R into R and

assurne that ¢ & (a,b). Prove that { is of bounded variation on [a, cland
on [ ¢,b] and find a relationship between the total variations of f on [a.b]

on[a,c]andon{c bl

END OF THE EXAMINATIONS



THREE (3) HOURS

INSTRUCTIONS:  ATTEMPT ANY THREE (3) QUESTIONS. ALL QUESTIONS

CARRY EQUAL MARKS. FULL CREDIT WILL ONLY BE GIVEN
IF ALL ESSENTIAL STEPS ARE SHOWN. : :

STATISTICAL TABLES WILL BE PROVIDED AND
CALCULATORS ARE ALLOWED.

(a)

(b)

Define the following terms:.

@) Moment generating function (mgf) of 2 random variable .
(i)  Jacobian of the transformation (x,y) > (z, u).

(iii)  Chi-square distribution,

Prove the following

(@  Ifxisasample mean of a random sample of size n from Ny, g3)

then x ~ N(u,

(i) IfX andY are jomt]y distributed continuous random variables with
density fy,(x,y) and # = X+ Y then

fuw)=] fx,y( w=y,y )dy-
(i)  If X is a random variable with the folicwing density

then

M () = forte (~%_. %).

11— xzz’



9

(c)

(a)

(b)

(c)

(a)

(b)

(i) Let X have an exponential density with mean A. Find the density of

Y=X5.
(i)  Let X and Y have a joint density given by
_3 »n U<x<2
Tty =glary), (<2<

Find the joint density of Z and W where Z=X+Y and w=2 .
Define the following terms:

{1) An estimator.
{(ii) Sufficient statistics.
(iii}  Consistent estimator.

Prove the following:

(1) The mean-squared error of an estimator is equal to the variance of the

estimator and its bias squared.
(H) IfX,,X,,....X, is a random sample from Bernoulli with pararneter
n
B=p(X =1), then § = T X; is sufficient statistics for (use definition of
i=l
sufficient statistics).

(i)  An estimator T for a parameter 6 is said to be asymptomally unbiased
if I};%E(T) =8 . LetX,,X,,....., X, be arandom sample from

uniform over the interval (0, 0); then Y = max(X,,...., Xy) is
asymptomatically unbiased for 8. .

Let X4,X5,...... X, be a random sample from normal distribution with mean zero
and variance G-.. '

(1) Find the sufficient statistics for g2.

(i)  Find the maximum likelihood estimator {MLE) for o°.
(iii)  Find the expectation of the MLE for 6+

(iv)  Find the Cramer-Rao lower bound for c-.

(v)  Show that the MLE for ¢? is UMVUE. .

Define the following terms:
(1) The power function of a test
(1)  The size of a test

(iii)  Most powerful test.

(1) = State the Neyman-Pearson Lemma,
(1) Prove the Neyman-Pearson L emma.



(©

{(a)

®)

(c)

(i) Consider o rundum sample of size n from a distribution with pdf

3

fu(x.6) = %»b

Derive the form of the critical region for a uniformly most powertul (ump
test of size & for testing Hy : =6, agamnst H; 1 9> 6, .

Let X be a discrete random variable whose density values under H, and
H, are given by the table below:

XJt 2 3 a4 5 6 7

f(xiH, J001 002 003 005 005 007 077

faH, JO.03 009 010 000 020018 0.30

List all the critical regions of size o =0.10. Find the critical region of siz
o = 0.10 with the largest power,

Let x, and x, denote 2 random sample of size 2 form a probability density functio
fx('x)=—-1—; l <X <oo,

Xa..
51 Find the joint density function of u and v where U=X,X, and V=X .

(i)  Find the marginal density fimction of U in (i) above,

Let X, X,.... %, be a random sample from Poisson,

(i) Find the most powerful test for testing

Hy: A=0.1 versus Hi:A=02at a=0.143, for n= 20.

(1)  Find the power of the test derived in (i) above.
143 )
Hint: Ifx;  P(2), then 2 x; P(ni).
o2

Let X1, X,........ X, be a random sample from

(5,0 =(B+3)1-x)". <yl

(i) What is the parameter space for 87

(iiy  Find the sufficient statistics for &

(it)  Find the MLE for 0.

(iv)  Find the Cramer-Rao lower bound for 6.

- 3 1 e et 1 e o e

END OF EXAMINATION
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Imﬂ

TiME: THREL (3 HOURS

STHON=, AL QFRESTIONS CARRY

ATTHMPT ANY T
FOUAL MARES

i. {a) State gt

(b Show that

{¢} Prove that if fz) 18 apalyie in 12, thep

-~
i
i

e’

letz=x+1y. By o fo b nadependen vanables. show Hiat

(e} tence show that i ¢ s fronn, then i terms of 7 aged

Laplace™s equalion becomes

essary and suificient conditions for aalyticity of & fanchion
Uifx, vy +iV{x.y) 10 some domam T

3. {aj {

e ne

{b)

19 10 azmism at ﬂia or1eIn



L
o

B,

{1}

Lk

Anote and fid s coresponding
mresponding analyviie function

Definee a conformal map. Hence show that e T 18 conforal,

3 = maps the bal-plane x> 0 omio the hall
plane v > 1and ?Z?téﬁ region v -1 onio the reofon g« 1 sketeh the regions.

Show that ¢

maps the poinis © -1 and 1 o the pnim‘i
non i the w-plane which is ihe tiage of
¢ three powds b the z-ple,

@i’ theorein for a simple re
?i’;;sn avalytic o a simply connected

Siale withosy DTex xf (31

doi, Hence prove that if
fomain D and also on its boupdary C
deh is a plece-wise smooth closed sunple cusve, then, assuming ihai
5’"’552}2 plmions w1,




show that i the complex plane
N FARE

Palzy )= e jMWWj;TdZ
a1 B jl;(z —~ )

where € is any sitple closed coutour abont the point ..

=
il

) ¢ w ) ) L
7. {a) Fvaluate ' _dw 2.3.4. ... where w =z is wmside the

Jo {V\»’ o Z}ﬂ :
simple closed curve (.

»

{h Bvaluate

, :‘:’ mz —dz. where C 15 the sgnare with corners a
e (2T {2+ 9)

2420 -2 420, -2 21 and 2 - 2.

L S——

(¢) State the mean value therorem and verify it by using 21 =3+ 2z and 20 = 0.

END OF EXAMINATION




THE UNIVERSITY OF ZAMB A
UNIVERSITY FIRST SEMESTER FINAL EXAMIN ATIONS - MARCH 1998
Md2i
TIME: THREE (3) HOURS
INSTRUCTIONS:  ATTEMPT FOUR (4 QUESTIONS }\‘

(2) QUESTIONS FROM SECTTC
QUESTION FROM SECTON B

E a“ef—:‘ Lkt Ipm

(ATTEMPT AT 1

1. Define each of i e following terms:

{1} solvable eroup ¢,

(i) analpotent group .
{a} (1} Giiven that a grop G contains 1 solv able normual subgroup N such that
G/N is solvable, show that G is a sobvable group, .
(i Given that 3 milpotent group G contains 3 normal subgroup N. prove that
, G/N 18 nilpoten.
by (n Show that the symmetyic group Sc of degree S is not solvable.
(i1}  Show that every finite p-—group is n Hpotent.

i

Let (3 be a permutation group acting on a set 3. What is meani by each of the follow ng:

P I

(1} the stabilizer G, of o = O i 3.
() G fausitive on (2.

{a) {0 oW that for each o e €2 the wdhmjﬁ Cals a suberoup of G.and that if
%: 318 & primitive fransitive 2roup on 2 then (G, is s'v';;;xiwni for each o
{i1} M for o, o & L and some ¥ e G Ihc Ci wimnn 2 = ) holds.

show that 3, e, = %G, XN Henee deds e that iF G s D::msmw HES

1

then all the stabilizer sibgroups Gy are (;u‘k-mmg;ﬂ;ff i (r.
& 34 St

by (1) Show that f (¢ is # primitive repular pennutation eroup of finite degree,
then it has prime pov
iy Let ’(*s‘ bc‘ an arbifrary mmm and fet () he; a et jor which for each
e L) and each < € (5. the olement o~ € & has property that the map
By - T §S 5 ;}r*mmzdzmr 82 Then show that ¢ is a
homomorphisn with kerme] = aREs

[EEXY:

S P?ii\'




Lad

Define each of the following ters

{1)
(i)

{a)

b}

a sylow p-subgroup of a group (.
the semi-direct product of two groups H and K.

(i} Let p' be the highest power of a prime p which divides the order of a
group G. Show that G has a subgroup of order p*.

(11} Prove that a semidirect product of two groups H and K is a dicect
product it and only if K is normal m G

(1} Let GG be a group of order p“k, where p 1 a prune and let H be its
subgroup of order py,. where (k. 1= 1. Then show that H contains
all the svlow p-subgroups of G.

(i)  Let G be a group of arder pg, where p and ¢ are primes and such that
p > q. and g does not divide p— 1. Then show that G is a divect product
of asyviow p-subgroup and a sylow g-subgroup.

What is the mieaning of each of the folowmg terms:

{1)
{11}

(2}

the direct product of groups Hy Hs... L H,

the proiective special Imear group PSL{m. k).

{1} Show that if (5 18 a group with nommnal subgroups
Hy, Hoooo Hy and such that the following conditions hold

G=HH.. .H
anud

HHEZ, 3 M f{, = ‘(3 ‘

then each element of G has a wgue expression of the form

g givr g, where g e Hy.
{13} et GLOn. g) denote the group of o m not-smgudar matrices over ihe
Craloss field GFig). where g =p™. Let & be a generator of

GE{g). Show that for each divisor t of g — 1, the set

Mty = (A e GL{m. g} det A= power of &'}

13 a pormal subgroup of GLG, g) of order e



Show that GL{ m g3 1s of order (¢™ = D{q™ =y (g™ ~ g™ ") and deduce the
order |SLim.q)} of ‘ﬁ fm. gk Hence coufinm that PSLing) s of order

(q” = 1)Mg™ —q)....4 o |
4 " ! where d = (m, g1}
dig— i}

{by (i show that if cach sylow subgroup of a finite group G is normal then G
is a direct product of its sylow subgroups.
(iiy  Compute the orders of the linear groups PSL(Z, 4) and PSL(Z. 5% Hence by
usiny the fact that the alternating group A« of degrees 5 s the only simple
group of arder 60 or otherwise, confirm that PS1.(2. 4} is isomorphic 1o

(ATTEMPT AT LEAST ONE (1) OUEST CTION)

5, Define each of the following terms:

{1) a completely reducible rhpwmmatui 1ot ag
(1) the group algebra K3 of G over the tield K.

{a) {1} Prove that over an alpebraically closed field K whose characterisiic
does not divide the order of a group G all matrix represeniations
of G are completely reducible.

(i} Show ihat there is a bijection betwesn the representation of a finiie group
(G and the repr hxm%’i ons of #ts group ateebra K.
(b} (i} show that the mapping T 1 G — GL2.C) of the group
¢ Y
o . g P TP, - 4 e ‘ Y i g
Gr=l Q7 = 1 > 1o GLIZ O) given by T{o) = | - {35 R
s

(i SEV'?«: that the symmetric group 5, degree 3 has exactly the
teducible characiers.

Show that the map X 1 Sy —» {1.-17 defined by
o TiHgisevenin s,
};{g} = ; I '3: £ 2
[ —1ifgisoddin S,

1= an redueible reproseniation of 5 of degree 1. Henge defermine the
character table of S,



Define each of the following terms:
{1} equivalent representations

(i} the character of a representation of a finite group .

{2} (1) State and prove Schur's lenvna,
{(i1) Prove that equivalent representations have the same character.

Let H be a nommal subgroup of G and T a ren resentation of G,
& i3

Show how a representation T of ¢ ray be hfted from T/, i

T i8 a representation of G with chagacter X, show that

K={ge Gix{gi=x(e)} is a yormal subgroup of (3 amd that

T is a representation of G/K.

{b) (1} Let V=as yix =y = . xy=yx > Then by assiening to x and y
it the numbers 1 and ~1 or otherwise. determine the character
table of V.

() letQe=<abla‘=ea’=b b lab=2a' > the quaternion eroup
of order 8. Then deterine the five cowjigacy classes of 5, Show
that N ={1,2"} is a normal subgroup of ), and determine
Qe/N, and confitm that Qu/N = V. where Vs the group i biil
Henice by using the character table in V or otherwisa, determine the
chiaracter table of Gy,

e



THE UNIVESITY OF ZAMBIA

UNIVERSITY FIRST SEMESTER EXAMINATIONS MARCH 1998

FOURTH YEAR MATHEMATICS
TIME: " THREE (3) HOURS

INSTRUCTIONS:  ANSWER ANY FIVE (5) QUESTIONS

1. (a) Defme partially ordered set and give two examiples of that.
: (5 marks)

{b) State Zorn's lenuna and indicate how it can be applied in a particular

stuation,
(5 marks)
{c) State and prove Minkowski's inequality for B 1<p<en,
{10 marks)
2. {a}  Letl” dencte the set of all bounded sequences of real numbers. Define
d(\ y ) = SUP {Xn = ¥nl.
1spsee
Prove that 1" is a metric space.
(10 marks)
(b} Prove that 1. the space of all bounded sequences, is not separable.
(10 marks)
3. (3)  Prove that C[a.b] is a complete metric space.
{12 marks)
(b} = Let {)& d jbe a complete metric space and let E be a closed subset
of X. Prove that {J\ E.d ?1» complete.
| {8 marks)
4, {a} Prove that the subset E of the metric space | }\. d )u, totally bounded if and

ouly #f for every £ > 0, E contains a finite xubxer - which is €-dense in E.
{10 marks)



{b)

L

(a)

{b)

6. {(a)

(b)

(b)

If the subset E of the meiric space | ;‘ ‘( d}is totally bounded, prove that
t is bounded.
(10 marks)
. ' > \\ » v o -
Prove that the metric Space {Z& d { s compact if and only if every sequence of
points in X hag a subsequence ¢ onvergmg to a point n X .
(12 marks)
o N
Let E be a subset of a metric space : }x d ! It {b d )15 compact. then prove
that E is a closed subse tof { X.d }
| (8 marks)
Let E be a bounded and close dsetin R. Prove that e CVery open covering of

E has a finite .mb—a,owrn%.
(10 marks)

Prove that 2 compact metric space is separable.
(10 marks)

Let ( X, d; }anu{ Y.ds }be Ietric spaces. Let £:X — Y bea continons

\ﬁmatnm I X is compact then prove that t{x} is alse compact,

(10 marks)

Letf:X —>Y hea wniformly continnous Rmction, Let{x,) bea Canchy
sequence i X. Prove that f (xn}} isalso a Cauchy sequence in Y.
(10 marks)

END OF ILX KV}NA H()N
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I {a) Give 2 advaniages and 2 disadvantages of nopparametric procedures.
(b)  What measnrement scale is used in e § sliowing:

{1} telephone arsa code

{ii) postal zip cosdes

(it Your student identification number

(1vi  Ina cerfain sporting event a trophy s awarded so the tean tha
accumuiales the most points. A e receives 3.5 or | pomt each
tine a mermber of that ream finishes first. seco ud ar turd. respectively
@ competition. { What measursment scate is used in awarding poms’)

(e} The 'fidal volume' of udults suifering froan disease of the arteries was recorded,
some of the adults were suffering Grom high blood pressure while others were
Dot

Lise a Mann-Whimev
without high blood
guantile i 1R0)

test to assess whethor the vidal volume s lower in patiems
sure than for those with high blood pressure. (The (.95

The data recovded are as follows:

Without HRP With H

632 556 SUHY S 76 S85 4931 34K
2260 811 440 347 S3I0 TRG Sew S
(05 RGO 4581 a7z THE 210 T
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(B Six married wornen were selected at racdom from anong the married
Woment iz a ladies civie chib and the manher of childres belobgmig to
each was recordod, These numbers were o201 2% 4

Ciraph the empirical distribution function,

Al experiment was eondicted Aty particubar shop concerning the arrival of
customers. The times betweer SHECCBSIVE arrivals aver g two tour period one

MOMIg were recorded

The duta are given below i mites

LR 2 108 o2 f4 6.2
6.1 2 13 K2 AN

fevel whether intor-arrival times are exponentially
A The 095 guantile s 8347,

vas desermined from salivy speciiens

.78
0.65

S significance Jovo) vhether ihe populating upper

{i} A random san
1 advert

45 cotnpared withy i

ol ten companies fuve d thedr iate of change
1 !

speies 0 and e e of change i <ales, V. tor fast

v

C PV year

v
i
O e
5
e
Pt
LI o

CHIATS coefliciens of rank correlalion between

8 there auy refationship herween the vk of change in advertising

i

o,
ras o
ol
e

it of rank correlation?

qunbies for spesrman's o A ~06304 and

OO Ypearinan’s coelli




4. Fous different methods of prow mz..z com were randomly assigned to a larse munber of
difterent plots of tand and the yield per acre was compiited for each plot.

Method
i 2 3 4
s 91 101 7%
O (3 100 82
94 Xt 31 81
NG 83 w3 77
KRG x4 G 79
06 83 95 %1
91 88 94 HE
92 91 %}
O 25

24

Determnine whether there is a difference i yields as a result of the method used, using

(a} The Median test
(b} Tt:e Rmv kal-Wallis fest,

5. {2} Letdxiy;ni=1.2. - B be @ bivariate randor sample of size 0. Show that
if all pairs are dxswmdm the value of Kendall's tau is —1 .

{b} The following are the scores on a certain test given to 13 pairs of nonidentical
{emale twins

i 2 3 4 A O / B g
Kin 277 169 157 139108 212 s
Yii 256 IR 1T 144 146 o7 47

{1} Calculate Kendall's Tau.

{11} Use Kendall's test statistic to test the hypothesis of independence against
the altermarive of postive de peridence ot the 5% sionificance fevel,
{The 0,95 qua_;mic i 26,

}’\EHAE FA’U\H\“H‘ IN



THE UNIVERSITY OF ZAMBIA

UNIVERSITY FIRST SEMESTER FINAL EXAMINATIONS - MARCH 1908

TIME:

MATHEMATICS

THREE (3) HOURS

INSTRUCTIONS:  ANSWER ANY FIVE 5) QUESTIONS,

i, {a}j

{b)

EA (a)

MATHEMATICAL TABLES AND CALCULATORS ARE ALLOWED.

!

A positive mteper 2 s selected with piz = n) = f=

%} =2

If 2 tukes the value ni. @ coin with probability e ™ of heads is tossed once.
Fimd the probability that the resulting 1oss is a head.

Suppose that the continuous random variable x has pdf

fix)= %e‘* R T

{1} Obtamn the moment generating function of x.
{fiy  Using the moment generating function found in (1), find E(x) and
Var{x).

Let « be a random variable with pdf and cdf.

fAssume that X} =0, x ¢ (a.b)].

Let Y be the random variable defined by Y =F(x) . Prove that Y is uniformly
distributed over [0, 11.

An electropic system has three components ) C >, snd Oy which function
wndependently of each other. Let Ryt i =1, 2.3-be'the reliability of the system
at fime t.

‘‘‘‘‘

(1) Praw the structare of this system showing the artangement of the
three components.

(i) Find the reliability of the syston.

(i) Assue that the componenss have exponential lifetime distributions
with failare rates A== 0.03. K, = 0.01, &; = 0.04, and that ihe systei
has tarled. Compute the probability that component C- is the cause
of the system Lathire.



{by Consider the following system:

{

) j

i

j

. g |

— 1 [ o

H i

| ’ |

i i

! ‘
|

; 2 !

| ]

) Determine the minimal paths and mikial cuts for tis system,

{11} Write down two expressions {one ant-based and one path-hased) for
the structure funciion of this Sy Stes,

3

(i) By
S

multiplying out the two SXPRCESIGNS 1 {11) above. verify that they are
valent.

tvi Suppuse that cach of the four cotponents has a failure T given by an
exponential distribution with pararueters A A Ay and Ay

§ Cbtain an expression for R}, the reliability of the systern.

it Uibtain an expression for the pdt of T, the time to failuce of the
sysien.

Y Find the mean tite o fifare of the SYSEe,

& Fmd L Rt Explain YOUr answdr i words,

(a) Random variables x and ¥ are satd o be orthagonal if only if
Eixy] = 0.

i
mepsr”

Hxand v we orthogonal determine the conditions tnder which they
are uncorrelated.

{11} Hx and y are wncorrelated | deternine the conditions under which
they are orthogonal,



by Consider i repetitions of an experirent and let x be the mumber of fines some
evenl, say A, occurs, Let p(A)=p and assunie that this number s cobstant for all
repetitions.
Define the auxillary random variables as follows:
Y =1 if the event A occis on the tth repetition.
= (} elsewhers,
Hx=Y;+Y+...Y,. show that B{x) = np.
{c) Let f(x) = hox® fe ™ w0

Find the F(x) and E(x*}

Hence show that

IR T T S S B 31
Siari v ool - ST eyt T o Yo
Var(x) = | = QE{,E &) If gl

{a} Lot X be arandom variable with faute B{x) = 1.
Prove the Markov imequality given by

A

Plx 2t} € gt i 0,

i

{b) {4 State the relationship between the woment generating function and the
Laplace transform.

.5 which the characteristic function has over the
funciion,

(it} State two advants
momen! generating

(i} Let x be a continuons random variable whose Laplace transfortn s

giver by

Lafs) = s

{a+sibaad
ind the pdf of .

{¢) Prove that # I s the characteristic inction of e bounded distribution function
Fooand Fla bl = Blbi--Fla) then

for all points a. b (o< by at whieh s confinmons, by addibon b
f

is Lebesgue integrable on {—-,~} then the function



(a)

{b)

s
[
R

(b)

Fx) = ;1 j e B vdy
a4

’\-.i

£

15 a density for ¥,
Befine the following:

(1} the Laplace transform of the continuous random variable x
{1 the churacteristic function of Cthe continuons random var mb!c 1

Let X, i=1.2 be inde pondent exponentially distributed randon variahles
with pcu,unﬂwg\ Ao Assuming that by # 4 2. find the Laplace wansform
Lopds) where T =xy 4+ %0 Henee find the }mﬁmm!n} density function of T,

What 13 the name of this function?

Let X be normally Jdistributed w ith paramneters poand o7 such that

|
| - -
g* LA
A
{i} Derive the characteristic fimction of x
R Ustig the characteristic fimetion found in {1} above, confirm that

E{x) =y and find B(x )

Lete be an experiment and Jet A be an event associled with . Cogsider
i independent repetitions of £ et n, he the nurnbher of tues A ocours among

the 1 vepetitions and et o= Assuine plA) = - p o be the same for alf

repetitions,

Prove ihat for every positive mumber £, we have

p[ } ”\ """" E‘xf - ?

A production process is operated v stch antier thai there ix a probubility p
that cach itews s defective. and P wmknown, A random sarmple of o items is

to be selected o estimate P The estimator 1o be uied iy =y, where

. g
PEBTRTH

Ot the T e i

}v;‘ ::j’

Vafthe Bith flem s defective



(¢)

(2}

-,

{b}

and Y =X, +X,+. . +X,.
How large should n be so that the probability be at least 0.93 that the error.

P-pl. notexceed 0.017

letT, !ih. tune o h:iurc be a continuons randomn variable with probability
dasarﬂmtmu funciion §

Prove that 11 Fioy=0, where Fis the cumulative distribuiion of T, then

winids

fit)y = z{t)e gt
where z is the failure rate.

Define the following:

{1) A sequence {x,}, 021 isa martigals,
{ii} Asequence {x, b u ol isa subartingale,

LetY L Y2, be independent random variables with mean zero, Let
Xlr: =z 'k b Ho=Y . ¥, 0 n=1.2 .

Prove that (X, B, ! is a martingale.

bet 1, B! be a submartineale and ket £, ev. L be random variables defined by

j Pafix, oxgde Ay

( iy oxre A

3
where the A are arbitrary sets in )09

Set Yy =x,

LR PR T

,,,,, - PREY ‘s . -
YYo= +80(X0 =X ). + SINT S SRS

Prove that {Y .0, isas ubtartingale.

[ UHF ﬁ\"\i‘*'ﬂ,.?




UNIVERSITY OF ZAMBIA

UNIVERSITY SECOND SEMESTER FINAL
EXAMINATIONS - AUGUST/SEPTEMBER 1998.

MATHEMATICS M492 - SYSTEMS ANALYSIS AND DESIGN

INSTRUCTIONS: Answer ANY Five(5) Questions.

TIME ALLOWED: Three(3) Hours.

1. a) HIPO Charts are developed basically to aid the technical aspects of computer
Systems Design. List down the three main types of diagrams found in HIPO
Charts.

b) List down two main disadvantages of HIPO Charts over other techniques in
Systems Design.

c) Suppose that, as a Systems Analyst, you have been asked by the Head of
Department, Mathematics and Statistics, to design a system that would be
providing student information. The system should be able to:

i) create a permanent Student-File from Data fields entered,

i1) load the Student-File,

i)  create a temporary Updated-Student-File from the loaded Student-File
(Additions, Deletions, Changes),

iv)  create a permanent Backup-Student-File from the loaded Student-File,
and

v) inquire into the loaded Student-File and display student records.

Design an Overview Diagram for the system described above.

2. a) What do you understand by the term ORDINARY FLOWCHART as applied
to Systems Design and Analysis?

b) List down four main disadvantages of Ordinary Flowcharts over other
types of Flowcharts in Systems Design and Analysis.

c) The Manager of MDM Commercial Bank Ltd wants to introduce a cash-point
withdrawing system which would be operating as follows:



2(c)\cont..

} a)
b)
c)

4 a)
b)
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Firstly, the system should asks for the customer’s card. If he enters an invalid
card, it should be rejected, otherwise the system should ask for his PIN
(Personal Identification Number). If he enters an incorrect PIN, the system
should give him another chance to enter his PIN. If he enters an incorrect PIN
four times, the system should ‘swallow’ the card. If the customer entered the
correct PIN, the system should ask for the amount. If he enters an amount
which is beyond his balance, the system should give him another chance to
enter the amount. If he enters too much an amount three times, the system
should swallow his card. If he entered an amount within his balance, he
should get his card, and then his cash.

Suppose that the Manager has hired you, as a Systems Analyst, to design and
implement the system described above. Draw a clearly labelled Ordinary
Flowchart for the system.

Decision Tables and Decision Trees are two of the techniques used in
describing process specifications and structured decisions. List down two
factors that would let you choose a Decision Tree rather than a Decision Table.

Suppose that the following procedure describes how the four possible
comments are decided for the examination results of students doing M942:

If a student gets at least 50% in the final exam and if he gets at least 40% in
the continuous assessment, which includes a Project, then he has a clear pass,
else he has an arrear. But if a student gets below 50% in the final exam and if
he gets at least 40% in the continuous assessment, then he goes on part-time,
else he is excluded from UNZA.

If a student doesn’t do the M942 Project, then he is excluded from UNZA.
Prepare a Decision Table for the procedure described above.

Prepare a Decision Tree for the procedure described in (b) above.

Nassi-Shneiderman(N-S) Charts and Warnier-Orr(W-0) Diagrams are
two of the techniques used in Systems Design and Development.
Which of the two techniques is better? Give two reasons.

The following is the Newton-Raphson Algorithm for finding a solution
to f(x) = 0 given an initial approximation P,



4(b)\cont..

5. a)
b)
c)

Define the following terms as applied to Data, Databases and Database

Page 3 - M942 -

INPUT  Initial Approximation Po Tolerance TOL,
Maximum Number of Approximations N.
OUTPUT Approximate Solution P or Message of Failure.
STEP1 Seti=1.
STEP2 Whilei <N DO steps 3-6.
STEP3  set P =Po - f(Po)/f’(Po )
STEP4 If|P- Po|< TOL Then
OUTPUT(P).
STOP.
STEPS seti=i+1.
STEP 6 setPo=P
STEP 7 OUTPUT Message of Failure.
STOP.

Draw an N-S Chart for the above algorithm.

Draw a W-O Diagram for the Newton-Raphson procedure described in

(b) above.

Management Systems,

List down the three main types of Relationships, giving two examples

1) Entity (i1) Primary Key (iii) Relationship

(diagrams) in each case.

Consider a STUDENT-COURSE Relationship with the attributes as
shown below:

i)
ii)

iii)

STUDENT {Compno, Sname, DOB, Address}
COURSE {Coursecode, Coursename, Dept}
ATTENDS {Compno, Coursecode, Mark}

State the Entries/Entity in each of the above three Relations.

Identity the Primary Key in each of the above three Relations.

Draw an Entity-Relationship Diagram for the
STUDENT-COURSE Relationship.
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a) Hierarchical, Network and Relational Data Models are the three main types of
logically Structured Databases. Which of the three types is most widely used
in Database design? Give two reasons.

b) The user view below is an example of a Hierarchical Data Structure showing
some student grades:

LECTURER

MDM M942

STUDENT

Musonda M.

‘—‘_—)f Banda J.
GomaR.

Q> w

DR. B.N. MUNYATI

L—-—-——)[ Kamanga E. C

MR. W. SINKALA

———-gl Musonda M. B

Draw a Network Data Structure for the above user view.

) Draw a Relational Data Structure for the user view given in (b) above.

END OF EXAMINATION.



THE UNIVERSITY OF ZAMBIA

UNIVERSITY FIRST SEMESTER EXAMINATIONS - MARCH 1998

M9i1

MATHEMATICAL METHODS

THREE (3) HOURS

INSTRUCTIONS: ATTEMPT ANY FIVE (5) QUESTIONS

1.. (a)
{b)

2. {a)
- (b)

3. (a}
{b)

4, (a)
(b)

Find the directional derivative of 2x + 3y” — yz* at the point (2.1, Slalong a
line whose directionai ratios are [ 1,1, 2].

18 decreasing or increasing in this direction,

A tank is in the form of a eylinder with plane ends. Using Lagrange multipliers.
show that the volume is maximum for a given surface area when the height is
equal to the drameter of the plane ends.

Examine the function x° +3x" +2y" +27 —y’2  for maximum and minimwn
valoes.

Find the point(s) on the curve of intersection of x? +2 =4 and x — y =8 that is
(are} furthest from the origin.

A

.f!_A_ i \\' Y. - N ) - e RS
Prove that curl] 77 3¢ K | = nr“2F — (n + 2"k where 7 is the position vector.
t\. ’J

Show in general that the surfaces 3x° + 4y + 827 -36and x7 +2y" ~ 42" — 6
intersect at right angles.

Let z = —==2em vepresent a surface. Obtain
\ x < + y;

{1) the parametric representation of the surface.
() the nomnal vector {o the surface at any poim,
(i) the Canesian equation of tangent plane,

{iv)  equation of the normal line.

Letx=u’+vi+w’' y=u+v+w and z=ww.
Show that [a. v, w) = (i~ viiv—-w}u—w).



Lh

(b)

{c)

(a)

ib)

For the space carve x = ¢'siit, y = e'cont, 2 =¢', obtain the following at the

point t=1{: i
(1) the umit tangent vector T.
{ii} the princiral normal vector boand ewrviatire K.

(i1i)  the binormal vector B,

Find ihe length of the space curve above from t =0 o 2.

. / 3 v »‘(‘, i - 4 b
Evalnate L [ X4+ y* )’ds where ¢ is the path y = X from ( [.—~1 }to
\ ' .

7 N

|22 l.
7

Show that the third degrer;-‘- Taylor polynomial of cos [ X+ 2y }
(x+2y)° -

21

at the poml ( (} 0)1@ 1~

7=x" +y Whem O::.zs’; 1,
find the total swrface area of S.

END OF THE EXAMINATION



THE UNIVERSITY OF ZAMBIA

AERICAL ANALYSIS I

JIME: THREE (2 HOURS

ATTEMPT ANY

i {a} Write an ;zigwriih;n fo find a solution to 1X) =0 given the continnons fimetion

Pou the miterval { . b7 where f(a) and f{b)have opposite signs,

{b} se the alporithin in pm a} to find an approximation to x —sinx -1 = 0, 1o
W lihm 107, Find 2 bound for the nimaber of iter ations needed to achieve this
HOCIPACY.

2. The following data has heen exper mentally collected:-
X 4.2 .4 46 .8 1.0
g 9798652 09177710 0.8080348 0.6386093  0.3843735
{a} Approximate {25} using the Newton forward divided-difference Formula,
{b} Use methods of ervor 6h~1 o approximate 170,23, 401 Mand 40 6},
3 {a) Derive the Newton-Raphson formuda,
b} Use the Newtor-Raphson method to approximate. to within 104, the value
of X that produces the point on the graph of v = x- that is closest ta (1.0).
4. {a} Civen the function { at the following vidues
X I.¥ 20 3.2 24 16
i) 312014 4.42369 6.04241 K.O3014 10.46675

. Jh ~ ,
approxguate Jf ftx3dx using SHNpson's nile

i

b} The arclength of the graph of a fimction ¢ onf b7 is given by the mtegral



(@

- ()

()

(a)
()

(@)

®

L=["(1+[g(x)]})3dx. Compute the arclength of the graph of
& .
g(x)=tanxon [0, -g-] using the trapezoidal rule over 5 intervals.

Given that f{0.25) = f{0.75) =0, find o« if the composite trapezoidal
rule with n = 2 gives the value 2 for ['fx)dx and gives the value 1.75 with n=4.
2 h

Determine the values of n and h required to approximate [Fsinxdx
0
with an absolute error less that 2 X 10~5 using the composite Simpson rule.

Lef P3(x) be the interpolating polynomial for the data (0.0), (0.5,y), (1,3)
and (2,2). Find y if the coefficient of x* in P3(x) is 6.

Derive the Richardson extrapolation formula.

Appiy the Richardson extrapolation process to determine L3(h), an
approximation to f/(x.) for the function f{x) = xe*, with x. =2.0and h=0.2.

Determine by Lagrange's formula the percentage number of criminals under

35 years given the following data:
Age % Number of criminals
Under 25 years 52
Under 30 years 67.3 -
Under 40 years - 84.1
Under 50 years 94.4

Find the polynomial of the lowest degreé which assumes the values

3,12,15,-21 when x has the values 3, 2,1,—1 respectively.

END OF THE EXAMINATION
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i coven the tunctton £ar the woilowing vaies
: PN 3 :2 24 2.5
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L=["(1 +[#/(x)])} dx. Compute the arclength of the graph of
g(x)=tanxon [0, -’25] using the trapezoidal rule over 5 intervals.

5. (a) Giventhat f{0.25)=f0.75)=a, fidc if the composite trapezoidal
rule with n = 2 gives the value 2 for ['fix)dx ~ and gives the value 1.75 with n=4.
4 .

(b)  Determine the values of n and h required to approximate [*sinxdx
0
with an absolute error less that 2x 10~ using the composite Simpson rule.

(c) Let P3(x) be the interpolating polynomial for the data (0.0), (0.5,y), (1,3)
and (2,2). Find y if the coefficient of x* in P3(x) is 6.

6. (a) Derive the Richardson extrapolation formula.

(b)  Apply the Richardson extrapolation process to determine Ls(h), an
approximation to f/(x.) for the function f{x) = xe*, with x. = 2.0and h=0.2.

7. (@)  Determine by Lagrange's formula the percentage number of criminals under

35 years given the following data:
Age ‘ % Number of criminals
Under 25 years 52
Under 30 years 67.3
Under 40 years 84.1
Under 50 years 94.4

() Find the polynomial of the lowest degree which assumes the values

3,12,15,-21 when x has the values 3,2,1,-1 respectively.

END OF THE EXAMINATION




UNIVERSITY OF ZAMBIA

UNIVERSITY SECOND SEMESTER FINAL
EXAMINATIONS - AUGUST/SEPTEMBER 1998.

M982 - NUMERICAL ANALYSIS II

INSTRUCTIONS: Attempt any five(5) Questions

TIME ALLOWED: Three (3) hours

L. Apply the Adams-Bashforth three-step method to obtain the numerical solution

to the initial-value problem

y=tt )’ ) =1
performing one step with h =0.1.
The method is given by

Wo=Q, Wi = Qy, Wy =0,
. |
Wint = Wit (231 (11, w) =16 (1, wio1) + £ (170, w,-2)]

(Use a method of 0(h4) for the necessary start)

). a) Prove that if A is an eigenvalue of arbitrary nxn matrix

A = (a), then for some integer k, (1 <k <n)

lag — 4|< i Jay]
j=1

j#k

b) Miine’s method of solving the initial-value problem y' = f(¢,y)

a<t<b, y(a)=oa, consists of applying the predictor formula

4h
Wir] = Wiz + ‘j‘[zf(ti,wi)" S, W)+ 2f (4, w13 |

1



b)

b)
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and the corrector formula
h
Wing = Wi + g[f(tm Wis) +AS (8, wi) + f (g, wim ]

Why are they called ‘predictor’ and ‘corrector’? Can they be applied in any
order? Explain why. At how many points t, must the value of y be known
initially to apply the method?

Consider the system of n linear equations in n unknowns X1 Xg5ne ,x
E1 apx; + a12X2 +ootaX, = b

En- aniX; + an2X2+---+anan =b,
where by, b,, ....,b, and ay, 1 <1<n,1<j<n, are given numbers.
Describe the Jacobi iterative method for solving the system for the unknowns

as an iterative technique.

Given the system of linear equations

10x, + 5x, = 6
5x; + 10x; - 4x; = 25
-4x, +8x3-x4 = -11
-X3+5x, = -11

Find the first three(3) iterations of the Gauss-Seidel method using

X =(0,0,0,0)"

Show that the given initial-value problem has a unique solution
-2
y'=7y+t e, 1<t<2, y(1)= V2e

Apply Taylor’s method of order four(4) to solve the initial value problem

y'=y-t2+1, 0<t<1, y(0)=0.5
using stepsize h=10.2.



Let a=

a)
b)

c)

b)

Page -M982 -

— = N
— N N) -
[ e )

Determine the region containing the eigenvalues of A.
Find the spectral radius of A

F 1(13)(1 the first tthree iterations obtained by the power method applied to A using
XV=(1,-1,2).

Given the linear system

2X1 -6a X, = 3
3 X1 -X, =3/2

1) Find the value(s) of o for which the system has no solutions

ii) Find the value(s) of o for which the system has a infinite number
of solutions.

iii) Assuming a unique solution exists for a given a, find the solution.

Given the initial value problem

2
y:%—@) , 1<t<2, y(1)=1, with h=0.1, use the Runge-Kutta

method of order 4 to approximate the value of y(1.2) correct to four decimal
places.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
PHYSICS DEPARTMENT

UNIVERSITY EXAMINATIONS : NOVEMBER - DECEMBER 1997
PARTIAL ENTRY EXAMINATION IN PHYSICS

All questions carry equal marks. The marks are shown in brackets. Attempt five
questions. Question one is compulsory. Attempt four more questions, including
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Answer Q1 in the following manner:

a) () by (M. ) . Write the number i, ii, iii, or iv as the case may be in place
of the question mark. '

. . . 2 . .
Q1. a)The acceleration of gravity on Mars is 3.7 m/s". Compared with his mass
and weight on earth, an astror:aut on Mars has :

i}less mass and less weight
i1)less mass and more weight
iii)the same mass and less weight
iv)iess mass and the same weight.

b)in a perfectly elastic collision between two objects, their relative speed after
the collision Is

1)zero

iijless than the relative speed before the collision
iiiiequal to their relative speed before the collision
ivimore than their relative speed before collision.

¢)The ceninpetal acceleration of a particle in circular motion

i)is less than its tangential acceleration

iijis equal to its tangential acceleration

ii1)is more than its tangential acceleration

ivimay be more or less than its tangential acceleration.



d)If the sum of the torques on an object in equilibrium is zero about a certain
point, it is :

1)zero about no other point

ii)zero about some other points

iii)zero about all other points

iv)any of the above, depending on the situation.

e)The pressure at the bottom of a vessel filled with a liquid does not depend
on the :

i)acceleration due to gravity
ii)density of the liquid
iii)height of the liquid
iv)area of the liquid surface.

f)Two waves meet at a certain moment when one has the instantaneous
amplitude A, and the other one has the instantaneous amplitude B. Their
combined amplitude at that moment 1s :

NA+B

A -B

iii)between (A + B) and (A - B)
iv)indeterminate.

g)Two point charges of unknown magnitude and sign are a distance d apart.

The electric field is zero at one point located between the charges on the line
joining the two charges. It can be concluded that the two charges must have -

i)the same sign

ii)the opposite sign

iii)the same sign and the same magnitude
iv)the opposite sign and the same magnitude.

-
h)The magnetic flux through a wire in a magnetic field B does not depend on :

{)the magnitude B of the field

ii)the area of the loop

iii)the shape of the loop

iv)the angle between the plane of the loop and the direction of B.



1)The voltage cannot be exactly in phase with the current in a circuit that
contains : ‘

1)only a capacitance

i1)only a resistance

i)inductance and capacitance
iv)inductance, capacitance and resistance.

j)An object is placed at a distance d in front of a converging lens with focal
length f. The image will be virtual and larger than the object size if :

nd<f
md="f
1n)d > f
v)d = 2f.
Marks : 10 x 2 = 20.
SECTION A

Answer anv two questions from this section!

{(a) A person wants to travel a distance of 400 m with his new car. If he starts at rest
and can accelerate at 3 m/s” , what minimum time will it take to cover this distance if
the maximum speed is 30 m/s. (8]

(b) A small girl is pulling a wagon of mass 20 kg along the road. The girl is pu]hng on
the wagon’s handle with a force of 20 N. The handle makes an angle of 20° with the
horizontal. Find the coefficient of kinetic friction between the wagon and the road :f
the wagon is maintaining a constant velocity. [12]

Cor\sider the system shown in the figure with m; = 0.5
kg, m, = 0.8 kg and m; = 1.0 kg. The pulley 1s massless
and frictionless. The system is released from rest. After
the right-hand mass has risen 80 c¢m, the mass m, 1s cut
loose from the system What is the speed of mass m;
when it retums to its original position? [10]

(b) A 5 kg Jump of clay that is moving at 10 m/s to the left, strikes a 6 kg lump of clay
moving at 12 m/s to the right. The two lumps stick together after they collide. Find the

final speed of the composite object, and the kinetic energy dissipated in the collision.
[10]
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Wherever necessary, use g = 9.8 m/s>, P, =1.01 x10° N/m®>. 1 cal. =4.18 J.
Pwater = 1000kglm3 * Pbenzene = 879kglm3

Some equations you may find useful :

vi=v, +at vf2 = vo2 +2ax x=vit+ (1/2)at2 f=pFy W=mg
Ft=m(v¢-v,) kin.energy = (1/2)mv2 grav. pot.energy =mgh  work = F.s.cos0
APE + AKE + ATE=0 power = work/time v= (172} vy + v¢) X=vt

VI =1 wf‘= W, + at mfz = c)°2 +200° O=o,t+ (1/2)oct2 Ft=Ap

p=mv ar=ar L=1o t=la=Fr Kin. energy = (1/2)mv2 + (1/2)Ico2
1 rev = 360° = 2 radians Fo=(m)r I=Xm’  F=(GmmyAr’
Y = (F/A)(AL/L,) B =- AP/(AV/V,) Wy =mg-BF.  P=pgh

Wap =W [1-(pe/p)]  F=-kx  [(1/2mV]e =(B/2)KT  AQ=cmAT — nCAT
AL=aLAT AV=9yVAT AW=PAV P, V,'=P,V,)  (AQ/At) = (AAT)/AL
AQ =AU + AW amax. = kxo/m a, = @’x, P.E. = (1/2)ks’

(/12)k? +(12)mv* = (1/2)kx,”.  a=-ko/m  o=Vkm) v==V[Km)x?-x3)]
v=¥W(Ylp) f=12rNE&m) f=@127x0N@gL) v=V[T/(w/L)] v=VB/p)
PV =nRT v=VyRTM) f=l1 o=2nf Lo,=Lo, ATE.=fs

area of a sphere = 4nr’ area of a right cylinder = 2xrl



Question 1: Marks : 10 x 2 =20

A)

- B)

C)

D)

F)

G)

Ball A is thrown horizontally, and ball B is dropped vertically from the same height at
the same moment. If we neglect air friction :

(a) ball A reaches the ground first
(b) bali B reaches the ground first
(c) ball A has the greater speed when it reaches the ground
(d) bali B has the greater speed when it reaches the ground.

An engine block is supported by a rope hoist attached to an overhead beam.
When the block is pulled to one side by a horizontal force exerted by another rope,
the tension in the rope hoist :

(a) is greater than before

(b) is lesser than before

(c) is unchanged

(d) may be any of the above, depending on the magnitude of the horizontal force.

A stone is thrown upward from a roof at the same time as an identical stone is
dropped from there. The two stones

(a) reach the ground at the same time

(b) have the same acceleration when they reach the ground -
.(c) have the same velocity when they reach the ground

(d) none of the above.

A cake of seap placed in a bathtub of water sinks. The buayant force on the soap is :

(a) zero

(b) more than its weight
(c) equal to its weight
(d) less than its weight.

A cable stretches by the amount x under a certain load. If the cable is replaced by a
cable of the same material but half as long and having half the diameter, the same
load will stretch it by :

(a) 2x (b) x/4 {c) x (d) x/2
An object undergoes simple harmonic motion. lts maximum speed occurs when its
displacement from its equilibrium position is : :

(a) zero (b) a maximum
(c) half its maximum value (d) none of the above.

Evaporation cools a liquid because :

(a) the siowest molecules tend to escape
(b) the pressure on the liquid increases
(c) the pressure on the liquid decreases
{d) the fastest molecules tend to escape.



H)

J)

A pressure cooker cooks food more rapidly than an ordinary pot with a loose lid
because :

(a) the pressure forces heat into the food

(b) the higher pressure lowers the boiling point of water

{c) the higher pressure raises the boiling point of water

(d) the higher pressure increases the specific heat capacity of water.

A road slopes upward so that it climbs 1.0m per each 12m of distance along the road.
A car with a weight of 10kN moves up the road at a constant speed of 24m/s.
The maximum power the car develops is : '

(a) 1.7TkW (b) 20kW
() 2.0kW (d) 240kW

An empty plastic bag is placed on a spring balance and a first reading is taken. After
this the bag is filled with air at room temperature and a second reading is taken.
Which one of the following statements is correct ?

(a) the second reading is larger than the first one
(b) the second reading is smaller than the first one

ACT the second reading is equal to the first one

(d) the second reading might be larger than or equal to the first one, depending
on whether the scale on the balance indicates mass or weight.

Q2.(a) Define bulk modulus and compressibility [3]

{b) A bus travels 400m between 2 stops. It starts from rest and accelerates at 1.5m/s? until

(c)

(b)

it reaches a velocity of 9.0m/s. The bus continues at this velocity for some time and
then decelerates at 2.0m/s? until it comes to a halt. Find the total time required for the
journey. [8] N
0.020kg of ice and 0.10kg of water at 0°C are in a container. Steam at 100°C is

passed in until all the ice has just meited. How much water is now in the container ?
Given, specific heat capacity of water = 4.2 x 10° J/kg.K. H;of ice = 3.4 x 10° J/kg;

H, of water = 2.3 x 10° J/kg. Neglect any other type of heat loss. [9] '

Define moment of inertia. [3]

A uniform ladder 5m long weighing

200N is leaning against a frictionless -
vertical wall with its base 3m from

the wall. The coefficient of static

friction between the bottom of the

ladder and the ground is 0.45. How

far, measured along the ladder from

its bottom, can a 600N man climb

- before the ladder starts to slip ? [10] T‘_"

()

A horizontal disc rotating freely about a vertical axis through its centre makes
100rev/min. A small piece of wax of mass 10g falls vertically on the disc and sticks to



(b)

it at'a distance of 9cm from the axis. If the number of revs/min is thereby reduced to
90, calculate the moment of inertia of the disc.

Given, moment of inertia of a disc of radius r = (1/2)mr?, and moment of inertia of a
point mass at a distance “a” from the axis of rotation = ma®. [7]

Explain the meaning of the terms (i) isothermal change and (ii) adiabatic change for a
thermodynamic system. [4]

Two masses m, and mg with m, = mg my )
are connected by a massless string
going over a massless and frictionless
pulley. The system is released from rest.

Find the coefficient of kinetic friction mg
between the table and m, if it is given : .
that the masses have a speed of 3.7m/s

after mg has descended by 2.0m.

(use conservation of energy). [10}

(c) ltis desired to measure the density of an oil by using Archimedes’ principle.

(b)

An irregularly shaped piece of metal, of unknown composition, is available.
The following data are taken :

i) weight of metal in air =1.55N

ii) weight of metal in water =0.75N
iii) weight of metal in oil - . =0.85N
Calculate (a) the density of the metal,

(b) the density of the oil. 6]

State Archimedes’ principle.  [3]

C:]-,——m
m, .
Mg
RIS B

A magnet of mass m, = 0.5kg is attached to a massiess string of length L = 2m. The \
magnet is pulled out to one side so that the string is horizontal. When the magnet is

o released, it swings down and strikes an iron cube B of mass mj; that is resting on a

(c)

frictionless surface. The two stick together and swing upward on the other side to a
heighth =L /8. Find mg. [9]

A glass tube is bent into a U-shape. Water is poured into the tube until it stands 12cm
high in each side. A 3.0cm column of benzene is siowly poured mto one side. Hov7
far will the water in the other side rise ? GIVON Puenzene = 879kg/M°  [8]

Define simple harmonic motion and state the relation between displacement from its
mean position and the restoring force when a body executes simple harmonic motion.
[2+1]

RS

-~



. (b)

(c)

(b}

(c)

(b)

(c)

A volume of air initially at a temperature of 27°C and 1.0 x 10° N/m? pressure is
compressed isothermally until its volume is halved. It is then expanded adiabatically
until its original volume is restored. Assuming the changes to be reversible, find the
final pressure and temperature. Given y = C/C,=14. [10]

A small mass rests on a horizontal platform which vibrates vertically in simple
harmonic motion with a period of 0.50 second. Find the maximum amplitude of the

motion which will allow the mass to remain in contact with the platform throughout the
motion. [7]

Define Young's modulus. [3]

Consider the system in the figure.

With m, = 1kg, m, = 2kg, M =1kg,

R = 30cm, find the speed of the R,M
masses once the mass m, has

descended by 2m after the system

has been released from rest.

Find the linear acceleration of the ~

mass m, and the angular acceleration m, m,
of the pulley. , L | 2 Kg

bsoua aisk = (1/2)MR”,

(Hint : use conservation of energy ). [10]

A piece of copper wire has twice the radius of a piece of steel wire. Young’s modulus
for steel is twice Young's modulus for copper. One end of the copper wire is joined

to one end of the steel wire so that both can be subjected to the same force along
the length. By what fraction of its length will the steel wire have stretched when the
length of the copper wire has increased by 1% ? [N

Briefly explain the principle of heat transfer by convection. [4]

Consider a mass m = 10kg on an incline

making an angle of 30° with the horizontal. A ‘
The coefficients of static and kinetic friction, F

ps and p, respectively between the incline m

and the mass are 0.25 and 0.15 : \30°

(i) what force is needed to start upward motion ?
(if) what force is needed to move the block up the
incline at constant velocity once it has been

set into motion ? [8]

A copper pipe having an external diameter of 12cm and a wall thickness of 0.30cm
carries steam at 150°C through a vat of circulating water at 20°C. How much heat is
lost per meter of pipe in 1 second ? Given, Kggpper = 400W/K.m.

(Hint : It may help to draw a sketch). [8]

End of Examination

L N
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Time allowed : THREE (3) HOURS

INSTRUCTIONS: Answer any FIVE(5) questions only. They are of equal marks. The marks are shown
in brackets.

Wherever necessary, the following constants and formulas can be used:

Speed of light c=3x10° m/s
1eV=16x10"" ]
electronic charge e=16x10"° C
electronic mass m=9.1x10"" kg
1 atomic mass unit 1u=931.3 MeV
Avogadro's constant N.= 6.02x10 2/ mol
Planck's constant h = 6625x107* Js
Photon energy E=hv
1 Angstrom 1A=10"m

e'=1+x, x<<1
I=1,(1-¢7")

Rayleigh-Jeans's law I(A)dA = in-l;—fi?:
-5
Wien’s formula I(A)dA = Ee%;%
Stefan's law E =oT!
Isotopic masses ZAl =26.98153
# Na =22.98977
*He = 4.00260

26Ra= 226.0254

2Rn= 222.0175



Q1 (a) Planck's radiation law for the distribution of intensity of radiation in the spectrum
of a black-body is stated as
8nthcdA
?\’—S(ehc/kT _ 1)
(1) Re-write this expression in terms of frequency showing all steps you take.  [4]

I(A)dA =

(ii) Show that the expression reduces to the Rayleigh-Jean's law at long wavelengths

and to Wien's law at short-wave lengths. [8]
(b) A star is determined to have a température of 300K and radiates 400 times as

much as the sun. What is the radius of the star in sun radii? ( Use 6000K for

the surface temperature of the sun). [8]
Q2 (a) What is meant by the following terms as applied in atomic physics? (4]

(i) stopping potential;

(ii) threshold frequency.

(b)  Calculate the value of Planck's constant from the following data, assuming that
the electronic charge has a value of 1.6 x 107°C
A surface when irradiated with light of wavelength 5696 A emits electrons for
which the stopping potential is 0.12 volts. When the same surface is irradiated
with light of wavelength 2830 A, it emits electrons for which the stopping potential
is 2.20 volts [10]
(c)  Calculate the work- function and threshold frequency for the surface cited in part
(b) above. [6]

Q3 (a) Explain the reason why Bohr's derivation of expressions for the quantization of
orbits for hydrogen is termed as "semi-classical” 5]

(b)  Starting with the centripetal force on the orbiting electron in hydrogen i.e.

mv?> e’

r 4ng,r’

and Bohr's second postulate,

mvr = —
27
show that the radii of the orbits are quantized and are given by
n’h’g,

r= >
Tm_ e
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where m, = the electronic mass and e = the electronic charge. [8]
(Q3. continued)
(c)  Calculate the ionisation energy of the hydrogen atom from the following data:
The wavelength of the Balmer series limit is 3645A and the wavelength of the

first line in the Lyman series is 12154 (7
Q4 (a) What are x-rays and how are they produced? [3]
(b) An x-ray tube is operating at a potential difference of 150 000 volts and 10 mA
current.
(1) How many electrons are hitting the target every second? 2]

(i) If only 1% of the electric power is converted into x-rays, at what rate is the
target being heated in joules per second? [4]

(i) If the target has a mass of 300 gram and a specific heat capacity of 0.146J /g°C

at what average rate would its temperature rise if there were no heat losses? 5]

(iv) State three desirable physical properties of a practical target material. and give

two examples of suitable target elements. 31
(©) (1) What is meant by the term " half-value layer" as applied in x-ray absorption? [1]
(i) How many half-value layers are necessary to reduce the intensity of an x-ray [2]

beam to 1/64 of its original value?

Q5 (a) (i) What is meant by the term “Compton Wavelength”? (2]
(i) An x-ray quantum that has a wavelength of 0.15 A undergoes a Compton
collision and is scattered through a an angle of 37°

1) What are the energies of the incident and scattered photons and of the ejected

electrons? f6]
2) What is the magnitude of the momentum of each photon? 31
(b) (i) What are "matter waves " ? m

(ii) Show that the de Broglie wavelength, in Angstroms, associated with an electron
accelerated from rest through a potential difference of V volts is classically equal

to

A=—7 [4]

(iii) An alpha particle is ejected from the nucleus of a radium atom with 5.78 MeV of

kinetic energy. What is the de Broglie wavelength of this particle? [4]

Average nucleonic mass = 1.67 x 107 kg
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Q6 (a) Define the following terms as understood in radioactive decay: 4]
(i) Half-life
(ii) Disintegration constant;
(iii) Daughter nuclide;
(iv) Parent nuclide.

(®) A certain radioactive nuclide has a half-life of 20 days.

(i) How long will it take for 3/4 of the atoms originally present to disintegrate? [3]
(ii) How long will it take until only 1/8 of the atoms originally present remain
unchanged? : 3]
(iii) What are the disintegration constant and the mean life of this nuclide? 2]

(©)  If aradioactive material initially contains 3.00 mg of U L(T12=2.48 x 10%yr),
(i) how much material will remain unchanged after 62 000 years? [6]

(ii) what will be its activity at the end of that time? [2]

Q7 (a) Define the following terms as understood in nuclear reactions:
(1) " Q-value " of a reaction (2]
(i) " exoergic" and " endoergic" nuclear reactions 2]
(b)  Find the Q-values of the following nuclear reactions and determine whether they
are endoergic or exoergic:
(i) YAl = *Na + *He +Q
(ii)zzGRa —22R4 4+ ‘He +Q (6]
(©) (i) Define the following and give two examples of each:
1) isotopes
2) isotones
3) isobars [6]
(1) Draw a well labelled diagram of a typical gas filled chamber ( a radiation

detector ) and describe how it works. [4]

END OF EXAMINATION

HAVE YOU WRITTEN YOUR COMPUTER NUMBER?
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NOTE: ANSWER TWO QUESTIONS FROM SECTION A AND TWO QUESTIONS

FROM SECTION B AND ONE QUESTION FROM EITHER SECTION TO MAKE
TOTAL FIVE QUESTIONS.

Please check that this question paper contains 5 printed pages.

SECTION A: ANSWER TWO QUESTION FROM THIS SECTION

QUESTION 1.

(1a)  Derive the formula for the volume of a liquid which flows through a narrow tube
in unit time and explain the limitations of the formula. (8 Marks)

(1b)  Water flows through a horizontal tube of length 20 ¢m and internal radius 0.081
¢m. under a constant head of the liquid 20 cm. high. In 12 minutes 864 c.c. of
liquid issues from the tube. Calculate the viscosity coefficient for water. The
density of water is1 gm. per c.c. and g = 981 m/s’ (6 Marks)

(lc) A square plate of 10 cm. side moves parallel to another plate with a velocity of
10 cm. per sec., both plates being immersed in water. If the viscous force between
them is 200 dynes, and the viscosity of water is 0.01 gm/cm sec., what is their
distance apart (6 Marks)

QUESTION 2.

(2a)  Show that excess pressure inside the soap bubble of radius r over the atmospheric
pressure outside it is equal to 4T/r where T is the surface tension of the soap
solution. (5 Marks)



(2b)  The pressure inside a soap bubble of radius 1 cm balances a 1.4 mm column of oil
with density of 0.80 gm/c.c. Calculate the surface tension of the soap sohution.

(5 Marks)
(2¢) Derive an expression for the height h through the liquid of surface tension T will
rise .
in g capillary tube of radius r (5 Marks)

(2d) A U tube with limbs of diameters 5 mm and 2 mm respectively contains water of
surface tension 7 x 102 N m”, angle of contact zero and density of 1000 kg m”.
Find the difference in levels given that acceleration due to force of gravity equals
10 nv/s . (5 Marks)

QUESTION 3
(3a) Show that the bending moment for a rectangular plate with cross-section area b dz ‘
where b is its length and dz its breadth is given by
(Y b &)(12R) (6 Marks)

whereY is the Young’s modules of the material of the rectangular plate and R is
the radius of curvature.

(3b) Derive the expression for the depression of a square beam supported at the ends
and loaded at the centre. (4 Marks)

(3c) calculate the Young’s modules for brass bar 1cm. square in cross-section
supported on two knife edges 100 cm apart if a load of 1 kg at the centre of the -
bar depresses that point by 2.51 mm. (6 Marks)

(3d) Find the work done in joules in stretching a wire of cross-section 1 sq. mm. and
length 2 metres through 0.1 mm, if Young’s modules for the material of the wire
is 2 x 10" dynes/om’ . (4 Marks)

QUESTION 4.

(42)  Show that the deflection at the free end of a light horizontal beam of length L and
negligible weight clamped at one end and loaded at the other is given by

WLYEYL) (8 Marks)
where W is the weight of the load at the free end, Y is the Young’s modules of the

material of the beam, I, is the geometrical moment of inertia of the material of the
beam.



(4b)  Alight bar of length 1m. and rectangular cross-section 5 x 10° m?. is supported

(40)

at two ends and loaded in the middle with a load of 0.1 kg. The depression
observed is 1 x 96x 10~ m. Calenlate the Young’s modules of the material of the
light bar (Note that rectangular cross-section are a = bd, k% = d/12 where k is
the radius of gyration, I, =ak?isthe geometrical moment of inertia of the
material of the beam). (8 Marks)

A copper wire 3m. long for which Young’s modules is 12.5 x 10" dynes per
square cm, has a diameter of 1 mm. If the weight of 10 kg is attached to one end,
what extension is produced? If Poisson’s ratio is 0.26, what lateral compression is
produced? (4 Marks)

SECTION B: ANSWER TWO QUESTIONS FROM THIS SECTION

QUESTION 5

(5a) Using the postulates of the Kinetic theory of gases, derive the expression for
Kinetic pressure. ‘ (7 Marks)

(5b) Show that

@) Equal volumes of ideal gases existing under the same conditions of
temperature and pressure contain equal number of molecules,

(i)  Average Kinetic energy per molecule is proportional to the thermal
dynamic temperature.

(i)  The rate of diffusion of a gas is inversely proportiona! ¢ the square
root of its density. : (9 Marks)

(5¢)

(1) Given that the gas constant R is 8.3 x 107 ergs per 1°C, and the atomic weight of
chlorine is 35.5, find the root mean square (r.m.s.) velocity of the chiorine
molecules at 0.°C, (2 Marks)

(i)  Ifthe density of nitrogen is 1.25 gm/litre at normal temperature and pressure,

calculate the root mean square velocity of its molecule (4 Marks)



QUESTION 6

(6b)

(6¢)

(6d)
M)

(i)

Show that the relationship between temperature and volume of a gas for the
temperature change during a reversible adiabatic process is
TV'"! = constant (5 Marks)

Show that the heat equivalent of the mechanical work done in an isothermat
expansion of a gas is

Q=W+RT ¢n [—;l) (5 Marks)
1

where T is the absolute temperature, W is the mechanical work, R is the universal

gas constant and the gas expands from volume V; to volume V,

During an adiabatic expansion of an ideal gas, the pressure at any moment
is given by PV" = k where y and are constants. If the initial pressure and volume
are 10 At m and 10° m’ and the final values are 2 At m and 3 x 10~ m’, how many
joules of work is done by a gas whose y = 1.4. (1 Atm= 1.0 13 x 10° pa)

(5 Marks)

Helum (y = 5/3) at 300K and at a pressure of 1 atmosphere is compressed
adiabatically to a pressure of 5 atmospheres. Assuming that helium behaves like an
ideal gas, what is the final temperature? (5 Marks)

QUESTION 7

(7a)

(7b)

(7c)

A camnot engine is made to work between 200°C and 0°C first and then between
0°C and -200°C. Compare the values of the efficiencies in the two cases.
(4 Marks)

A camot’s cycle ABCDA is performed by 1 litre of air (y = 1.4) initially at 327°C
and a pressure of 12 atmosphere each state TEpresents a COmMpression or expansion
in the ratio 1 to 6. The changes along AD and BC are adiabatic and along AB and
DC are isothermal. Calculate the lowest temperature and the efficiency of the
cycle. (4 Marks)

If a camot cycle is run backward, we have an ideal refrigerator. A quantity of heat
Q. is taken in at the lower temperature T, and the 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
W = Q1 (Tl - Tz)/I} (4 Marks)
(i)  Find the work that must be done to extract 1.0 joules of heat from a reservoir
at 7°C and transfer it to one at 27°C. (4 Marks)
(7d) A Camot engine has an efficiency 50% when its sink temaperature is 27°C. What
must be the change in ifs source temperature so that its efficiency may become
60%. {4 Marks)
QUESTION 8
The Van der Wall’s equation of state is given by (p + a”?) (v - b) RT where a and b are
constants.
{a)  Find the equation for the locus of maxima and minima and hence the expressions
for the critical volume, pressure and temperature, (8 Marks)
{(b)  Show that Boyle’s temperature Tz = a/(b R) {6 Marks)
(c}  10g of steam at 100°C is blown into 90g of water at 0°C in a calorimeter of water

equivalent of 10g. The whole of steam is condensed. Calculate the change m
entropy of the system (L = 540 calories/gm)

Make sure that you have written your computer number on your
answer sheet.

END OF THE EXAMINATIONS
GOOD LUCK
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1 (a) Can there be two-dimensional motion with acceleration only in one-
dimension? Explain. If so, give an example. [3]

(b) A particle of mass m moves near the surface of the earth. The accel-
eration due to gravity is g and its pasition is given by (rcosd, rsin@) in the
T — y plane, both § and r being functions of time.

(i) Calculate the kinetic energy T. [4]

(i) Obtain the potential energy V and write down the Lagrangian func-
tion for the system. [3]

(iii) Obtain the equations of motion. Under what condition(s) will this
kind of motion have acceleration in one-dimension only? [4]

(c) Show for the particle in (b), the quantity

.
2m  2m?

+ mgrsiné

is a constant of the motion and the p’s are the respective momenta. Write
down the Hamiltonian and the total energy of the system. [6]

2 (aj What are generalized coordinates” Hence define the generalized
momenta. [4]

(b) Name two main properties of an inertial frame. What are the respec-
tive consequences of each of these properties of an inertial frame? Show how
these symmetry properties lead to the conservation laws. [6]

(c) A simple pendulum of mass m and length ! hangs from & trolley of
mass A running on smooth horizontal rails. The pendulum swings in a plane
parallel to the rails. The mass M is attached to a horizontal spring which
has spring constant k.

(i) Sketch the system and obtain the Hamiltonian function. 5]

(if) Obtain the equations of motion of the system. [3]

(iii) Are there any ignorable coordinates” Hence, are there any constants
of the motion? [2)

3 (a)What is the effect on its amplitude and period of doubling the length
of a pendulum? [2]

(b) Consider a simple pendulum of length {. Show that if the displacement
(0 = 64) is not small, then to the fourth order T? the squaure of the period of
the pendulum is given by

47 1 ..,86 1 0
2. Zsin?(2) « —sipt( 2
T = 7 (1+2sm(2).165m(2))

where g is the acceleration due to gravity. [10]
(c) Compute the centre of mass of a uniform solid hemisphere of radius

b [8]



4 (a) State the basic postulates of the special theory of relativity. (3]
(b) Show that the Lorentz transformation equations for the S and $'
systems in uniform relative motion may be expressed as

Ty = zZjcuosha —ctsinha
T, = x4y
.’II; = :’53

t' = tcosha — % sinh o

where tanha = E 8]

(c) Given thact ' = y(z - vt) and I' = y(t — vz /c?), where the symbols
have their usual meaning. derive the equations for x and ¢ in terms of 4 and
t'. [9]

5 (a) What is the essential difference between a transverse and a lungi-
tudinal wave? [4]

(b) Prove that u = Asin(kz) cos(w?) is a solution of the wave equation

for a stretched string
ou 8%

pe—— )

o~ " a2

where £ is the wave number. .- is the angular frequency, and v is the velocity
of the wave. [§]

(c) Show that if the string. in (b), is of length L and is clamped at Loth
ends, then

k=2,
L

where n = 1, 2, 3.... Hence or otherwise, show that the string vibrates only
with frequencies

nv
2L

(8]

6 (a) State the paralie] axis theorem. Prove the theorem for a two-
dimensional object? [4]

(b) A disk of uniform density has radius 7o and mass m. Calculate its mo-
ment of inertia about an axis perpendicular to its plane and passing through
its centre. Hence or otherwise obtain its moment of inertia about an axis
perpendicular to its plane and through a point on its rim. (7]

() A wheel of moment of inertia / and radius  is free to rotate friction-
lessly about a horizontal axis. A weightless string wound round the wheel
carries a particle of mass m hanging vertically. The system is released from
rest and the mass m starts to descend. Sketch the system and write down

f'n=



the equations of motion of the mass n: and the wheel. Hence show that in
time ¢ the wheel rotates through an angle

- mgrt?

= [9)

7 (a) What are normal coordinates ? [2]

(b) Two horizontal harmonic oscillators are coupled to each other via a
spring of spring constant k. Each of the harmonic oscillators is of mass m
and spring constant k. Sketch the system and obtain the kinetic energy T
and potential energy V. Hence obtain the corresponding Lagrangian £. [4]

(c) Obtain the differential equations of motion for the system in (b). Sclve
them by use of z; = A;exp(iwt) as trial solutions (i = 1 and 2). Show that
these trial solutiuns lead to

(2k — mw?) A, — kA, =
—kA; + (2k - )4, =

By solving these simultaneous equations, show that the system oscillates with
natural frequencies

p—

1 /&

H o= 7 \' -
_ L8k
f = 27 V n

Interpret these frequencies in physical terms. Obtain the equations of motion
in terms of the normal coordinates. [14]

END OF EXAMINTION
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Useful Formulas

oz,
dQ = dFE + pdV
pV =vRT
Z =Y e PEr

1.(a) Two insulated systems A and A’ are in weak thermal interaction
only. Show that they achieve equilibrium when their temperature parameters
are equal. (10 marks)

(b) The number of states in the energy range from E to E + 8F of an
ideal gas of N molecules in a volume V is

Q(E) = BVVE*?

where B is a constant.

(i) Obtain the equation of state of such a gas. (3 marks)

(ii) Consider two such gases, one with N; molecules in a volume V; with
energy F/; and the other with /Ny molecules in a volume V; and energy E,.

1



Suppose that the two gases are brought into thermal contact, so they form an
insulated composite system. Show that when equilibrium is achieved between
them, the distribution of energy is such that

Ev _ Nl(El + Eg)
! N+ N,

B - Na(E1 + Ey)
AL Nk Wit 22
Ny + N,

(9 marks)
(iii) Calculate the amount of heat absorbed by each gas in the process.
(3 marks)

2. (a) Explain the significance of the entropy S and hence show that
spontaneous processes are characterised by the condition AS > 0. (10 marks)

(b) A system consists of N non-interacting spin % particles in a weak
magnetic fleld H. Each particle has magnetic moment u.When the spin of a
particle lies parallel to the field, its magnetic moment is y and its energy is
—pH; when the particle is anti-parallel to the field, the energy is pH, and its
magnetic moment is —u. Suppose that n; particles have their spins parallel
to H and ny have their spins anti-parallel to H.

(i) What is the energy of the system? (3 marks)

(ii) What is the spin entropy of the system? (5 marks)

(iii) Explain why the spin temperature of the system can be negative and
give the range of energies for which the temperature is positive and the range
for which it is negative.. (7 marks)

3.(a) Explain what is meant by a quasi-static process and explain the
importance of such processes in statistical mechanics. (5 marks)

(b) Show that when a body at absolute temperature 7' absorbs an in-
finitesmal amount of heat dQ, its entropy increases by

dS =dQ/T (10 marks) -

(c) 500g of ice at 0°C are placed in thermal contact with a heat bath at
50°C. Obtain the change in entropy of the total system when equilibrium has
been re-established. (10 marks)



The specific heat capacity of water is 4.2J/(g.°C). The latent heat of
fusion of ice is 333 J/g.

4.(a)What is the postulate of equal a priori probabilities? (2 marks)
(b) Derive the canonical distribution

e—'ﬁEr

b= s

(10 marks)

(c) A system consists of N weakly interacting subsystems. Each subsys-
tem possesses only two non-degenerate energy levels Fjand F3. Show that
the heat capacity of the system is

_ N kx2e®

(e +1)?

where z = ffe and € = Ey — F. (13 marks)

5. (a) Show that in a quasi-static adiabatic compression or expansion the
pressure p of an ideal gas is related to the temperature T by

p' """ = constant

where v = ¢, /cy. (10 marks)
(b) Prove the equipartition theorem

2

— — 1
bp? = cx? = <kT
2
where the total energy of a system described by the canonical distribution is
E=bpl+F
or
E=czl+ F

(10 marks)
(c) Hence, show that the molar heat capacity at constant volume of a
classical solid is



cy = 3R (5 marks)

6.(a) According to the Maxwell distribution of speeds in a dilute gas, the
mean number of molecules per unit volume with speed v = |v| in the range
between v and v + dv is

_ m_\32 2 —mu?/2kT
F(v)dv = 47n (27rlcT) vie dv
Find the most probable speed of a nitrogen molecule in a volume of gas at
an absolute temperature of 300K. (5 marks)

Note:k = 1.3 x 1072J /K and for an N, molecule, m = 4.67 x 10~ 26kg

(b) The quantum mechanical wave function of fermions (i.e., particles
with half-integral spin) is anti-symmetric. Show that two such particles can-
not be in the same quantum state. (5 marks)

(c) A quantum system consists of two particles, each of which can be
in any one of three quantum states of respective energies 0, ¢ and 3¢. The
system is in contact with a heat reservoir at temperature T = (kﬁ)‘1 . Write
down the partition function Z of the particles in the following three cases:

(i) The particles obey Maxwell-Boltzmann statistics and are considered
distinguishable. (5 marks)

(ii) The particles obey Bose-Einstein statistics. (5 marks)

(iii) The particles obey Fermi-Dirac statistics. (5 marks)

KXXFXEND OF EXAMINATION®***



THE UNIVERSITY OF ZAMBIA

~ Physics Department
UNIVERSITY EXAMINATIONS -March 1998

P341

Introduction to Electronics

TIME: THREE(3) HOURS

ATTEMPT ANY FOUR QUESTIONS. ALL QUESTIONS CARRY EQUAL MARKS.
MARKS ARE INDICATED AGAINST EACH QUESTION.

You may use the following where necessary:

magnitude of electronic charge e = q = 1 6x10™" C

free electron rest mass = 9.11x10™" kg

Q. 1 State’

(a)Thevenin's theorem as applied to a two-terminal network of resistors and sources of

emf.

{2 marks)

(b)Norton’s theorem as applied to a two-terminal network of resistors and sources of emf.

For the circuit shown in Figure 1,

find:

{c)the resistance between A and B

|7 marks)

(d)the open circuit voltage between
Aand B {8 marks]

(e)(1) the resistance R; that would
result in the maximum delivery of

power to the load. and (i1) the

current in the load. Ry [3 3 marks]

{2 marks]
250 mA
30Q ’ 200 { \
MW AW
. ‘ ‘
“"—%-_ 600 § 2os>§ § Ry

i l B i

[
Figure 1



Q. 2. (a) Explain the origin of the difference in behaviour in the electrical conductivity of

semiconductors and metals. In particular state what happens in each case as T
approaches absolute zero temperature. [3% + 34 marks]

At room temperature germanium of reasonable purity has an electron mobility of
0.36 m*/V-s, hole mobility of 0.17 m*/V-s and charge carrier concentrations

n=p=2.5x10"" m™ The effective masses for the electrons and holes are

respectively, m, /m=1,and m’ /m =1

Calculate:

(b) the electrical conductivity of Ge, [6 marks]
(c) the average collision time of the electrons and holes‘ [3+ 3 marks]
(d) the current density in an electric field of 100 V m™ [2 marks)

(e) the average drift velocity of the electrons and the holes in an electric field of 100

Vm' [2+ 2 marks)

). 3. (a) Determine the transfer function of a high-pass RC filter. [7 marks)

A voltage wave-form 1s given by:
,
-
J
v(t) =4
|
|

where V, is the peak voltage, T is the period in second and t is the time in
second
Suppose that this voltage is applied to a high-pass RC filter,
(b) sketch the input wave-form {3 marks]
(c) explamn the action of the filter for oRC << I, where » = 2nt/T. and
[7 marks)
(d) sketch the output wave-form in this case. [5 marks]
(e) WR=1000Q and C=0 02uF, determine the range of frequencies for which ®RC

< : {3 marks])



Q.4

I 3
A @

A full-wave rectifier constructed using a centre-tapped transformer and two
diode is required to supply an unfiltered average( i.e. dc) current of 800 mA to a

25-ohm load.

(a)Draw (i) a diagram of the circuit an(i, (1) tflé;input ( into rectifier) and output

wave-forms , [3+2+ 2 marks)
(b)calculate the peak current that flows in the circult [5 marks)
(c)calculate the average voltage across the load, and determine: [3marks]
(d) the specifications for the transformer, and [7 marks)
(e) the specifications for the diodes to be used in the circuit. [3marks)

Q. 5. A Ge pnp transistor (Vpg=0.2 V)isusedina common-emitter amplifier that

_'T’

R, =100Q

L
oo Tﬁﬂv

Figure 2(a) Figure 2(b)

includes a voltage divider bias and an emitter swamping resistor as shown n Figure
2(a). The quiescent emitter cusrent is S mA. the quiescent base current is 0.2 mA and

the emitter supply voltage i1s 25V

Determine
(a) the required value of the emitter swamping resistor [5 marks)
(b) the values of both resistors in the voltage divider R, and R;. [3 marks)

Figure 2(b) shows the circuit of a grounded emitter pnp transistor amplifier.
Assuming that § >> | and Vg = 0, find.

(c) the load line of this amplifier [6 marks)



(d) the bias equation( i.e. an expression for the base current) ,and  [6 marks)
(¢)comment on the behaviour of the base current for values of L. from 0 to -2 mA.

[5 marks]

Q. 6. (a) State the properties of an ideal operational amplifier. [4 marks]
(b) Determine an expression for the \f(;ltage gam for the circuit in Figure 3(a)
constructed using an ideal operational amplifier. [6 marks]
Figure 3(b) shows an ideal operational amplifier used to construct an operational
adder.
(c) Determine:
(i) an expression for v, and [5 marks)
(1) show that if R,=R,=Ry, then,
v, =—(v,+Vv,) [2 marks]
(d) (i) Determine an expression for the voltage gain for the circuit in Figure 4, and
(i1) state what kind of analogue operation can be performed by such a circuit

[6+ 2 marks]

Figure 3(a) Figure 3(b)



END OF P341 EXAMINATION
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You may use the following information:

£, = 8.85 x 102 farad/meter;
o = 4 mx 107 N/A?

widh

®
f sin®0do =
0

.1 , .
=i = —(1-i); h = /=1
V=i 2( I)‘ where i =/

B-vXxA; A-bdgd
4’ r

Divergence of a vector A in spherical coordinates (r, 6, ¢) is given by

r r r oo r sin oo

d 9A
V.A=%Ar+§<§-r+A°°0te+—1-A°+ 1 L

Laplacian in spherical polar coordinates (r, 6, ¢) is given by

V2 = ..1_._9. (IZ_Q_) + 1 _Q_(sinai) + 1 —82—
r2or\ ar) r?sing ) r2sin% a¢?

in cylindrical coordinates (p, ¢, 2)

A A

p P £

’—}A - _ 1 ? ,3 9
YA = — — 2. A
f of ;) gL




Poisson Equation
viv=- £

€

he vector r is directed from P’(x’, y’, Z') to P(x, y, 2). If P’ is fixed and P is allowed to
nove, then the gradient under this condition is given by

V(J_)~ -t

r ré
f P is fixed and P’ is allowed to move, then the gradient is

1 P

Vi—| = —

( r ) r

The vector identities
V x (VXA = -V2A + V(V.A)

V.(fA) = fV.A + AVf
VV.VV) = (W)2 + V V3V
For a long solenoid of length L, B= g NI/L inside

=0 outside

"he magnetic induction at a point on the axis of a circular current carrying loop is

_ pola®
2(32+22)312
Maxwell’'s Equations are
V.D = p, ’ V-B = 0
vxE+8B.0; vxn-2.,
ot ot



2.1

2.2

2.3

(@)

(0)

(@)

The energy W for an electric charge distribution of density p(x, y, z) is given
by

W=—;—[Vpd1:

Use the above expression to show that the energy density associated with
an electric field is given by

AW _ Sop2 3
e 2E Joulesim

[10 marks]

Show that the electric potential energy of a sphere of radius R carrying a

charge Q uniformly distributed over its volume is equal to 3Q%/20re, R.
[15 marks]

Show that the electric potential due to a polarized material at a point away
from the material is given as the sum of the potentials due to a bound
surface charge of density o, = P.fi and a bound volume charge of density
P, = -V.P. ‘ [11 marks]

A sphere of radius R is polarized uniformly with polarizaion P
(i) Calculate the bound surface and volume charge densities.

[2+2 marks]
(i)  Show that the sphere stays neutral overall. [4 marks]

(iiiy  Calculate the electric field intensity at the centre of the sphere due to
the bound charges. [6 marks]

A conducting sphere of radius R is charged to a potential V and spun about a
diameter at an angular velocity w. Show that

@)

the surface current density is € y» V sin@, where 8 is the spherical polar
angle of a point on the surface if the axis of rotation is taken as the z-axis
and the centre of the sphere as the origin. [8 marks]
the magnetic induction B at the centre is (2/3)uye V. [8 marks]

the magnetic dipole moment is (4/3)nR3MI? where M = g,0V. [9 marks]

3



Q.5.

(@)
(0)

(b)

Define mutual inductance and show that M, = M,,. [2+5 marks]

Obtain an expression for the mutual inductance between two long coaxial
solenoids of nearly the same radius R, the lengths L, and L, (L, > L) and
the total number of turns N, and N,, respectively. [8 marks]

Two long parallel rectangular loops lying in the same plane have lengths L,
and L, and widths w, and w,, respectively. The loops do not overlap, and
the distance between the near sides is s. Show that the mutual inductance
between the loops is

M = p?f’Lzln e
T s{1+ Wo
S+W,

if L,<L, and if the loops have a single turn. Neglect end effects.
[10 marks]

A long wire of radius a carries a current | and is surrounded by a long coaxial
holiow iron cylinder. The inner radius of the cylinder is b and the outer radius c.
Assuming the material to be isotropic and linear,

(@)

(©)

©

Calculate the flux of B inside a section of the cylinder L meters long.
[ 6 marks]

Find the equivalent surface current density on the inner and outer iron
surfaces, and find the direction of the equivalent currents relative to the
current in the wire. [5+2 marks]

Find the equivalent current density inside the iron. [6 marks]

Find B at distances r > ¢ from the wire. How would this value be affected
if the iron cylinder is removed? [5+1 marks]



Q.6

In a homogeneous, linear, isotropic and stationary medium, in the absence of free
charges, the E vector obeys the following wave equation

(@)

(b)

Using complex notation for a plane sinusoidal wave travelling along the
positive z-direction, show that in a good conductor the wave number is
complex and is equal to (wow/2)"/2 (1 - i). Hence show that the amplitude
of the electric field vector is attenuated exponentially as E ~ exp(-z/$),
where z is the thickness of the medium traversed by the wave and & =
(2/(.)0;1)1/2.

[15 marks]

If the average value of the Poynting vector at a distance z inside a good -
conductor is given by

1/ ¢ \3 2z
=2 | — 22 —-—
Sav 2(2«”&) E°GXP( 6)'

what fraction of the power is dissipated inside a nickel sheet of thickness
0.5 mm when it is placed perpendicular to the direction of propagation of
electromagnetic waves of frequency 1 kilohertz?
(For nickel o = 1.3 x 10" mho/meter, u, = 100).
[10 marks]
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Answer:(1) Question 1 1s compulsory.
(1) Any Three questions from 2,3,4,5 and 6.

All questions carry equal marks.
(Marks are shown in the Square Brackets)

INSTRUCTION: Whenever necessary, use the information given in the Appéndix.

’—'s
n
[

Q.1. (A) Identify the errors if any in the following

() WRITE (*,10) X
10 FORMAT(2X.F6.5 'VALUE OF X //)
(1)  CHARACTER*S NAME, SCHOOL*17
NAME='PHYSICS'
SCHOOL= NATURAL SCIENCES'
(i) IF(X EQ 7.0)
THEN STOP
ENDIF
(iv) FUNCTION SUM(X)
DO 10J=15
X(H=X({J)+
10 CONTINUE
END
(v)  COMMON/A(10).X(5).Y/BK 1/ X(10).2/

(B) Write a program to read and print a FORTRAN program devoid of all [5]
comment lines The program is to be read from a data file which conains

a FORTRAN program having many comment hnes

(C)y Wnite a program to read the data given below and wiite 5]
on a file ' EX1T DAT

PHYSICS PAPER 4091 FOURTH YEAR



2.

and then to read the data from file 'EX1.DAT' and write on output file
EX1.0UT' as follows

491 FOURTH YEAR PHYSICS PAPER

D) Given (x,,y,) for =12, 10 | (5]

use DO-loops to write a program 1o evaluate
2 2.2
le ? in ’ anyi ’ leyi

(E) The normal probability function ¢ 1s defined as: [5]
1

exp(—x*/2
\/ﬂ xp( )

$(x) =

Write a program to evaluate ¢(x) for values of x from -3.0 to 3.0

in steps of 0.2 and store them in an array. Display the results in a table
with five values to a line.

Q.2.: (A) The following data are given [10]
ml =256 ., m2=7.256 theta= 23.5

3

and cross= 2.14E-24
Write a program to

(1) write the data on a file whose name is to be given through a default device,
(1) read the data from the file and write on an output file whose name is to be

given through a default device. The output should contain the corresponding
variable names ml, m2, theta and cross.

(B) Write a program to calculate f(x_) at

x, = 400 using the data [15]
given below

J(x) |80 90 210 1450 1840
X

& 100 | 130 1300 |650 | 1200

Use Lagrange's Interpolating Polynomial P(x) given by

P(x)= Zf(Yk )Ln‘k (x)



3.

~ where
(x"xo)(x"xl) ----------- (x"xk—l )(x»xk-ﬂ) ------- (x—xn

L, =
e mx )X — X)) (ep = x  )(x, —x00, ) (x, —

for k=0,1,2,.... .
Q.3. The sample data of ambient room light obtained by an optical multi-channel
analyzer are given in the following table
A Intensity 1( 1) A Intensity I( A )

4357.84 40.0 4358 .39 168.0

4357.94 41.0 4358.49 111.0

4358.04 7.0 4358.59 64.0

4358 14 66.0 4358.69 51.0

4358.24 129.0 4358.79 46.0

4358.34 165.0 4358.84 41.0
It 1s proposed to fit the data to a theoretical Lorentzian line shape function
given by :

I L) ) ]U
A)= 5
( 1+4(A -4 )YT?
The merit function is given by
N
0= ) 11 B 1)
A
where [, measured intensities, B =300 and Iy = 168.3.
By minimising  y ° the best value of A . and I are given.
Write a program to
(1) to create a data file for the data given above with the [5]
file name 'INTEN DAT"
(i)tocaleulate y° for 0.1< T <00  with increment Al'=0.05 [15]
and 43582 < X 4< 43585 with increment AXA=0 01

(i) to tabulate. y ° as a function of |” and A ¢ onan output file [5]

with any name given through a default device
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Q.4. Consider a two dimensional lattice with 200 lattice points along the x-direction
and 40 lattice points along the y-direction forming a set of square lattices each of
side of unit length. The total number of lattice points is 200 x 40 . Assume that
all the lattice points at (x,y=20) and (x,y=-20) for all x have reflecting property.
That is if a walker reaches y=20 the next step is towards south or if the walker
reaches y=-20, the next step is towards north. Here we have assumed y-direction
to be north-south.

Write a program to find the mean displacement of a walker taking [25]
100 steps in SO trials starting from (x=0,y=0).

Assume that you have a subroutine RN(N,S,RD) which generates N-number of
random numbers RD(N) for a given seed S.

Q.5.(2) Define autocorrelation and show that autocorrelation of a signal S with [5]
noise n will be a signal on a constant background due to noise.

(b)Explain the difference between Fourier, Discrete Fourier and Fast Fourier [5]

Transforms.
(c) The Dufling Oscillator differential equation is given by [15]
d”x de | .
T +k—+x’= Bcost where B = constant
dr- dit

dx|
Assume initial conditions tobe at 70 x(1=0)=0.5 and 75 =0

Write an algorithm in pseudo code 1o
() find the solution x(t) on the interval  0< t<25 at 200 points .
(i)find the frequency spectrum using solutions of (i) Assume that the
subroutine for FFT is given with the name FOUR I(DATA,NN,ISIGN)
where DATA is the input data of 2*NN points and with ISIGN=1 The
returned values of DATA will be the Fourier Transform of the original
data points.

Q.6.: (a) Explain the term Chaos and Determmistic Chaos. (3]

(b) In the presence of damping and driving force the Simple Pendulum
is described by the differential equation

d’x dx L4 F A 0
e : N]sinx =
e +Ld[+f +Fcos{@ml)sinx



where o =2nf , f=frequency of the driving force,

F= amplitude of driving force and ¢ = damping constant=0.1.
Mass of the pendulum is assumed to be unity and L/g=1

where L=length of the pendulum and g=acceleration due to gravity.

Consider the initial conditions to be

t t=0, x(0)=1and é =0
a , x(0) an al "

Write a pseudo code to solve the above equation to find [15]
dx
(1) x(1) and p(t) = a for 0< t < 8n/w
with increment At=8 /150 @ and for F=1.51, 1.79 and 1.9,
given o =2.0.

(c) Explain the terms Poincare’ Section and Fractal with reference to - [5]

the solutions of (b).

‘@ @ END OF EXAMINATION 4w a/a
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APPENDIX
1.Non-Linear Equations:
Newton-Raphson method:
Xn = Xp_j — Axn-1)
R 7
f (xn—l )

2.Integration:

(a) Trapezoidal Rule:
b m-1
[fix)dx = 0.5h| f(a) + f(b) + 2 _Zl f(xj)
a 1=

with x;=a+jh with j=123,...... m.

(b) Simpson Rule:

b
ljif(x)d\ :g[f(a)—{-f(b)+4(f1 +f3 +f5 + .. +f2n~*l)

+2(fy +fy+fg+ .+l

(¢) Monte Carlo Method:

b ' N
) (b-a) N

fx)dx = S ¥ fix,
zji(X) X N l:_—l f(x[)

3. Solution of Differential Equation:
(a) First Order Differential equation with initial conditions:

dy _ oo
= f(x.v) .

(1) Euler Method:
Yigp = ¥; * hH(x5,y5)  whereh = x4 x4



(1) Fourth Order RK-Method:

Yie1 =¥; t(k; +2ky + 2k3 +ky4)/6

where

K, =hf(x,y)
k, =hf(x,+05h,y, +0.5k,)
ky=hf(x,+05h,y, +0.5k,)

k,=hf(x+h,y, +k, ) , whereh = x;,. | - x;

(b) Second Order Differential Equation:
(1) A second -order differential equation

dv dy :
k) A q(x)a; - r(x)

dx
can be written as two first-order equations
dy z(x) and dz _ r(x) - q(x) z(x)
dx dx
where z is a new variable.
(11) Numerov Method:

2,
k2 Wy = S

dx?

h:o2 sh?, 2 h?) 2
(L~ knv'rl ).VIHI - 2(1 ﬁTZ—kn )yn +(l *ﬁkn”] M¥o-1

12

h? | .
E(Snﬂ K
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ANSWER: ANY FOUR {(4) QUESTIONS

ALL QUESTIONS CARRY EQUAL MARKS

Planck’s constant (reduced) k= 10546x107 Js

Boltzmann’s constant k= 13810 UK
Permittivity of free space £, = 88501077 Fyy
Ulectronic charge e= Lexi0 "
Electronic charg L6x10
/
Electronic rest mass m, =910 kg
Avogadro’s Number N = 6x10™ per kg mole
¥ £

}3 P 2

(e 1y 3

7]
T xd— e x 4/74 ‘

f;--——;'*v--f;-- de = e at low temperatures,
L ie” ~ 1) 5

ai high temperatures.



a) Define the Brillouin zone. Draw the second and third Brillouin zones

for a square lattice. (5 marks)

b) The basis of the fce structure referred to the cubic cell has identical atoms at
. L. .11
000;014;10L; 110,
Show that the structure factor of this crystal lattice type is zero for
(100) and (110) reflections but non -zero for (111) reflections, (6 marks)
¢} On an X-ray powder photogragh of a cubic substance taken with copper x_,,

radiation (4 = 15 A ) lines are observed corresponding to (h° + k* + ) values of

3,4,8,11, 12, 16, 19, 20, respectively. Assign mndices to these lines and
deterniine whether the lattice is sc,bec or fec.

, . . 3 . . . . .
The density of the substance is 8 g cm™ and its molecular weight is 300. The atomic
mass unit may be taken as 1.6 x 107 g,

Taking (b* + K>+ ) =16, and sin§=05 , calculate the number of atoms per unit
cell, {14 marks})

a) Comment, briefly, on whether the Debye temperature is a constant. { 3 marks)

b) In the Debye approximation, the density of states for each polarization is
given by

. Vot
Dlw)= -
2o
in the usual notation,
(1} Using this, obtain an expression for the heat capacity of solids. {10marks)

(i)} Show that the heat capacity at low temperatures is proportional to T, (2 marks)

ives the Duleng - Petit
values,

(it} Show that at high temperatures the Debye theory gi
: (2 marks)

} At low temperatures the Debye temperature of NaCl and K, which have similar
crystal structure, are 300K and 250K respectively.
The lattice heat capacity of KCl at 4K 15 4 x 107 mol” deg™ .
Estimate the lattice heat capacity of NaCl at 4K and that of K] at 21 (Smiarks)

/2.,



1) (1) Describe the origin of the Hall effect and derive the expression for the Hall
coefhicient Ry . Hlustrate your answer with the help of a diagram. (9 marks})

(i) What nformation can we gain from the measurement of the Hall coefficient?

(3 marks)
(iil) In what way is the free electron theory inadequate m explaining the variations
between Hall coefficients of different metals. (3 marks)

) The electronic coutribution to the heat capacity of metals at low ~ temperatures is
experimentally found to be hnear in temperature and can be written as

Cci ey }l ]—'
where 5 is a constant.

Using the free electron gas model, obtaim an expression for y (12 marks)
The density of states for a free electron gas is given by

i 3N
) 2

where the symbols have their usual meaniog.

Do the calenlated values of ¥ agree well with the observed values? If not,

why? (3 marks)
1} What is a Fermu sphere as defined in the free electron theory? {5 marks)

1) Using your knowledge of the free electron model, show that for a cubic sample
of a metal the Fernu energy at OK is given by

where 1 is the concentration of electrons and all the other symbols have their usual
meanng, {10 marks)

(c) Caloulate the Fermi energy for sodivm in witich the nearest neighbour distance is

3.66 A . Sodium has a beo structure. {1 Omarks)

/3.



(a) State and prove Bloch’s theorem. {7 marks)

b) (i) With the belp of suitable diagrams, describe the origin of the gap between
energy bands in a sohid. {4 marks)

(11} What is the energy difference, in the first order, at the zone boundary between
the two bands? (10 marks)

(i) How is the gap energy related to the crystal potential? (4 marks)

a) In semiconductors there are two types of carriers. Is there any relationship between
their concentrations and if so what does it depend on? {5 marks)

b} A sample of germanium shows no Hall effect . The mebility of electrons is 2.1
times the mobility of holes in the sample.

{ 1 } Show that the Hall coefficient for the two types of carriers is given by

4 1
R o PR
R,

" epp, )

where p, u are the concentrations of holes and electrons respectively, 1, and
4, are the respective mobilities. {10 marks)

{ 1t } What s the ratio of the number density of conduction electrons to the number

density of holes for the sample described above? {Smarks)
{ 11 } What fraction of the cnrrent is carried by holes? { Smarks)

END OF EXAMINATION |
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Laplace transform pairs

S(1) F(s)
ea( i ‘

RY SR - RO -8 (0) £ 0)
dt”



Q.1 What is meant by the term "Power Rating” of an operational amplifier? - |2]

a) Derive the expressions for the general transfer function of an amplifier with
Negative Feedback. 5]

b) For the non-mverting op-amp amplifier determine the gain v,/ of the circunt
and thus find an expression for f3 (the feedback factor). [9]

¢) tising the equivalent circuit for an amplifier with a distortion signal as shown.
demonstiate that the negative reduces distortion. [9]

(32 What miormation can be obtamed form a polar plot”? (2

a) bor the circuit below find the transfer function. {10}

]

by Gmoen that the components for the aboy e circuit have the values €,
Fuk, R 100K and R. - 1K Derive the bode plot clearly mdicating the cut-
off frequencies m rad’s, 13}

What is the advantage of an active filter compared 10 a passive filier? 12]

a) Desigr a second order butterworth low pass filter with cut-oft frequency of
SkHz Drow the creunt f16]

b) For thie active bandpass filter below find the midband cam A, () value and
the midband frequency o, [13)




