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Which of the following organelles is not found in an animal cell?
Plastids
ribosomes

golgi bodies
mitochondria
plasmamembrane.
I do not know

%

A i e

Hereditary materials in Escherichia coli are located in ...
1. mitochondria.

2. plasmids.

3. the cytoplasm.

4. the cell wall.

5. nucleus.

6. 1do not know

Which of the following parts of a cell is responsible for protein synthesis?
smooth endoplasmic reticulum

microfilaments

golgi body

microtraberculae

rough endoplasmic reticulum

1 do not know

bW =

Which of the following does not contribute to keeping a polypeptide molecule in its form?
Peptide bond

Van der Waals forces

Sulphydryl bonds

Ionic interactions

Hydrogen bonds

I do not know

AN S ol e

A lipid that is partly oxidised ...

1. has a maximum number of peptide bonds.

2. has fatty acids that bend in places along the molecule.
3. has a minimum of oxygen atoms.

4. has a maximum of oxygen atoms.

5. is more hydrophilic.
6. 1do not know

Lipids are ...

1. polymers.

2. monomers.

3. micromolecules.

4. inorganic molecules.
5. macromolecules.

6. I do not know.



10.

11.

12.

How are nucleotides added to a growing polymer of ribonucleic acid?

AN BN =

. Hydroxyl group of a phosphate group to a hydrogen atom in a nitrogenous base.

. Hydroxyl group at carbon one of a ribose sugar to a phosphate group on carbon five.

. Hydrogen in a nitrogenous base to a ribose sugar.

. hydroxyl group at carbon three of ribose to phosphate group at carbon five of the next ribose
. Phosphate group at carbon five of ribose to hydroxyl group at carbon three of the next ribose
. 1.do not know

Manufacture of energy in Escherichia coli takes place in ...

S e B

the plasmamembrane.
mitochondria.

ribosomes..

the cell wall.

The chlorophyll pigments.
I do not know

Which of the following statements is not true?

AU AW

. Proteins are joined by peptide bonds.
. Nucleoside are held together by ester bonds.
. Nitrogenous bases have nitrogen in them.

Ribonucleic acid has phosphate groups as part of the molecule.
DNA has nucleotides in them.
I do not know

Which of the following levels of protein is responsible for movement of oxygen in the
circulatory system of mammals?

SRl o e

primary structure
secondary structure
Quaternary structure
tertiary sfructure.
beta pleated sheet.

1 do not know

The molecule made up of glucose and galactose is called ...

Sucrose.
amylopectin.
starch
maltose
lactose.

I do not know

ollagen is an example of a ... protein

. akind of cell
. alpha helical

. secondary
. primary
. I do not know

C
1
2
3. teriary
4
5
6



13. Which of the following nucleic acids is responsible for reading messages on mRNA.?
Deoxyribonucleic acid.

ribosomes

Transfer ribonucleic acid. .

messenger RNA

fatty acids.

I do not know

AR

14. The following sequence of nitrogenous bases is found on mRNA;

5° AACUUACGGCUGCAG3’. How is this information read?

1. 5’AAC CUU ACG GCU GCA3’

2. 5°CUU ACG GCU GCA GAAY’

3. 5GAA CUU ACG GCU GCA3’

4. 5’ AAU UAC GGC UGC AGA3’

5. 5’AAC UUA CGG CUG CAG3’

6. I do not know

15. The chemical elements in a deoxyribonucleic acid are ...

16. Lipids are processed by the ... ina eukaryotic cell.
1. plastids

2. golgi bodies

3. rough endoplasmic reticula

4. nucleolus,

5. mitochondria

6. 1 do not know

17. What type of bond is found in lipids?
glycosidic

ester

phophodiester

peptide

van der waals forces

1 do not know.

[N ol

18. Protein function is determined by ... amino acids in a polypeptide chain and is maintained by

1. the type of; its covalent bonds.

2. the number of; their sequence

3. the complexity of, hydrogen bonds.

4. the structure of the side chain of; sulphydryl bonds.
5. polar side chains of ; hydrophobic bonds.

6. I do not know.



19.

20.

21.

22.

23.

24.

The shape of a molecule ...

influences its biological function.

is sometimes dependent on its electronegativity.

is dependent in part on the angle of bonds between its atoms.
All 1, 2 and 3 are correct

is dependent on its position in the periodic table.

I do not know.

S

phospholipid molecule has a ‘head” and ‘two tails’. The tails are found ...

A
1. on the outer part of a membrane.

2. in the cytoplasm.

3. spanning the central part of a membrane.

4. where the environment of a cell is hydrophilic.
5. where the environment of a cell is hydrophobic.
6. 1 do not know.

Which of the following covalently bonded molecules are polar?
() COOH (b) HNOs, (¢) 02 (d) CO2

1. (a) and (b) '

2. (¢0)

3. (¢) and (d)

4. (d)

5. (a) and (¢)

6. 1 do not know.

Which one of the following does not depend on hydrogen bonding ...

1. cohesiveness of water.

2. formation of ice.

3. ascent of water in xylem vessels.
4. temperature maintenance.

5. polarity of water.

6. I do not know

Why is -NH, a polar group?

. Because hydrogen is more electronegative than nitrogen.

. Because amino group is not a reactive group in organic solvents.
. The bonds between nitrogen and hydrogen are ionic bonds.

. Nitrogen is more electronegative than hydrogen.

. electron sharing between hydrogen and nitrogen is equal.

. I do not know.

O\ AW

Which one of the following is not a characteristic of carbon atom?
It forms four covalent bonds around it.

It is capable of forming bonds with other carbon atoms.

It is sometimes ionic.

. It is capable of forming polymers.

. It can share two pair of electrons with another atom.

. I do not know

NI VRN



25.

26.

27.

28.

29.

30.

The group ~COOH 1s ...
. basic

nonpolar

part of nucleotides.
acidic.

a nonfunctional group.
. I do not know.

—

LR WN

Two neighbouring cells are connected by ...
1. stomata

2. plasmodesmata

3. plasmids

4. lenticels

5. channel proteins

6. I do not know

Determine the most critical characteristic for cell survival.
Cells that are large with a large vacuole.

Cell with a large mitochondrion.

Cells with an average size of one micron.

Large cells with a tiny vacuole.

Cells with a longest perimeter.

I do not know

AL A WN =

Identify the false statement.

Respiration takes place in mitochondria in all cells.

Nucleic acids are found in both prokaryotes and eukaryotes.
Ribosomes perform the same functions in all cells.

A nucleoid is a feature found in prokaryotes only.

Bacterial cell walls are more complex than plant cell walls.
I do not know

oLk LN

Which of the following terms is not correctly described?
Glycosidic bonds are found in carbohydrates.
Histones are protein molecules for support.

A plant vacuole is for storage of cell waste.

Some animal cells have tiny vacuoles.

Chloroplasts contain chlorophyll.

I do not know.

Ak L~

Where in mitochondria are the stalked particles ?
1. Stroma

2. Mitochondrial matrix

3. Inner membrane

4. In the intracristal space

5. Granum

6. I do not know.



31.

32.

33.

34.

3s.

36.

Identify the statement that is correct about chloroplasts.
Chloroplasts are capable of synthesizing their own proteins.
DNA is absent in eukaryotic organelles including chloroplasts.
Ribosomes are absent in chloroplasts.

Chlorophyll is located in the stroma of chloroplasts.

Chloroplasts are the site for intense respiratory activities of a cell.
I do not know.

Ak LN

The genetic code is said to be degenerate because ...
it uses a triplet code of bases.

a triplet code cannot be read by the ribosomes.
uracil can be used as an alternative base to thymine.
some amino acids have more than one codon.

it fails to code for all the 20 amino acids.

I do not know.

S e e

An examples of a purine is ...
1. Guanine

2. Adenine

3. Thymine

4. Uracil

5.1 and 2 above.

6. I do not know.

The polymers used as sensor receptors on the surface of cell membranes are called ...
lipoproteins.
glycolipids.
proteins.
lipids.
glycoproteins.
I do not know.

Sanbwb -~

Which of the following statements explains why water has high surface tension.
water ionizes quite readily.

water resists temperature changes.

. water is a polar molecule.

water is an organic molecule.

water expands when it freezes.

I do not know

b L

A molecule of glycerol has oxygen, hydrogen and carbon in the following numbers ...

respectively.
3:8:3

3:3:8

1:2:2

4:2:2.

2:2:4.

I do not know

S e



37.

38.

39.

40.

4]1.

42.

What is the cell theory about?

All cells come from pre-existing cells.

All cells have a plasmamembrane. ¢
All cells are microscopic.

All cells are made of atoms.

All cells have nucleic acids.

I do not know.

S .

The formation of a covalent bond between a pentose sugar and an organic base leads to the

synthesis of a ...
1. nucleotide.

2. nucleosome.
3. disaccharide
4, nucleoside.

5. dipeptide

6. 1 do not know.

Which of the following substances would cross the plasmamembrane without resistance?

(a)Oxygen (b) Water (c) Carbon dioxide
()

. (a) and (b)

. (a), (b) and (¢)

. (a) and (c)

. (b) and (¢)

. I do not know.

N =

AW

Define “energy of activation”.

1. The energy required to start a biochemical reaction.

2. The energy required to activate an enzyme.

3. The energy required to bring two reacting substances together.
4. The energy given out during a chemical reaction.

5. The energy required to inhibit a chemical reaction.

6. I do not know.

Which of the following is not a subunit of a nucleotide?
1. Phosphate

2. ribose sugar

3. purine

4. pyrimidine

5. hexose sugar

6. I do not know.

Which of the following pairs of terms is not matched?
1. Nucleus-deoxyribonucleic acid

2. Ribosome-protein synthesis

3. Cell wall-cellulose

4. Chloroplast-chlorophyll

5. Flagella-chromatin

6. I do not know



43.

44,

45

46.

47.

In the molecule given below ....

lTI .
H—C—H

!

H

. all atoms have eight electrons in the outer shell.
carbon could accept more hydrogen atoms.

carbon atom is more electronegative than hydrogen.
. carbon atom is not sharing electrons equally.

. all atoms are sharing electron.

. I do not know

Enzymes in the human body ...

. reduces the energy of activation of a chemical reaction.
. are modified during chemical reaction.

. are completely used up during chemical reaction.

. increase the activation energy of a chemical reaction.

. increase the speed of proton pumps.

. I do not know.

AN DW=

Which organelle in a cell is capable of self replication?
1. Golgi body

2. Mitochondrion

3. Endoplasmic reticulum

4. Lysosome

5. Ribosome

6. I do not know

In protein, alpha helices and beta pleated structures are associated with the ...
1. primary structure

2. tertiary structure

3. quaternary structure

5. secondary structure

6. I do not know

All of the following molecules are components of bacterial cell walls except ...
. proteins '
. lipids

. cellulose

. polysaccharides
. disaccharides

. I do not know.

[o )NV I ~NE VRN S B



48 A molecule with a high number of hydrogens in it is said tobe ...
. oxidised.

reduced. .

. more condensed.

more dehydrated.

. neutralized.

. 1do not know.

49 Which one of the following combinations is correct?
Glucose + galactose = Maltose.

Glucose + glucose = sucrose

Glucose + fructose = maltose

Fructose + galactose = lactose

Glucose + galactose = lactose

I do not know.

[ e

50 Which of the following characteristics does not represent ionic compounds?
They have high melting and boiling points.

They conduct electricity in liquid form.

They are mostly solid substances at room temperature and pressure.
They readily crumble when heated.

They are soluble in water.

I do not know.

A o o

Study the set of molecules given below and answer queations 51, 52 and 53.

CH,OH HOH,C HOH,C
o H H
H  HO on H W
HO CH,0H HO CH
OH H H OH
@ ®

51.Give the name of molecule (c) from the set of molecules given above.
Fructose

Lactose.

Galactose.

Glucose.

Ribose.

I do not know.

[ o

52. Identify the molecules that would combine to form the compound sucrose from the set of
molecules given above.

(b) and (c)

(2) and (c)

(a), (b) and (c)

None of them can combine to form sucrose.

(2) and (b)

I do not know.

S o

10



53.

54.

55.

56.

57.

Identify the structural isomer(s) of glucose from the set of molecules given above.
(a) and (b)

(a) and () ¢

(b) and (c)

(b)

(©

I do not know.

S il e

What are functional groups in molecules?

set of atoms that form bonds with other molecules.

set of atoms that determine chemical characteristics of a molecule.

set of atoms that play a part in the solubility of a molecule.

set of atoms that can sometimes be used to classify molecules.

All the above statements correctly describe a functional group in a molecule.
I do not know.

Sk~

Identify the carbon atom in the molecule given below that normally goes into a chemical
reaction with a neighbouring molecule.

(a)

(b

(©)

GY)

(e and f)

I do not know

S wpn -

Identify the circled amino acids that would form sulphydryl bridge between neighbouring amino
acids in the two polypeptide chains.

(h)and(6) a b ¢ 4 e f g h

E:g :g gg Polypeptide 13- @@@@@@@

(d) and (3) Polypeptide 2> @@@@@@
1 2 3 4 5 6 7 8

(h) and (7)
I do not know

SN~

Which of the following nucleotide chains could be part of a molecule of ribonucleic acid?.
AATTUA

GCCTUA

AATAAA

ATGCCA

AUGCCA

I do not know.

S WN -
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58 Which of the following messenger ribonucleic acid codons would stop protein synthesis?
UAG

GGC .

UAC

AAG

UCG

1 do not know.

S

59. Which of the following base pairs would not be found in a cell?
Adenine-Thymine

Cytosine-Guanine

Thymine-Uracil

Adenine-Uracil

Uracil-Adenine
I do not know.

SIS S e

60. Two molecules which are reflections of each other with the same number of atoms are called ...
1. Structural isomoers

2. Isotopes

3. Polymers

4. Stereoisomers

5. Non aromatic structures

6

. I do not know.

61. The p (1-4) glycosidic bond between two glucose molecules would result in the formation of ...
sucrose

. cellulose

maltose

lactose

. amylopectin

. 1 do not know.

auv s LN

62. A complete hydrolysis of ribonucleic acid would yield ...

1. hexose sugars, phosphate groups and nitrogenous bsases.
2. nucleosides and nunleotides.

3. nitrogenous bases, nucleosides and phosphate groups.

4. nucleotides and nitrogenous bases.

5. pentose sugars, phosphate groups and nitrogenous bases.
6

. Ido not know.

63. Which of the following statements is not correct?

Fat stores more energy than carbohydrates.

Lipids are macromolecules.

sugars are more oxidized than oils.

Saturated fats have several double bonds in their hydrocarbon cahins.
steroids are an example of lipids.

1 do not know.

AL W -
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64. Which one of the following is true about amylopectin?

65.

66.

67.

68.

69.

more 1-6 glycosidic bonds than 1-4 bonds.
Less 1-4 glycosidic bonds than 1-6 bonds. .
same number of 1-4 and 1-6 glycosidic bonds.
more 1-4 glycosidic bonds than 1-6 bonds.
amylopectin has only 1-4 glycosidic bond.

I do not know.

Sk W=

The activity of an enzyme depends on ... keeping the other factors constant.
substrate concentration

enzyme concentration

suitable pH

optimum temperature

all the factors stated above

I do not know.

A WN -

Keratin is an example of a ...
fibrous protein.
quaternary structure.
tertiary structure.
globular protein

wax

I do not know.

o el e

When enzymes are subjected to an environment with a pH of twelve, it would ...

function more actively.
deactivated.

accelerate chemical reaction.
more active sites.

recover in a short time.

1 do not know.

AN B ol e

The important parts of a eukaryotic cell are ...

the endoplasmic reticulum, golgi apparatus.

the nucleus, nucleolus and the nuclear envelope.
the cytoplasm, organelles and chromosomes.

the nucleus, cytoplasmic matrix and cell membrane.
cell membrane, cell wall and vacuoles.

I do not know.

Sk wbh =

The plasmamembrane ...

provides selective permeability to charged molecules.
allows passage to charged molecules.

is permeable to ions only:

is impermeable to charged molecules.

is permeable to hydrophobic compounds.

1 do not know.

Sk Wb =

13



70.

71.

72.

73.

74.

75.

All the following molecules could be hydrolysed except ...

deoxyribonucleic acid.
monosaccharides.
Nucleosides.
Nucleotides.

lipids.

I do not know.

-

Lipase ...

VIR S

D
1
2.
3.
4
5
6

Ho
1.
2.
3
4

5

6

is an inorganic catalyst.

can catalyse several chemical reactions.

reduces activation energy during a chemical reaction
catalyses the synthesis of proteins.

is distributed throughout the cytoplasm.

I do not know.

Explain why life forms live normally when a pond freezes.

Because organisms go into dormancy waiting for suitable conditions to return.
Some organisms are able to resist freezing conditions.

Because organisms can slow down their metabolic activities and survive.

Life forms manage to live in solid ice.

Because ice floats leaving the bottom conditions favourable.

1 do not know.

NA has a net negative charge, and therefore it is able to ...

attract negatively charged atoms.
bind to histones.

bind to phosphates.

coil into a helix.

. repel nucleosomes.
. Ido not know.

w many water molecules are produced during the formation of a nucleotide?

one
two

. three
. four
. five

I do not know.

Which of the following statements is false about DNA?

SAIRAIE Sl

It contains a sugar called ribose.

It is made up of nucleotides.

It contains guanine.

It has ester bonds.

It has a sugar-phosphate backbone.
1 do not know.

14



76. At which carbon in an aldehyde is the carbonyl group positioned?
. One

Two .

Three

Four

Five

I do not know.

S el

77. Bacterial cells were raised in a solution with an isotope of nitrogen for several generations. At
the end of the experiment the isotope was found in ...

the nuclear envelope.

cell walls.

Deoxyribonucleic acids.

Plasmamembrane.

Fatty acids.

I do not know

AR WN -

78. Amino acids exist as Zwitterion ions at their normal pH. What happens when they are in an
alkaline solution?
1. They continue to exist as Zwitterion ions.

2. They develop a net charge of zero.

The positive end of the amino acid gets neutralised.

The negatively charged end of amino acid gets neutralised.
Amino acids become positively charged.

I do not know.

A

79. DNA replication is semiconservative. This means that ...

1. Half of the daugher DNA have 50% parent DNA strands.

2. Seventyfive percent of the daughter DNA have 50% parental DNA strands.
3. All the daughter DNA have parental DNA strands.

4. All the daughter DNA have new DNA strands.

5. Fifty percent of daughter DNA molecules both have new DNA strands.

6. 1do not know

80. What process could convert an unsaturated fatty acid into a saturated one?
1. Hydrolysis.
2. Reduction.
3. Oxidation.

4. Condensation.

5. Dehydration.

6. I do not know.

15



81.

82.

83.

84.

85.

86.

What are triglycerides?

1. Lipids with three glycerol molecules.

2. Carbohydrates with three carbon atoms. .

3 Molecule that have three glycerol molecules and one fatty acid.
4. Molecules that contain glycerol and three fatty acids.

5. Triose carbohydrates.

6. I do not know.

The difference between plant and animal cells can be determined partly by the presence of ...

mitochondria in animal cells.
ribosomes in plant cells.

. cell walls in animal cells.

a plasmamembrane in plant cells.
a centriole in animal cells.

1 do not know.

oY s W N

Which of the following statement(s) is true?

1. Water is a polar substance.

2. Carbohydrates are a source of energy.

3. Enzymes are an example of globular proteins.
4. Plant cell walls are porous.

5. All the statements above are true.

6. 1 do not know.

Which of the following statements is not correct about water?
1. Water molecules are cohesive.

. Adhesive and cohesive forces of water molecules account for capillary action.

3. The density of water is greatest at 4°C.

4. Cohesive forces of water are responsible for wetting surfaces.
5. Water helps mammals to maintain a stable body temperature.
6. I do not know.

Sugars, starches and cellulose are collectively called...
. organic compounds.

. carbohydrates.

proteins.

waxes.

lipids.

. I do not know.

T N

The most abundant sugar in the bodies of humans and other animals is ...

. Glycogen.
ribose sugars.
glucose.

. fructose.

. lactose.

I do not know.

N
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87.

88.

89.

90.

91.

92.

The sugar present in milk is called ...

DA W

glucose.

maltose. ‘
sucrose.

lactose.

fructose.

I do not know.

Which of the following statements is correct?

R N

. Amino group is a functional group in fatty acids.
. A carboxyl group is always present in fatty acid molecules.
. Fatty acids do not get completely saturated.

Fatty acids are the main source of energy in mammals.
Waxes are similar in structure to fatty acids.
I do not know.

The way in which elements form bonds depends on their ...

AU s WN,

.ability to form isotopes.
. contents of the nucleus.
. number and arrangement of electrons in the atoms.

number of protons in the nucleus.
number of neutrons in the nucleus.
I do not know.

The process in which a chemical compound loses an electron is called...

AL s W

. reduction.
. reduction-oxidation reaction.
. molecular stabilisation,

oxidation.
hydrolysis.
I do not know.

Plants store glucose for metablism in the form of...

R R

A
1.
2.
3.
4.
S.
6.

. proteins.
. trglycerides.
. starch.

steroids.
chitin.
I do not know.

structural molecule in plants which is strengthened by hydrogen bonding is called ...
cellulose.
starch.
glycogen.
pectin.
amylopectin.

I do not know.

17



93.

94.

95.

96.

97.

98.

When two amino acids bond ...

. water is taken in by the product.
. hydrolysis occurs.

a dipeptide is formed.

. a monopeptide is formed.

. tripeptide is formed.

. I do not know.

AV A WN -

Lipids are distinguished from other organic molecules because they ...
are composed of fatty acid monomers.

. dissolve in water completely..

. are of one type only.

contain carbon, hydrogen and oxygen in a ratio of 1:2:1 respectively.
. are amphipathic.

. T do not know.

WA WN R~

Most enzymes ar ...
1. glycoproteins.
2. proteins.

3. lipoproteins.
4. phospholipids.
5. lipids.

6. 1 do not know.

The major components of cell membranes are ...
lipids.

protins and nucleic acids.

. phospholipids and proteins.

cholesterql and proteins.

. carbohydrates and lipids.

. 1 do not know.

- RV, U S

Amino acids are differentiated from each other by ...
. the nature of their amino group.

. the nature of their carboxylic group.

number of alpha carbons. .

structure of their side chains.

the number of peptide bonds.

. 1 do not know.

oL AW

If the sequence of bases in one strand of DNA is 5"TAGCCT3’, then the sequence of bases in
the other strand will be ...

1. 3’TCCGATS’.

2. 3’ATCGGAS’.

. 3’TAGCCTS5’.

. 3’ AACGGUS’.

3°’AUCGGAS’.

I do not know.

ov bW
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99. Which one of the following fatty acids is saturated?
1. CsH00,

2. CsHgO, :

3. C5H602 - .
4. CsH40,

5. CsHyOn

6. I do not know.

100. Starch is made from ...

B-glucose monomer units.

. a-~amino acid monomer units.
a~-glucose monomer units.

o and B-glucose monomer units.
. O~triose monomer units.

. 1 do not know.

SUEWN -

END OF EXAMINATION
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2012 ACADEMIC YEAR FIRST SEMESTER
FINAL EXAMINATIONS

BIO 2041: BASIC PHYSIOLOGY
THEORY PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER FIVE QUESTIONS; TWO QUESTIONS
FROM EACH SECTION AND THE FIFTH QUESTION FROM EITHER
SECTION. ILLUSTRATE YOUR ANSWERS WHERE NECESSARY. USE
SEPARATE ANSWER BOOKS FOR EACH SECTION.

SECTION A: Plant Physiology

1. (a) The data in Table 1 below were obtained in an experiment to study the
interaction between transpiration and xylem pressure in a maize
seedling. The seedling, with its root system immersed in nutrient
solution with osmotic potential of -0.45MPa, was set up in a
transpiration chamber where changes were induced by lowering the
relative humidity of the air until a steady state was reached between
water flow into the plant and water loss by transpiration.

Table 1. Hydraulic resistance and xylem water potential in maize roots.

Root surface area | Hydraulic root resistance| Xylem water potential
(m2) (MPas m> ) . (MPa)
7.5x 107 13x10° -0.55
Calculate:

(i) The hydraulic conductivity of the maize roots.
(ii) The volume flow density of water in the xylem

(b) Discuss water movement from the root hairs, through the stem to the
leaf-air interface in woody plant species.

2. Carbon dioxide fixation in the C; (Calvin) cycle proceeds in three phases:

carboxylation, reduction and regeneration. Write the steps of chemical
reactions involved in carboxylation, reduction, and regeneration phases.

TURN OVER



3. (a) Isomerization of Dihydoxyacetone-3-phosphate (DHAP) to
Glyceraldehyde-3-phosphate (PGAL) takes place in glycolysis as

shown below:

CH,.0H C.HO

(|3=O - H—é—OH
cle.OPof' (|:H2.0P032'
DHAP PGAL

At equilibrium the ratio of PGAL to DHAP is 0.0475 at 25 °C and

pH7.

(i) Calculate the standard free energy change for the above reaction in
kJ/ mol. (R= 8.315 J/K. mol).

(ii) If the initial concentrations were 2 x 10 for DHAP and 3 x 10° for
PGAL, calculate free energy change (AG) at these concentrations.

(b) The formation of lactate from pyruvate in cellular glucose metabolism
is a form of fermentation.

coor cCoOr

I 1

C=0 + NADH + H' PN H-C-OH + NAD"
i I

CH3 CH3

Reduction potentials for the substances involved are:
NAD" : NADH Ey = -032V
Pyruvate: Lactate E’p = -0.19V

Answer the following:

(i) Write the half (partial) reactions for the reduction of pyruvate to
lactate by NADH.

(i1) Calculate AE" for the reduction of pyruvate to lactate.

(iii) Calculate standard free energy change for the reduction of pyruvate
by NADH (Faraday constant is given as 96485 J/ V. mol.

4. (a) Compare and contrast the physiological effects of Auxin and
Gibberellin with respect to stem growth.
(b) State one commercial application of each of the above growth
hormones.

CONTINUE TO THE NEXT PAGE



SECTION B: Animal Physiology

. (a) Describe the composition of mammalian blood plasma.
(b) Explain the roles of the following blood cells in the human body:
(i) Neutrophils.
(i) Monocytes.
(iii) Lymphocytes.
(iv) Basophils.
(c) Describe carbon dioxide transport in mammalian blood.

. Discuss the roles of the pancreas and small intestine brush-border enzymes
in the digestion of proteins and carbohydrates in humans.

. Describe the major processes and mechanisms that lead to the formation of
hypertonic urine in higher vertebrates.

. Summarise each of the following:

(a) Synaptic transmission.

(b) Physiological roles of thyroid and parathyroid glands.
(¢) Roles of brainstem in the control of respiration.

(d) Respiratory dead space.

END OF EXAMINATION
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<

BIO 2051: DIVERSITY OF PLANTS
THEORY PAPER

TIME: THREE HOURS
INSTRUCTIONS: ANSWER FIVE QUESTIONS, TWO QUESTIONS FROM EACH SECTION

AND THE FIFTH QUESTION FROM EITHER SECTION. USE SEPARATE ANSWER BOOKS
- FOR EACH SECTION.

SECTION A: Algae and Bryophytes

1. Describe asexual structures of green algae and explain what could be the main reason behind their
structural and behavioural variability.

2. (a) Describe features of Oedogonium species that make them an uncommon green alga.
(b) Briefly describe sexual reproduction in this alga.

3. Describe Riccia with particular reference to:
(a) Thallus structure. ‘
(b) Reproduction and alternation of generations.

4. Describe the typical structure of a moss and indicate which structures belong to the different
generations and their ploidy levels. '

SECTION B: Tracheophytes

5. Summarize any four of the following:
(a) Dictyostele
(b) Diplohaplontic life cycle
(c) Circinate vernation
(d) Synergid cells of the Angiosperm female gametophyte.
(e) Dioecious plant.

6. Give an account of the general vegetative, reproductive and life cycle features characteristic of the
Sphenophyta.

7. Describe the characteristic features, distribution and diversity of the Angiosperm family Solanaceae.

8. Describe the angiosperm microgametophytes and megagametophytes and their interaction during
angiosperm sexual reproduction.

END OF EXAMINATION



THE UNIVERSITY QF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2012 ACADEMIC YEAR FIRST SEMESTER
FINAL EXAMINATIONS

B10O 2075: ECOSYSTEMS AND BIODIVERSITY
THEORY PAPER

TIME: THREE HOURS
INSTRUCTIONS: ANSWER FIVE QUESTIONS. ILLUSTRATE YOUR ANSWERS
WHERE NECESSARY

l.

8

(OS]

6.

Discuss the effect of light on plants.

Summarise the following:
(a) Food chain.

(b)Y A horizon.

(c) Biogeochemical cycle.
(d) Realised niche.

Discuss how the following properties of water affect the distribution and abundance of
aquatic organisms:

(a) Water depth.

(b)Salinity.

Explain:
(a) why temperatures above 50°C are termed as lethal for living organisms.
(b) how endotherms and ectotherms respond to lethal high temperatures.

Discuss the ditferent types of herbivory and their effects on plants.
Describe the structure of an ecosystem using a named example.
Discuss the level(s) at which biodiversity is assessed or studied.

Discuss the determinants of fire damage and how plants adapt (o the occurrence of fire.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
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BIO 3155: ECOLOGICAL MONITORING AND IMPACT ASSESSMENT
THEORY PAPER '

TIME: THREE HOURS
INSTRUCTIONS: ANSWER FIVE QUESTIONS, QUESTIONS ONE AND TWO ARE

COMPULSORY. ANSWER ANY THREE OTHER QUESTIONS. USE ILLUSTATIONS
WHERE NECESSARY IN YOUR ANSWERS

1. Summarise the following as commonly used in conservation biology and ecological
monitoring:
(a) Biodiversity.
(b) Stepping stone corridor.
(c) Edge effect.
(d) Meta-population.
(e) Nested subset model.

2. Describe the processes commonly adopted for the preparation of an Environmental Impact
Statement highlighting the following:
(a) Requirements for objectivity. -
(b) Need for transparency.
(c) Shortcomings of the process.

3. Describe Paine’s (1966) predator removal experiments and explain their implications in
understanding species interactions.

4. Summarise ecological mechanisms that are negatively impacted by increased habitat
fragmentation.

5. Discuss the competitive advantages that introduced species may have in comparison to
indigenous ones that lead to their dominance.

TURN OVER



6. Explain why and environmental inanagement authority may require an Envitonmental Project
Brief instead of an Environmental Impact Assessment.

L
7. Discuss the main elements of an ecological monitoring programine.

8. Describe the views of Gleason

(1926) relating to community organization and species
distribution.

END OF THE EXAMINATION
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BIO 3161: ETHOLOGY OF BIRDS AND MAMMALS
THEORY PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER QUESTION ONE AND FOUR OTHERS. ILLUSTRATE YOUR
ANSWERS WHERE NECESSARY.

1. Charles Darwin proposed that evolution by natural selection was the basis for the differences
in similar organisms. Discuss in detail any two of the following:
gb) The theory of evolution by Natural Selection as presented by Darwin.
) Natural Selection and antibiotic-resistant bacteria.
(c) Sexual selection in mammals and birds.

2. Summarise the following:
(a) Ritualization.
(b) Ivan Pavlov experiment.
(c) Genetic drift.
(d) Cooperative foraging.

3. Discuss the following concepts used in studies of ethology: -
(a) Associative learning.
(b) Kin selection. -
(c) Handicap principle.
(d) Territory.

4. Describe the main features of chemical communication in animal species, and explain how
such communication could be an essential mechanism in prey species.

5. Discuss the main areas of controversy of nature and nurture in the development of behaviour
in species.

6. Discuss how imprinting behavior could be useful in both offspring and parents in precocial
species such as ducks and geese.

7. Compare and contrast Character Displacement and Habituation in the evolution of social
species.

" TURN OVER



8. Discuss the main differences between Lamarckism and Darwinism as they relate to the
evolution of aggressive behaviour in social species.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
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2012 ACADEMIC YEAR FIRST SEMESTER
FINAL EXAMINATIONS

BIO 3161: ETHOLOGY OF BIRDS AND MAMMALS
PRACTICAL PAPER

TIME: THREE HOURS

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

1. Suppose in a court case being contested in a Ndola Resident Magistrate Court, the Ndola City
Council was being sued for having allowed a chemical manufacturing plant to be located
within a residential area. It is alleged that since the plant started operating, the incidences of
child violence in schools had increased during the same period, that this behavioral disorder
was attributed to a gas produced from the chemical plant. In a court order, the following data
were collected in two schools (near and far from the plant) for a period of five months to be
used as evidence

Table 1: The number of cases of violent behaviour in a Ndola community

Period and Number of cases of violence

Location (School) June August October January March
Near the plant 11 8 24 21 35
Far location 3 12 17 17 29

(a) From the data given above, discuss whether or not it was justifiable for the community to

have taken the City Council to court.
(b) Discuss theories that would explain abnormal behaviour in children and other species of

animals.

TURN OVER



2. A study of aggressive acts per day in two troops of Olive Baboons (Papio ursinus) gave the
following results as indicated in Table 2 below: ’

Table 2: Number of aggressive acts in each troop per day

Troop 1 Troop 2
62" 44
74 56
30 40
51 35

(a) Determine whether or not the two groups are significantly different.

(b) Discuss theories that would explain the variation in the frequencies of genes of
aggressive behaviour in these two local populations.

3. A survey of a breeding population of a bird species in Bangweulu swamp provided the

following data on clutch sizes and percent hatching success.

Table 3: Clutch size and breeding success in a selected bird species

Percent

Clutch size | Number of
’ Nests with surviving
Young after
3months
3 80 60
7 72 52
10
70 40
13
65 10

Since it is possible for the species to produce clutches up to 13, discuss why not all the
females do this, so as to pass on as many genes as possible to the offspring.

CONTINUE TO NEXT PAGE



4. Figure 1 below shows a territorial distribution of breeding male Uganda Kob (Adenota kob
thomasi Erxleben 1777) under the lekking system in Uganda Toro Game Reserve. This
breeding characteristic is common in genus Kobus, and similarly this lekking system has
been described in Kafue Lechwe (Kobus leche kafuensis Gray 1850) in Kafue Flats and in
Puku (Kobus vardoni Livingstone) in the Ludngwa valley. Territories are circular with black
dots as centers. The shaded area is a wetland (swamp) while the unshaded-area is an arena.
There are two main territorial grounds where territories are concentrated. Using the diagram
in Figl,; , -
(a) Describe the lekking system in this genus, and discuss the significance of this breeding

model in the species. A
(b) Compare this breeding model with that of the monogamous species.

Figure 1: The distribution of Lek territories of Uganda Kob in Toro Game Reserve,
Uganda. . '

END OF EXAMINATION
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BIO 3141: ECOLOGICAL METHODS
THEORY PAPER

TIME: THREE HOURS
INSTRUCTIONS: ANSWER FIVE QUESTIONS., TWO QUESTIONS FROM EACH

SECTION AND THE FIFTH QUESTION FROM EITHER SECTION, USE
SEPARATE ANSWER BOOKS FOR EACH SECTION.

SECTION A: Sampling. Experimental Methods and Design

I. Table | below provides data of an experiment involving a Completely Randomized
Design (CRD). Test the Null Hypothesis (NFH) that there are no significant
differences among the treatment means.

Table 1. Completely randomized design data.

Treatment
Replicate A 3 C D
1 2.0 1.7 2.0 2.1
2 2.2 1.9 2.4 2.2
3 1.8 1.5 2.7 2.2
4 2.3 2.3 1.9
5 1.7 2.4

9

Mean biomass (g) of grassland plants in each of 20 experimental plots is presented in
Table 2 below. Halt of the experimental plots were burned. while the other half were
not.

Table 2. Biomass (g) of grassland plants from burned and unburned experimental
plots. ‘

Unburned | 8.85 8.01 7.13 | 7.50 9.10 | 7.87 6.80 9.50 8.88

6.3

Test the Null hypothesis that there is no significant difference in mean biomass from
the two types of experimental units.

TURN OVER
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(VS

Bill length and bill depth measurements of «I3 song sparrows (Melospiza melodia),

were collected and the data are presented in Table 3. Determine the correlation
coefficient of the two dimensions and test its significance.

Table 3. Measurements of bills of song sparrows.

85190 82 191 |87 177

oo

Length (mm) |85 {81 [88 |80 |84

7.9

N
~l:

Depth (mm) 62 160 |62 |59 56 0.0 16.0 |56 (59 |58 54

A survey was conducted in which the percentage cover of a lawn by a common weed
was determined both before and after the application of a selective herbicide by
means of 400 randomly-distributed point quadrats. Totals of 160 and 120 “hits” (=
point quadrats on which the weed was found). respectively, were recorded. These
results were analyzed using a 2x2 contingency table presented in Table 4 below.
Determine whether the apparent drop in cover percentage is significant.

Table 4. Percentage cover of a lawn by a common weed prior to and after application
of a selective herbicide.

1™ Estimate 2" Estimate Total
“Hits™ 160 120 i 280
“Misses™ 240 280 520
Total . 400 400 800

SECTION B: Data Analysis Methods and Research Proposal Writing

Four different methods of growing maize were randomly assigned to different plots
of land and the yield of maize in kilograms per acre was determined for each plot. A
single-factor ANOVA was conducted using MSEXCEL" on the plot data obtained
and the results are shown in Table S.

CONTINUE TO THE NEXT PAGE
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Table 5. Single - Factor ANOVA output of maize yield grown using four
different methods.

SUMMARY

Groups Count Sum Average Variance

Method | 9 815 90.555556 | 13.277778

Method 2 10 864 86.4 14.266667

Method 3 7 670 95.714286 | 13.238095

Method 4 8 639 79.875 | 2.9821429

ANOVA

Source of o . ]
Variation A df MS r Fcrit
Between Groups 1028.6036 2.9222772
Within Groups 334.92579

Total 1363.5294

(a) Complete the ANOVA output in Table 5.

(b) Determine whether there are significant differences in maize yield grown
using different methods.

A bowling club kept the scores of husband and wife teams to determine whether
there was a correlation between their performances. The scores of ten teams were
subjected to a correlation and regression analysis using MSEXCEL" and the output
is given in Table 6.

TURN OVER
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Table 6. Correlation and regression analygis output of scores of husband and wife
bowling teams.

Regression

Statistics

Multiple R 0.5496984

R Square 0.3021683

Adjusted R

Square 0.2149393

Standard Error 21.970211

Observations 10

ANOVA _
df $S Ms | F Fcrit

Regression | 1672.0786

Residual 8 3861.5214

Total 9 5533.6
Coefficients

Intercept 39.784588

Husband's score 0.6478414

(a) Complete the regression ANOVA table.

(b) Detérmine whether there is a relationship between the performance of a
husband and wife team.

(¢) Summarise the relationship in the form of a linear equation.

(d) Determine the score of a woman whose husband scores 111 points.

An experiment consisting of sampling the air quality of homes in Lusaka was
conducted. Ten homes each from an unplanned settlement and a government housing
project were randomly sampled. The objective of the experiment was to compare
whether there were differences in the number of bacterial colonies per cubic metre of
air. The number of bacterial colonies was estimated from petri dishes and the results
are summarised in Table 7.

CONTINUE TO THE NEXT PAGE



Table 7. The number of bacterial colonies per cubic metre of air in two human
Settlements.

ﬁUnplanned Council Housing
Settlement Project
37 I
2.6 5.3
48.6 3.4
47.8 23
99.3 5.1
[.4 38.7
2.3 5
3.1 50.6
3 1.6
0.3 22.7

(a) Determine the following for each sample:
(i) SS.
(ii)  Variance.
(tti)  Standard Deviation.
(b) Determine whether there is a significant difference in the air quality from
planned and unplanned settlements using the MSEXCEL® output in Table 8.

Table 8. T-Test assuming unequal variance output of the number of bacterial
colonies in two human settlements.

Unplanned Council Housing
Settlement Project
Mean 24.54 13.57
Observations 10 10
Hypothesized Mean
Difference 0
df 14 N
t Stat 0.922812792
P(T<=t) one-tail 0.185867937
t Critical one-tail 1.761310115 B
P(T<=t) two-tail 0.371735873
t Critical two-tail 2.14478668 1

TURN OVER



8.

A Two-Factor ANOVA without replication was used to determine whether there
were significant differences in the mean yield of three varieties of wheat grown
using four different fertilisers. In the analysis. the columns consisted of fertiliser

types whereas rows consisted of wheat varieties.

Table 9. Two-Factor ANOVA output of the yicld of three wheat varieties grown
using four different fertilisers.

| SUMMARY Count Sum Average | Variance
Variety | 4 344.74 | 86.185 4.6069667
Variety 2 4 332.96 | 83.24 4.5607333
Variety 3 4 356.25 | 89.0625 4316225
Fertiliser | 3 249.71 |83.236667 | 8.8516333
Fertiliser 2 3 258.6  186.2 8.8209
Fertiliser 3 3 264.6 88.2 8.9109
| Fertiliser 4 3 261.04 | 87.013333 | 7.3896333
ANOVA
Source of
Variation AN df MS F Ferit |
Rows 67.80605 5.1432528
Columns 40.311692 4.7570627

| Error

0.1400833

Total

108.25783

i
|
I !

(a) Complete the ANOVA output in Table 9.
(b) Determine whether there are significant differences in wheat yield grown
using difterent fertilisers and among different wheat varieties.

END OF EXAMINATION
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FINAL EXAMINATIONS

BIO 3171: EVOLUTIONARY BIOLOGY
THEORY PAPER

TIME: THREE HOURS
INSTRUCTIONS: ANSWER FIVE QUESTIONS, TWO QUESTIONS FROM EACH

SECTION AND THE FIFTH QUESTION FROM EITHER SECTION. USE SEPARATE
ANSWER BOOKS FOR EACH SECTION.

SECTION A

1. Summarise the following:
(a) Neutral theory of molecular evolution.
(b) Microevolution.
(c) Gene co-option.
(d) Mutation rates in Humans.

2. (a) Bxplain why the recurrent laryngeal nerve is considered good piece of evidence for
biological evolution.

(b) Explain why the genetic code is considered an arbitrary “frozen accident” and not to
be the most ideal code by evolutionary biologists.

3. (a) State the sources of the four types of mutations that are most significant for evolution
and their evolutionary importance.
(b) Discuss the role of mutations as the ultimate source of variation in populations,

4. (a) Describe the changes in allele frequencies in the life cycle (over one generation) of an
imaginary population of mice with a locus having initial gamete allele frequencies of B1

= 0.6, B2 ='0.4, subsequent zygote population size of 100 and phenotype survival rates of

100% for B1B1, 75% for B1B2 and 50% for B2B2. State the working assumptions.

(b) State the implication of the changes in allele frequencies in (a) on conclusion 1 of the
Hardy-Weinberg equilibrium principle.

TURN OVER



SECTION B

. Study the skulls 1 - 3 and then answer (a) — ) .

Figure 1: Skulls of different hominoid species.

(a) Identify the skull of Homo sapiens and that of Homo neanderthalensis and explain the
criteria you have used in your identification.

(b) Briefly describe the major adaptations that have taken place since the split between
the last common ancestor of humans and the great apes.

(c) Comment on the challenges of encephalisation in modern Homo sapiens.

. (a) Differentiate between material and intangible human culture.

(b) Briefly describe the various stages of human cultural evolution.

(c) Differentiate between cultural evolution and evolution through natural selection in
humans.

. (a) Discuss the evolutionary relationships between Homo sapiens, their ancestors and the
modern apes.
(b) Discuss the two models of global human dispersal.

. (a) Using two named examples of each, differentiate between Batesian mimicry and
Mertensian mimicry as two evolutionary survival strategies.

(b) Summarise two other types of mimicry.
(c) Distinguish between mimicry and camouflage.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2012 ACADEMIC YEAR FIRST SEMESTER
FINAL EXAMINATIONS

BIO 3231 MOLECULAR BIOLOGY
THEORY PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER FIVE QUESTIONS, TWO QUESTIONS FROM SECTION A,

TWO QUESTIONS FROM SECTION B AND A FIFTH QUESTION FROM EITHER

SECTION. ILLUSTRATE YOUR ANSWERS WHEREVER NECESSARY.

SECTION A
1. Explain the reasons why many geneticists favoured protein over DNA as the genetic
material before 1940.

2. Describe Griffith’s experiment that contributed to the criteria necessary for identifying
hereditary material.

3. Describe the different forms of DNA that have been recognized under different conditions.

4. Below is a sequence of ribonucleotide residues in a primary m-RNA transcript.

I |

3 2
5 i :’Z ? ‘{ ? ? '17 ? ‘; XI{B 331 E{Z 13 14 iiﬁ, 16 17 18 19 20 21 22 23
AUGCAGU&(ZAUG{Z]CU(E(!“ifg_i,lilc{lzl\l
1y = Intron 1 L= Intron 2

(a) Draw the mature m-RNA sequence that would be derived from post-transcriptional
processing of the primary transcript.

(b) Describe the various steps that are taken in the process in (a) above.

TURN OVER
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SECTION B
5. Table 1 shows the effects of two mobile genetic elements (Ac/Ds) on the expression of the
anthocyanin-coding genes of Zea mays plants. All the plants were heterozygous for the

anthocyanin-coding genes. Study the table carefully and then answer (a) and (b).

Table 1. Effects 6f Ac/Ds on the expression of anthocyanin-coding genes in Zea mays

Scenario | Genotype | Alleles affected by Ac/Ds Stage of seed development
1 CC'Bz bz | No allele was affected Early

2 CCBz bz | Only allele C' was affected Early

3 CCBz bz | Alleles Bz and C' were affected | Late

4 CCBz bz | Alleles Bz and C' were affected | Early

(a) Explain the functions of alleles C, C', Bz and bz.

(b) Predict the colour of most seeds under each of scenarios (1) — (4) and justify your colour
prediction under each scenario.

6. (a) Briefly describe the processes of chain initiation and elongation during translation in
prokaryotes.

(b) Explain, using one human example, how protein misfolding leads to disease developmeht.

7. (a) Differentiate between regulation of gene expression in prokaryotic and eukaryotic
organisms.

(b) Explain the role of RNA interference in the regulation of eukaryotic gene expression.
8. (a) Explain the regulation of alternative pre-mRNA splicing in eukaryotes

(b) Explain how the expression of the glycoprotein hormone’alpha subunit is regulated in
mammals.

END OF EXAMINATION
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2012 ACADEMIC YEAR FIRST SEMESTER
FINAL EXAMINATIONS

BIO 3261: PLANT AND ANIMAL TAXONOMY
THEORY PAPER

TIME: THREE HOURS
INSTRUCTIONS: ANSWER FIVE QUESTIONS, TWO QUESTIONS FROM EACH

SECTION AND THE FIFTH QUESTION FROM EITHER SECTION. USE SEPARATE
ANSWER BOOKS FOR EACH SECTION

SECTION A: Biological Taxonomy, Nomenclature and Classification

1. In biological nomenclature, a type is defined as an element or specimen on which the
description associated with the original publication of a name of an organism is based.
Distinguish the following nomenclatural types:

(a) Neotype.

(b) Allotype.

(c) Syntype.

(d) Holotype.

(e) Paralectotype.

2. (a) Discuss the basic tenets of the botanical, zoological and bacteriological codes of
nomenclature.
(b) Indicate the major nomenclatural publications that are considered important and
whose publications dates are taken as the start dates for the codes.

3. Explain the Splitter and Lumper approaches to biological classification and why the two
schools of thought cannot agree on one approach to the classification of organisms.

4. Explain the significance of biological taxonomy in relation to:

(a) Other disciplines of biology and sciences.

(b) Understanding the evolutionary processes.

(c) Prediction of characteristics of yet-to-be-discovered organismal species.
(d) Study of effects of anthropogenic factors on biodiversity.

SECTION B: Plant and Animal Nomenclature and Classification

5. Describe the major characteristic features, distribution and diversity of the family
Aristolochiaceae.

TURN OVER



6. Discuss the International Code of Zoological Nomenclature (ICZN), indicating purpose,
types of organisms covered by the code and the significance of it’s start date.

7. Discuss the taxonomically important terminolog}‘/ relating to angiosperm floral whorl
composition, flower part fusion and ovary position.

8. One Zoologist was heard saying that, “the current consensus is that Chordates are
monophyletic, meaning that the phylum Chordata contains all and only the descendents of
a single common ancestor which is itself a Chordata”. Argue for or against this statement.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2012 ACADEMIC YEAR FIRST SEMESTER
FINAL EXAMINATIONS

BIO 3261: PLANT AND ANIMAL TAXONOMY
PRACTICAL PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER ALL QUESTIONS, QUESTIONS ONE AND TWO IN ONE
ANSWER BOOK AND QUESTION THREE IN A SEPARATE ANSWER BOOK.

1. Construct a dichotomous taxonomic key for the identification of animal specimens A — J
provided.

2. Examine animal specimens K — P closely and identify six taxonomic features that unify
the animal specimens as members of a single named taxon above the rank of species.

3. Using the taxonomic key provided, identify plant specimens Q - U provided, indicating
the steps followed in the identification process.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2012 ACADEMIC YEAR: FIRST SEMESTER
FINAL EXAMINATIONS

BIO 4391 FRESHWATER ECOLOGY
PRACTICAL PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER ALL QUESTIONS.

1. Table 1. below shows results of an ecological investigation for a lake where temperature
measurements were recorded for one year at different depths. Using the results in Table 1,
answer the questions below:

Table 1. Results of temperature in different months and depths of a lake

Month Values of Temperature (°C) in at different depths

Jan ololoJoJo [t J2 1313 [3 (3 |3 |3 |3 |3 3 |3
Feb 0 lolo o |1 [2 [3 {3 |3 {3 {3 |3 |3 |3 {3 |3 |3
Mar 3 1313 |3 |3 |3 |3 |33 ]33 {3 (3 (3 |3 |3 |3
Apr 2 14 |4 |4 |4 |4 [4 1414 [4]4 (4 |4 (4 (4 |4 |4
May 101818 16 |5 [45]4 |4 |4 |4 |4 |4 [4 14 (4 |4 |4
Jun 1811511018 |6 |5 |4 |4 |4 [4 [4 [4 |4 |4 |4 |4 |4
Jul 5115112]1211018 [5 [4 [4 |4 [4 |4 |4 |4 |4 |4 |4
Aug 211211211018 |5 |5 |4 [4 |4 [4 [4 |4 14 |4 [4 |4
Sep 1018 18 16 |5 |45(4 [4 [4 |4 14 |4 (4 |4 |4 |4 |4
Oct 3 13 1313 13 |3 |3 {3 {31313 |3 |3 |3 |3 3|3
Nov 0o loloJo |1 [2 (3|3 [3 (33 |3 {3 |3 ]33 |3
Dec 0 lololo o 11 2|33 1313 |3 |3 |3 |3 |3 |3
Depth [0 |1 |2 |5 |8 [10 | 15]20 25 30{35140 |45 |50 60 |70 |80
(m) Bottom

(a) Construct an appropriate depth- time diagram that could be used in describing the
lake’s thermal regime.
(b) Using the diagram constructed in a) above, provide a detailed description of the thermal
regime for the lake under investigation.
(c) According to the classification of lakes based on thermal regime name the type of lake that is
being investigated. ’

TURN OVER



e

2. Figure 1 belowis a bathymetric map of lake that is investigated. Given that the total surface of
the lake is 1,884 m? and areas corresponding to each depth are provided in Table 2.
(a) Estimate the total lake volume. ’
(b) Construct a an appropriate hyposographic depth-‘ area curve.
(¢) Construct an appropriate hyposographic volume — depth curve.

Table. 2. Areas of the lake corresponding to each depth.

Depth (m) | 5 10 15 20 25 30 34
Area (m’) | 1680 1612 1586 1474 1288 | 892 226

il bt
Blogs perfp et EER T RALN

Fig. 1 Bathymetric map of a lake
The volume and shore can be estimated from the formula

V= ML[A;+ As (Al x A

PROCEED TO THE NEXT PAGE



3. A limnologist is assigned to provide a detailed description of a given lake. He chooses to take
the following measurements in summer at different depths: temperature; dissolved oxygen
concentrations; and densities of the most abundant phytoplankton species during the early
summer phytoplankton bloom. The resuits obtained ar& shown in the Table 3 below.

Table 3 Values of temperature (°C), dissolved oxygen and concentrations of Melosira sp
(cells per cm?) at different depths.

Depth 0 1 2 |5 |7 |10]12]15(20 [25({30 |40 50 60 70 80 90
(m) '

Temp °C | 25.5 |25 [25125]25]25]2524]20 16155155 155115511551155} 155

O,mgl’ |4 4515 |6 |8 |8 |12]14|8 |7 |2 |1 (0 jo jo (0 ]O

Melosira | 19 25 [ 28130 (50|60|84 |98 150 | 75|30 15 15 15 15 15 15
sp

(a) Construct appropriate diagrams and curves that would be useful in describing the relative
productivity of the lake.

(b) Based on curves constructed in (i) above assess the relative productivity of the lake being
Described.

(c) Assess the effect of light on the primary productivity.

END OF THE EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2012 ACADEMIC YEAR: FIRST SEMESTER
FINAL EXAMINATIONS

BIO 4391: FRESHWATER ECOLOGY
THEORY PAPER

TIME: THREE HOURS
INSTRUCTIONS: ANSWER FIVE QUESTIONS. QUESTIONS ONE AND TWO ARE

COMPULSORY. AND ANSWER ANY THREE OTHER QUESTIONS.
USE ILLUSTRATIONS IN YOUR ANSWERS.

1. Summarise the following in relation to relative productivity of aquatic ecosystems:
(a) Shoreline development.
(b) Secchi disk depth.
(c) Salinity.

2. (a) Discuss the vertical distribution of oxygen under thermal stratification in a warm
~ mesotrophic lake.
(b) Give reasons for anaerobic hypolimnion in a deep oligotrophic lake.

3. Describe the main sections of aquatic habitats and the type of organisms that are common in
each section. : :

4. Discuss the circulation of nitrogen in freshwater ecosystems.
5. Compare and contrast tectonic lakes and those formed by glaciations.

6. Summarise effects of the following on seasonal succession of phytoplankton in a
warm monomictic lake:
(a) Winter isothermy.
(b) Mid summer thermal stratification.

7. (a) Describe a method for determining aquatic primary productivity that uses radioactive
carbon dioxide.
(b) Discuss limitations of the method in (a) above for measuring primary productivity.

8. Compare and contrast characteristics of organisms common in lakes and those of river
ecosystems. '

END OF EXAMINATION
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BIO 4415: IMMUNOLOGY
THEORY PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER FIVE QUESTIONS. ILLUSTRATE YOUR ANSWER

WHERE NECESSARY

1. Compare and contrast the innate and adaptive components of the immune system.

2. Explain the general structure, roles and classes of the Major Histocompatibility Complex
(MHC) in the development of cell mediated immune response.

. Discuss the different pathways of complement activation that occur during microbial
infection.

. Describe the nature, structure, function and classes of antibodies.

. Describe the major events of an inflammatory response that are initiated by the
immune system as a protection against bacterial infection and tissue injury.

. (a) Discuss the clonal selection and clonal expansion mechanisms when an antigen binds
to a B-cell

(b) Distinguish between a primary and secondary humoral immune response to an
antigen.

. Contrast the properties of professional Antigen Presenting Cells (APCs) that
affect their abilities to present antigen to induce T-cell activation.

. Explain how hematopoiesis gives rise to the various cells that make the immune system
function. Give a detailed account of this process.

END OF EXAMINATION
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2012 ACADEMIC YEAR FIRST SEMESTER
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BIO 4471: PLANT-INSECT RELATIONSHIPS
THEORY PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER FIVE QUESTIONS, TWO QUESTIONS FROM EACH
SECTION AND THE FIFTH QUESTION FROM EITHER SECTION. USE
ILLUSTRATE YOUR ANSWER WHERE NECESSARY. USE SEPARATE ANSWER
BOOKS FOR EACH SECTION.

SECTION A
1. Discuss co-evolution of insects and plants.
2. Discuss with examples patterns of host-plant use by insect herbivores.

3. Summarise the following:
(a) Secondary plant products.
(b) Plant defenses against insects.
(c) Insect galls.
(d) Figs and fig wasps.

4. Discuss the process of host-plant selection in phytophagous insects.
SECTION B
5. Summarise the following in relation to insect-plant interactions:
(a) Plant stress hypothesis.
(b) Effect of late successional plants on insects.
(c) Host quality.
(d) Honeydew production.

6. Discuss the effects of insect herbivory on plant performance.

7 Discuss the role of bees and ants in ecosystems in the context of insect- plant
interactions.

8. Discuss the role of vegetative diversity in the regulation of insect-plant interactions.

END OF EXAMINATION
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TIME: 1 HOUR 30 MINUTES

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

1. You are provided with vertebrate organs labelled Al to A5 obtained from specimen
A also provided.
(a) State the phylum, class, and order to which the specimen belongs.
(b) Explain how the specimen is best suited to live in its natural habitat.
(c) State the names of the organs Al to AS.
(d) Describe the functions of the organs Al to AS.

2. Examine carefully figures Bl to B4 provided. For each figure:
(a) State the name of the vertebrate structure represented.
(b) Identify all the numbered parts.
(c) State the function(s) of each of the numbered parts.

3. Study figure C carefully.
(a) State the name of figure C.
(b) Identify all the numbered parts.
(c) State the function(s) of each of the numbered parts.
(d) Give four examples of vertebrates that possess figure C.

END OF EXAMINATION
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TIME: THREE HOURS

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

1. Discuss the variations in structure and function of the vertebrate urinary systems.

2. Summarise the following:
(a) Mammalian dermal composition.
(b) Buccal pumping.
(c) Morphogenetic movement patterns involved in gastrulation.
(d) Coronary circulation.

3. Describe the embryogenetic process of organogenesis in vertebrates.
4. (a) Discuss the evolution of muscles in mammals that are lacking in other
vertebrates.
(b) Outline the functions of each of the pairs of cranial nerves in the human body.

5. Compare and contrast the pattern of cleavage in avian and mammalian eggs.

6. Describe the stages and mechanisms involved in the process of endochondrial
ossification in mammals.

7. Explain how the reptilian integument has adapted to the harsh terrestrial
environment.

8. Discuss the morphological variation and replacement of teeth in vertebrates.

END OF EXAMINATION
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INSTRUCTIONS: ANSWER FIVE QUESTIONS. ILLUSTRATE YOUR ANSEWERS
WHERE NECESSARY

1. Describe how the following fungi form their asexual spores.
(a) Saprolegnia.
(b) Neurospora crassa.
(c) Aspergillus niger.

2. Summarise with the aid of an appropriate graph, growth phases that occur in a fungus
population maintained in a batch culture.

3. (a) Describe the growth zone structure of a hypha.
(b) Explain how the apex of a fungal hypha grows by extension.

4. Describe septal structure in the following groups of fungi:
(a) Zygomycota.
(b) Ascomycota.
(c) Mitosporic fungi.
(d) Basidiomycota.

5. (a) Describe extracellular digestion in filamentous fungi.
(b) Explain how fungi utilise natural crystalline cellulose as a source of carbon.

6. (a) Describe the structure of a typical hypha.
(b) Describe the following modifications of hyphae and comment on their role.
(i) Hyphal traps.
(ii) Infection structures.
7. Compare and contrast conidiophore morphology in Aspergillus and Penicillium species.

8. Describe thallus structure and reproductive strategies in Saprolegnia.

END OF EXAMINATION
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TIME:

THREE (3) HOURS

INSTRUCTIONS TO THE CANDIDATES

1.

2.

7.

Indicate your student ID number and TG number on ALL your answer booklets.
This examination paper consists of two (2) sections: A and B

Section A has ten (10) short answer questions. Questions carry equal marks.
(Total marks = 40).

ANSWER ALL QUESTIONS IN SECTION A IN THE MAIN ANSWER
BOOKLET

Section B has five (5) long answer questions. Questions carry equal marks.
(Total marks = 60).

ANSWER QUESTION B1 and ANY THREE QUESTIONS, EACH IN A
SEPARATE ANSWER BOOKLET.,

ATTEMPT ALL QUESTIONS IN SECTION A; AND B1 AND ANY OTHER
THREE QUESTIONS IN SECTION B.

YOU ARE REMINDED OF THE NEED TO ORGANISE AND PRESENT
YOUR WORK CLEARLY AND LOGICALLY.

ENSURE that you have seven (8) printed pages and Periodic Table.

ADDITIONAL INFORMATION TO THE CANDIDATES:

Useful data is printed on page 8.
Periodic table is printed on the last page.




SECTION A ANSWER ALL QUESTIONS

QUESTION Al ¢

One molecule of an organic compound has molecular mass of 146.16 amu, and has the
following data:

C H 0
Mole 9.96 x 10* mol 16.6 x10** mol | 6.64x10% mol
Ratio of moles

(a) Copy and complete the Table above in your answer booklet,
(b) Write the empirical formula of the compound.
(c) What is its molecular formula?
(4 marks)

QUESTION A2

Powdered zinc and sulfur react in an extremely rapid, exothermic reaction. Calculate mass of
S required to react completely with 6.541 g of Zn according to the reaction below.

Zn(s) +S(s) — ZnS(s)
(4 marks)
QUESTION A3 ‘

A 0.5813 g of an alkane, CyHypio, gas filled a 0.2500 L flask at a temperature of 297.55 K and
a pressure of 742,56 torr. Determine the molar mass of the alkane.
(4 marks)

QUESTION A4

Magnesium was added to hydrochloric acid, and produced 5.25 L of hydrogen gas, ata
temperature of 52.0 °C and a pressure of 0.987 atmospere, according to the reaction below.
What mass of Mg was used in this single displacement reaction?

Mg(s)H+ 2HCl(aq) — MgCl(s}+ H, (g) (4 marks)
QUESTION A5

In the Balmer series of the hydrogen atom, the first emission line is observed at a wavelength
of 656.3 nm.
(a) Calculate the value of the Rydberg constant,
(b)  Calculate the energy of one mole of quanta emitted during the transition.
(4 marks)



QUESTION A 6

The following is a schematic diagram for the first five energy levels of the hydrogen atom.

n=35

‘En n=4
l n=3
n=2

n=1

Reproduce the diagram in your answer book. On the diagram draw and label arrows to show:

(a) A transition to the ground state. Label it A

(b)  The transition which would generate the spectral line of longest wavelength. Label it B.

(¢)  The transition which would generate the spectral line of shortest wavelength. Label it C.

(d)  The transition for the spectral line of longest wavelength in the Paschen series. Label it D.
(4 marks)

QUESTION A7

Consider the molecule carbon dioxide.
(a) Write its Lewis diagram.
(b) What is the geometry of the molecule?
(¢)  What are the magnetic properties of the molecule; that is: is it paramagnetic or
diamagnetic? Explain your answer.
(4 marks)

QUESTION A8

A functioning cell is made by coupling the following reactions:

Ga*'(aq) + 3¢ —» Ga(s),

Mn**(aq) + 26 —» Mn(s)

(a) What is the voltage of the cell when it operates under standard conditions?
(b)  What is the Gibbs free energy of the cell?

(4 marks)
QUESTION A9

The so called “noble” metals like gold are given this fancy name primarily because they do

not corrode. Explain why gold does not corrode but iron corrodes when they are exposed to a
wet and aerated acidic or basic environment.

(4 marks)



QUESTION 10

Write the reactions, if any, that occur when the followmg substances are mixed. In each case
briefly explaln your answer.
(@ iron metal with aqueous zinc(II) jons
(b)  aqueous iron(IIl) ions with aqueous chromium(II) ions
(4 marks)



SECTION B ANSWER B1 AND ANY OTHER THREE QUESTIONS

QUESTION Bl
(a)  Intitrations, what is meant by term primary standard? (3 marks)
(b) A student standardized potassium permanganate, KMnQ,, using a 19.60 g/L

FeS04(NH,)SO4.6H,0 , (molar mass =392.21 g/mol) standard solution.

A 20.00 mL of the standard solution, acidified with H>SO4 was put in a conical
flask. A titre volume 15.50 mL of KMnO, solution was required to reach the end-
point.

The titration reaction is

5Fe** (aq) + MnOj (aq) + 8H" (aq) - 5Fe** (aq) + Mn > (aq)+4H,0()

@) Calculate the molarity of the standard solution. (3 marks)
(i)  Why was it necessary to acidify the standard solution before titration?
(3 marks)
(iii)  Write the mole-mole relationship involving the reactants in the above reaction.
(2 marks)
(iv)  Determine molarity of MnOj (aq) in the burette. (4 marks)
QUESTION B2

A 0.263 g sample of impure iron, containing an unreactive impurity, was reacted with an
excess of hydrochloric acid. All of the iron in the sample reacted, evolving hydrogen gas
and forming a solution of iron(IT) chloride. The volume of hydrogen evolved was 102 cm’,
measured at 298 K and 110 kPa.

The percentage, by mass, of iron in the sample can be determined using either the volume of
hydrogen produced or by titrating the solution of iron(II) chloride formed against a standard
solution of potassium dichromate(VI).

(2)

(b)

@) Write an equation for the reaction between iron and hydrochloric acid.

(1 mark)
(i)  Calculate the number of moles of hydrogen produced in the reaction.

(3 marks)
(ili)  Use your answers to parts (a)(i) and (ii) to determine the number of moles of

iron and the mass of iron in the original sample.

(2 marks)

(iv)  Calculate the percentage of iron in the original sample. (2 marks)

(i)  Write half-equations for the oxidation of Fe?* and for the reduction of
Cr, 02" in acidic solution, and use these to construct an overall equation for
the reaction between these two ions. (3 marks)

(i)  The number of moles of iron in the sample was determined in part (a)(iii).
Use this answer to calculate the volume of a 0.0200 moldm™ solution of



potassium dichromate(VI) which would react exactly with the solution of
iron(II) chloride formed in the reaction. (1 mark)

(iii)  Use the electrode potential values to explain why an incorrect value for the
number of moles of iron(II) chloride formed would have been obtained if the
original solution had been titrated with potassium manganate(VII).

(3 marks)

QUESTION B3

2
The energy of a hydrogen like atom is given by E, = - RH%; ,where Ry = -2.18 x 107"%),

Consider the Periodic Table Group 1 multi-electron element sodium whose first ionization
energy is 8.24 x 10"°J. In a multi-electron atom such as sodium, electrons experience what is
termed “the effective nuclear charge”.

(a) What does the letter Z stand for in the formula for the energy of a hydrogen like

atom? (1 mark)
b) Briefly explain what is meant by, or define, the term “the effective nuclear charge”.
(2 marks)

(¢)  Write an equation that defines the first ionization energy of the sodium atom. Is the
ionization reaction a reduction or an oxidation? Briefly explain your answer.

(2 marks)
(c)  Write the electron configuration of sodium. Which are the valence electrons?

(3 marks)
(e) Calculate “the effective nuclear charge” felt by the valence electrons. (4 marks)

® Compare “the effective nuclear charge” that you calculated in part e) of this question
with the expected “the effective nuclear charge” as you explained or defined in part b)
of this question. Explain your answer. (3 marks)

QUESTION B4

Given the following standard reduction potentials for the species that contain chlorine in
basic solutions '

+033V 0
c10;5 ociy +066V - E c1,+ 136V o

+0.88V
(a) Calculate the missing electrode potential, E°, in the diagram. (4 marks)
(b) Predict whether following reaction is spontaneous.
Cl;, — OCI +Cr
Give the balanced reaction. (3 marks)
(c) What is electron affinity? (2 marks)



(d) The electron affinities, (EA), of some Period 2 elements are given below

Element B C N Q F Ne

EA(KImolT)y |+27 | +122 |7 |+141 | +328 | <0

(4 marks)

@) Explain the observed trend in the electron affinities of these elements.
(i)  Explain why the electron affinity of nitrogen differs with the observed trend.

(¢) Draw a labeled sketch diagram, on the Cartesian coordinate system, the shape of an
orbital with following set of quantum numbers:n=3,/=1, m=0
(2 marks)

QUESTION B5

Consider the following reaction:
2MnOj4(aq) + 5Zn(s) + 16 H;0"(aq) ——» 2 Mn**(aq) + 5 Zn**(aq) + 24 HLO(l)
The reaction has Egeyy =+ 2.27 V and its equilibrium constant K = 10%% at 25° C.

(a) What is the oxidation number for Mn in MnOj} ? (3 marks)

(b) How many electrons are transferred in this reaction? (3 marks)

(c) Would you expect a large quantity of MnOj ions at equilibrium at 25° C? Explain
your answer. (3 marks)

(d) Calculate the voltage that the cell generates at 35° C when it operates under the
following conditions: [MnOZ] = 0.503£; [H;0"] = 1.00M; [Mn?*] = 0.25M; and [Zn®']
=0.1M

(6 marks)

END OF EXAM



USEFUL DATA
Avogadro’s constant, Na = 6.022 x10% mol™!
Molar volume of gas at STP = 22.4 dm® mol’!
Planck’s constant, h = 6.626 x103*J s
Rydberg constant, Ry = 1.097 x10” m™
Speed of light, ¢ =3.00x 10 m s
Mass of an electron, me=9.11 x10°! kg
1eV=1.602x10"7J
1Joule=1J=1kgm?s?
Gas constant R
8.3145 J mol TK"!
0.083145 L bar mol™ K
0.08206 L atm mol” K
62.364 L torr mol K
62.364 L mmHg mol' K™
Pressure
1atm =1.01325x 10° Pa
1.01325 x 10°N m™

= 760 torr

=760 mmHg

=1.01325 bar
1 bar = 1.00000 x 10° Pa

= 1.00000 x 10° N m™

Auf(aq) + 3¢ — Au(s)

Ox(g) + 4H'(aq) + 4 —> 2H,0(l);
0x(g) + 2H,O(l) + 4¢¢ —> 40H'(aq);
Cr'(aq) + 3¢ —» Cr(s);

2H,0(l) + 2¢¢ —> Hy(g) + 40H (aq);
Avrt(aq) + 3¢ — Au(s)

Co*(aq) + 2¢¢ —» Co(s);

Fe’'(aq) + 2¢¢ —» Fe(s);

Ga*'(aq) + 3¢ — Ga(s)

2H,0() + 2¢¢ —> Ha(g) + 40H (aq);
Mn**(aq) + 20 —> Mn(s)

Fe’*(aq) + 3¢ —> Fe(s):

anj(aq) +2e—> Zn(s)

Cr*(aq) +2 e~ —» Cr(s)

Fe’*(aq) +¢ —»  Fe®'(aq)

Cr,07 + 14H'+ 66~ —> 2Cr* + TH,0

MnO; (ag) +8H" +5¢ — Mn** (ag) + 4H,0())

E'=+1.40V
E°=+1.23V
E°=+0.40 V
E°=-0.74V
E°=-0.83V
E'=+1.40V
E°=-028V
E°=-0.44V
E°=-0.53V
E°=-0.83V
E°=-1.18V
E°=-0.04V
E°=-0.76 V
E°=-091V
E°=+0.77V
E® =+1.33
E°=+1.52
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C 205: ANALYTICAL AND INORGANIC CHEMISTRY
TIME: THREE HOURS.

INSTRUCTIONS:

I e

THIS PAPER CONTAINS FIVE QUESTIONS

ANSWER ANY FOUR QUESTIONS

EACH QUESTION CARRIES 15 MARKS

SHOW ALL YOUR WORKING CLEARLY

ESSENTIAL DATA TABLES ARE ATTACHED TO THE QUESTION PAPER.

Question 1.

().

(b).

(c).

().

In 1964, a new compound composed of potassium, molybdenum and cyanide, with
formula K,Mo,(CN) , was reported. Chemical analyses showed the presence of
25.51% K and 31.54% Mo. Determine the empirical formula of the compound.

Ethylene diamminetetraacetic acid (EDTA, H,Y) has the following dissociation constants

pKai = 2.008; pKa = 2.683; pK,3 = 6.098; and pKys = 10.181.

(i)  Write down equilibrium constant expressions for the second dissociation of the
acid.

(i)  Calculate the K, value for the acid.

The use of octane enhancing additives leads to the accumulation of metals such as lead,
on the leaves of plant growing by the road-side. The lead content of leaf samples was
measured spectrophotometrically by reaction with dithizone. The standard deviation for a
triplicate analysis was 2.3ppm. What is the 90% confidence limit?

Deduce the structures of the complexes [Ni(CO),] and [Ni(CN)s]* using Valence bond
theory.

Question 2.

(a).

(b).
(c).

Lead iodate, Pb(IO; 3)2 is an example of a sparingly soluble salt with a solublhty

product of 2.6 x10™'? in aqueous medium.

(i) What is meant by the term ‘sparingly soluble’

(i) When 35ml of a 0.150 M lead nitrate, Pb(NOs), solution was added to 15ml of a
solution of 0.0800 M potassium iodate, KIO;, a precipitate was formed. What precipitate
is it?

(iii) What is the concentration of Pb™ ions in the equilibrium mixture?

Using M.O diagram indicate paramagnetic nature of B, and non existence of He,.

In the nuclear industry, detailed records are kept of the quality of plutonium received,
transported or used. Each shipment of plutonium pellets received is carefully analyzed to
check that the purity and hence the total quantity is as the supplier claims. A particular
shipment is analyzed with the following results: 99.93, 99.87, 99.91 and 99.86%. The
listed purity as received from the supplier is 99.95%. Is the shipment acceptable with 95%
confidence?

1lPage



Question 2(Continued).

(d).

(i)  Describe the ingredients you would use to prepare a buffer solution that can be used
at values less than pH 7.

(i) Calculate the pH of a buffer solution prepared by adding 10.0 m! of 0.20 M acetic
acid to 40.0 ml of 0.50 M sodium acetate.

. Question 3.

(a).
(b).

(c).

(d).

What is Inorganic benzene? Comment on its reactivity.

A batch of cough mixture was weighed to determine if they fell within acceptable
standard control guidelines. The individual weights were: 127.2; 128.4; 127.1, 129.0 and
131.1g.

(i)  Determine whether the last weight is an outlier datum at 99% confidence level.

(ii) Compute the standard deviation of the mean.

An iron ore is analysed for iron content by dissolving in acid, converting the iron to Fe*',
then titrating with standard potassium dichromate (0.0150 M) solution. If 35.6 mL titrant is
required to titrate the iron in 1.85 g of an ore sample, how much iron is in the sample
expressed as milligrams of Fe,Os correct to 3 significant figures?

If 5.82 g of KHC,04.H,C,04 (three ionisable protons) havmg 10% inert impurities, and
3.02 g of KHCsH4O4 (one ionisable proton) are dissolved in water and diluted to 500 cm’,
what is the normality of the solution assuming a complete ionisation.

Question 4.

(@)

(b)

©

@d).

When the strong cleaning agent “trisodium phosphate” is mixed with household vinegar,
which contains acetic acid, the following equilibrium is established:

PO43'(aq) + HC;H303() =2 HPO42'(aq) + CoH3044q). Identify the pairs of conjugate acids
and bases involved.

Classify, with justification, the following reactions as either redox or not redox
(i) 2Ag+Cl, = 2AgCl

(i) 2H;+ 0, =>» 2H0

(iii) Ag"+2NH; = Ag(NHs3),"

Compare the ionization energy of Ca to that of Zn. Explain the difference in terms of
balance between shielding with increasing number of d electrons and effect of increasing
nuclear charge.

A new method of determining oxyphen butazone gave 99.35% recovery (variance 0.1835).

The standard method gave 99.53% recovery (variance 0.152). In each case three replicate
measurements were made. Test whether the two means differ significantly at the 95%

confidence level.

Question §.

(@)

Complete and balance the following redox reactions which occur in acid aqueous

solution:

6] Cr,07% + BrOs + H;0O = Br, + Cr?+ H,0 given that E° for Cr,0,%/Cr*" =1.33v;
and, E° for BrO; / Br, = 1.52v.

(i). NOs +Cu = NO; + Cu*" + H,0
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Question 5 (Continued).

(b).  Phthalic acid is a diprotic acid (generally represented as H,A). The acid constants are given
as Ky; = 1.13 x 107, and K 5 = 3.90 x 10°®, determine the following:
(i)  All types of dissociation species present at equilibrium.
(i)  The equilibrium expression constant for the loss of two protons.
(iii)  The value of pK, for phthalic acid.

(b) The complex K;[Ni(CN)4] has a magnetic moment ps =~ 0.01 BM. Using Crystal field
theory discuss the shape and bonding of the complex. (Do not use quadratic equations to
solve this).

(d). Analytical results are usually expressed as concentration in various units. DDT, a
chlorinated insecticide used in the past but banned now from being used in aerial
spraying, known to accumulate in the food chain. In Lake Kariba, 0.014ppm DDT has
been found in the mud and 5.0ppm DDT in the fish. Express these concentration found
in fish, in units of %owt/wt.

END OF EXAMINATION
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Universal Statistical Tables:

1. Rejection Quotient, Q, at Different Confidence Limits.

Number .

of ‘ Confidence Level

Observations Qg0 Qss Qs

3 0.941 0.970 0.004

4 0.765 0.829 0.926

5 0.642 0.710 0.821

6 0.560 0.625 0.740

7 0.507 0.568 0.680

8 0.468 0.526 0.634

9 - 0.437 0.493 0.598

10 0.412 0.466 0.568

15 0.338 0.384 0475

20 0.300 0.342 0.425

25 0.277 0.317 0.393

30 0.260 0.298 0.372

2, Yalues of t for v Degrees of Freedom at Different Confidence Limits.

Number

of

Degrees Confidence Level

of Freedom 90% 95% 99% 99.5%

1 6.314 12.706 63.657 127.32

2 2.920 4.303 9.925 14.089

3 2.353 ’ 3.182 5.841 7453

4 2.132 2.776 4,604 5.598

5 2.015 2.571 4,032 4,773

6 1.943 2.441 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 o 3.153

25 1.708 2.060 2.787 3.078

Infinite 1.645 1.960 2.576 2.807

3. Yalues of F at the 95% Confidence Level

yi= 2 3 4 5 6 7 8 9 10 15 20 30

\ 2 19.0 19.2 19.2 19.3 19.3 194 194 19.42. 194 19.4 194 19.5
3 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 8.79 8.70 8.66 8.62
4 6.94 6.59 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 4.88 4.82 4.77 4.74 4.62 4.56 4.50
6 5.14 4.76 4.53 4.39 4.28 421 4.15 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
8 4,46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35 3.22 3.15 3.08
9 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14 3.01 2.94 2.86

10 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02 2.98 2.85 2.17 2.70
15 3.68 329 3.06 2.90 2.79 2.71 2.64 2.59 2.54 2.40 2.33 2.25
20 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39 2.35 2.20 2.12 2.04
30 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.21 2.16 2.01 1.93 1.84
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2012 SEMESTER I EXAMINATIONS

C 225: ANALYTICAL CHEMISTRY I
TIME: 3 HOURS

INSTRUCTIONS:

1. THIS PAPER CONTAINS FIVE (05) QUESTIONS.

2. ANSWER ANY FOUR (04) QUESTIONS.

3. EACH QUESTION CARRIES 20 MARKS.

4. SHOW ALL YOUR WORKING CLEARLY. :

5 ESSENTIAL DATA TABLES ARE ATTACHED TO THE QUESTION PAPER.

Question 1.

(a). A wholesaler purchased a truck load of S26 Brand baby milk from the manufacturers.
The analysis certificate made out while the truck was being loaded showed 46.70%
protein with a standard deviation of 0.07% for five measurements. When the baby milk
arrived at the wholesaler’s warehouse, it was analyzed with the following results,
Yoprotein: 45.58, 45.61, 45.69 and 45.64 should the wholesaler accept the baby milk?

(b). (i). What is a buffer solution? If 0.05 mole of NH,Cl is added per litre of solution to a
0.01M aqueous ammonia solution, calculate is the concentration of hydronium ion in the
resulting solution given that for NH;, Ky = 1.8 x 107, -

(i). A solution contains 75.0 ppm of dissolved NaNO;. Calculate the concentration of
nitrate ions in the solution, giving your answer in parts per billion.

(c). (i). By using lead chloride, PbCl,, explain what you understand by the terms solubility
and solubility product of a salt.
(ii). Determine whether a precipitate will form if 10 mL of 0. 0. 000] M AgNO; is added
to 90 mL of 0.000045 M NaCl (K, for AgCl = 1.0 x 10°1°),

Question 2.

(a). The Manager of a Food Processing Company was trying to decide whether or not to
keep a young recently hired scientist. The manager decided to see if the new scientist’s
work was of the same quality as that of the other staff. She asked both a senior scientist
and the new scientist to analyze the same food sample using the same procedure,
reagents and instruments. They obtained the following results:-

Senior Scientist (%Ca) New Scientist (%Ca)
18.89 ) 20.10
19.20 _ 20.50
19.00 18.65
19.70 19.25
19.40 19.40
19.99

Determine if there is a significant difference in the precision of the data at 95%
confidence level.
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Question 2(Continued).

(b). A solution contains 2.50 x 10°* M copper nitrate, Cu(NOs),. Calculate the copper nitrate
content of the solution, in ppm; and, the concentration of nitrate ions, giving your answer
in units of parts per billion.

(¢0).  The first and second acidity constants of H,S are 10 7 and 10" respectively. Calculate
the equilibrium constant (K,) for the reaction H,S + 2H,0 =»2H;0* + S?, and the
concentration of S* ions in a 0.1 M H,S solution at pH 2.0.

Question 3.

(a). (i). Whatis meant by the term ‘tetraprotic acid’? give an example of such acid.
@ii). Citric acid is a triprotic organic acid, HOC(CH,COOH),, characterised by the
following acid dissociation constants pK, = 3.1296; pKg, = 4.7570 and pK,3 = 5.3990.
Determine the equilibrium concentration of the ionic species HOC(CH,COOH)* in a
0.500 M solution of the acid.

(b). (i). Given the ingredients ethanoic acid, HOAc; ammonia, NH;; sodium chloride, NaCl
and ammonium chloride, NH,Cl, how would you prepare a buffer solution of pH above
7.5?

(ii). Calculate the pH of a buffer prepared by adding 85 ml of a 0.20 M acetic acid
solution to 115 ml of 0.50 M sodium acetate; given that for acetic acid, the value of K, =
1.75x 107,

(¢). A calibration curve for the colorimetric determination of phosphorus in urine is
prepared by reacting standard solutions of phosphate with molybdenum(IV) and
reducing the phosphomolybdic acid complex to produce a characteristic blue colour.
The measured absorbance A is plotted against the concentration of phosphorus, From
the following data determine the linear least squares line and calculate the phosphorus
concentration in the urine sample.

Phosphorus (ppm) Absorbance
1.0 0.205
2.0 0.410
3.0 0.615
4.0 0.820
Unknown sample 0.625
Question 4.

(@). A 2.645g of powdered milk containing 53.5% calcium (Ca) is dissolved and diluted to
250ml. A spectroscopic method gave the following results for the solution: 5.90, 5.77,
5.75,5.73, 5.71, 5.70, 5.68 and 5.66mg/ml.

(i). Decide whether the accuracy is satisfactory or not if the maximum acceptable
error is less than 1%.
(ii). Estimate the standard deviation.

(b). (i). Define the term ‘hydrolysis’, and give an example of one compound that
hydrolyses.
(ii). What is the degree of hydrolysis and pH of a 0.10 M solution of sodium acetate,
NaOAc? For acetic acid, HOAc, K, = 1.75 x 10,

2|P e



Question 4 (Continued).

(c).  Lead sulphate, PbSO,, is a sparingly soluble salt with a solubility product of is 1.8 x
10® in aqueous medium.
(). Explain the difference between common salt, NaCl, and lead sulphate.
(ii). Calculate the solubility of lead sulphate in‘0.0ZSM Pb(NO3),.

Question 5.

(a).  The calcium content of a powdered milk sample was analyzed five times by each of
the methods, with similar standard deviations. Are the two mean values significantly
different at 95% confidence level?

Method 1 Method 2
0.271 0.0271
0.282 0.0268
0.279 : 0.0263
0.271 0.0274
0.275 0.0269

(b). (1). What is selective precipitation? Give one example of the use of the phenomenon in
analytical chemistry.
(i). Determine whether a precipitate will form if 0.05 mg AgNOs is added to 2.0 L of
0.0001 M NaCl (K, for AgCl = 1.0 x 1077,

(c). Arsenic acid, H3AsO,, dissociates in water to yield several ionic and molecular species.
(). Name any two ionic, and one molecular, dissociation products of the acid.
(i). What is the equilibrium concentration of the hydrogen arsenate ion (H,AsQ4) at
pH 3.0 in a 0.200 M arsenic acid solution given that the dissociation constants for the
successive ignisations are given as follows, Ka; = 5.65 x 10°; Ka, = 1.75 x 10”7 and Ka;
=2.54x 10™**,

END OF EXAMINATION
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Universal Statistical Tables:

C 225/C205/ CAV 251.

1. Rejection Quotient, Q. at Different Confidence Limits.

Number .

of Confidence Level

Observations Qw Qos Qoo

3 0.941 0.970 0.004

4 0.765 0.829 0.926

5 0.642 0.710 0.821

6 0.560 0.625 0.740

7 0.507 0.568 0.680

8 0.468 0.526 0.634

9 0.437 0.493 0.598

10 0.412 0.466 0.568

15 0.338 0.384 0.475

20 0.300 0.342 0.425

25 0.277 0.317 0.393

30 0.260 0.298 0.372

2, Yalues of t for v Degrees of Freedom at Different Confidence Limits.

Number

of

Degrees Confidence Level

of Freedom 90% 95% 99% 99.5%

1 6.314 12.706 63.657 127.32

2 2.920 4,303 9.925 14.089

3 2.353 3.182 5.841 7.453

4 2.132 2,776 4,604 5.598

5 2.015 2.571 4.032 4.773

6 1.943 2.441 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

Infinite 1.645 1.960 2.576 2.807

3. Values of F at the 95% Confidence Level

W= 2 3 4 5 6 7 8 9 10 15 20 30

V= 2 19.0 19.2 19.2 19.3 19.3 19.4 19.4 19.42. 194 19.4 19.4 19.5
3 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 8.79 8.70 8.66 8.62
4 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 5.86 5.80 5.75
5 5.79 541 5.19 5.05 4,95 4.88 4.82 4.77 4.74 4.62 4,56 4.50
6 5.14 4.76 4.53 439 4.28 421 4.15 4.10 4.06 3.94 3.87 3.81
7 474 4.35 4.12 3.97 3.87 3.79 3.73 3.68 3.64 3.51 3.44 3.38
8 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35 3.22 3.15 3.08
9 4.26 3.86 3.63 348 337 3.29 3.23 3.18 3.14 3.01 2.94 2.86
10 4.10 3.71 348 3.33 322 3.14 3.07 3.02 2.98 2.85 2.77 2.7C
15 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59 2.54 2.40 2.33 2.25
20 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39 2.35 2.20 2.12 2.04
30 3.32 2.92 2.69 2.53 242 2.33 227 221 2.16 2.01 1.93 1.84

UNZAChem Dept/aym//S2/Qctober 2011.



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2012 ACADEMIC YEAR FIRST SEMESTER
FINAL EXAMINATIONS

C 341: INORGANIC CHEMISTRY 11

TIME: THREE HOURS

INSTRUCTIONS: ANSWER ANY TWO QUESTIONS FROM SECTION A AND ANY
TWO FROM SECTON B
ANSWER EACH QUESTION ON A FRESH PAGE

SECTION A
QUESTION 1

(a) The complex Co(NH;3)2(H0),CLBr; exists in two forms. One form yields two moles
of AgBr when treated with AgNO3, the other yields one mole of AgBr. Write the
structures for these compounds.
(b) Pick the complex with highest molar conductivity: (i) [Cr(NH3)s]Cl3 (ii) [CrCI(NH3)s]CLz
(iii) [CrCl3(NH3)s]
(¢) Classify the ligands on the basis of charge: CO, CN, NO, NO,,CNO, ONO, H, NCS, en

QUESTION 2

(a) Explain the effect of (i) conjugation of chromophores (ii) auxochrome substituents in
absorption maximum of a compound.

(b) For CS; all vibrations that are Raman active are infrared inactive and vice versa, wheras
for nitrous oxide, N,O the vibrations are simultaneously Raman active and IR active.
What can one conclude about the structures of N,O and CS,.

(¢) There are 3 unpaired electrons in [C()(H20)5]2+ and calculated value of magnetic moment
is 3.87 BM which is quite different from experimental value of 4.40 BM. Account for this
variation.

QUESTION 3

(a) Explain the following on the basis of CFT.
) Copper sulphate hydrated (CuS04.5H,0) is blue in color.
(i)  Cuprous compounds (Cu") are colorless.
(iiiy  Anhydrous copper sulphate is white.
(b) Why is crystal field theory not suitable for explaining bondmg in [Ni(CO)4] complex?
(c) A transition metal complex beheved to have less than half filled d-orbital and has a high
spin ground state ligand term of 3 E,. What is the ground state term for the free ion?

1



SECTION B
QUESTION 4

(a) Write down classification of oxides of the group VI: basic, acidic and amphoteric oxides.
(b) State the reactions between acidic oxides and alkalis and acidic oxides and water.
(c) Write down reactions production of hydrogen frdm coal and natural gases.

QUESTION §

Describe the industrial methods production of following products, indicating reactions,
temperatures and pressures of the processes:

(a) Ammonia on a large scale.
(b) Sulphuric acid from sulphur by contact process.
(c) Dilute Nitric acid.

QUESTION 6

(a) Write down main properties, uses, production and reactions with water of fluorine and
chlorine.

(b) State properties, uses and production of Noble gases.

(c) Write down reactions production of Xenon compounds: XeOF,;, XeO,F, and XeOs;.

END OF EXAMINATIONS



) SN Y B 0, P

3 R 4 8 2 AN 2 4 2 4

AR AR AR A

€01 0t L0t 001 66 86 16 9% G6 ¥6 £6 6 16 - 06
WwnpUaME) | Wnijeqoy |unwappuew | wniuue) | unuiosdlwiNiwo)ed! uwngag | wheo . | umpuswe fwnuoynd fwnjumdau| wnun  jumugonod] wnuoyy ;
ol ON PW w4 s3 e g un wy nd dN n ed yl
lesdd | Wwszl | loszl | [esz) | [vsel | Diczl | Isvz) | [ovzd | [ovdd | [ewe] | Lzezd | eez | Diedd | zez
T 1L | O | 69 | © | 29 | ® | © | » | © | © | 9 | 09 | 6 | 8 sa1125 3y
! wnizam jwmgend | wnymp | wniqss | wnunoy jusysoxdsApl wniqisi fumjoped | wdona |wniewes Lunppaiuosd| winuApost juraposser | winuad - Y .
: m qA wg 3 OH Ag ql PO n3 ws ud- | PN 4d ) : s3uds apIueyiuE ,
w Sl €41 691 191 91 €94 661 i) piq} 0si [2¥1] i 34} ovL
(333 [+]3 601 801 [0} 901 G0l 0l 68 88 8
- pajestjusine Ajnj Jou Ing uwnSRUSO|WhnpelsLED | WRpBUoW] wnissey | wnuiyoq jwniSiogess| wnjugnp Junpsopspne wamoe | umnipes | wnjouesy
paliodal USaq SARY 911-71 ) SISQUINU JIWOTR YIM U] | sq W SH ug 8s qa 3N oY ey a4
3 fzzz) | Dizdd | o9 | [wdd | o) | [992) | [z97d | 197} ¢ Bewad | Iozal | [gz2d
68 8 €8 8 18 08 6L 8z L 9L. 174 Vi ¥ (44 5 95 1
augeise | wewood | yinwsig | pesy | wnmew | Anosow | pio8 | wnupeid | wniput | wopuso | wnuays | uaisBun) | wnmeues | wney sweuepesl) mnleq | wnisaed
W | od | 19| Gd | 1L | B8H | NV | W Jq | sO | N | M | BL | JH | 21| e@ | S
(11¥d] teoz] 0607 | T°LOZ | ¥VOT | 9007 | 0°46) 1's6l | TT6L | 061 7981 | 8°t8l 6°081 G'8Lt &0EL | £°L5L 6°CEl
«£5 % 1§ 0s 6 8y | Ly 9 114 144 |14 w 134 ov 6E -8¢ LE
aujpor | wnumer | Auowue | un wnipyy | wnpupes | saays  funipeped | wnipow |wnjuawns {unpeupa funuspatow| waigom fwnueosz} wegmsk fenguons | wnipigns
1 a1 as us uj P> | 8y Pd W m 31 oy gN Z 1 A 45 N
6°97). | 9L 81zl | L7811 8vLL § ¥'TLL | 67201 | #7901 6°701 1" 101 [s6] 656 6’26 6 6’38 9°/8 698
13 143 1313 43 1€ 0¢ YA 8t LT 9 114 vt £ [44 L8 1114 6l
sujwosq | wnpoes | ouasie jwnueuusS| wmpes | duiz Rddo | pw | Jeqe uoi  |asueBuew| wnuwoyd | wnipeuea | wniueyy | wngpeeos | wnpre> | winissejod)
14 oS sy a9 o) uz | M} IN | 0D 94 uw D A u 5 ) h. |
6'6L 6L 6L 99U |- L'69 | V9 §°89 1785 6786 8°G§ 6'vS 0 605 | 6Ly sy Vov b6E
Li 91 Sl vl £l (z) (11) (or) (6) (8) 73] 9 © ) [43 H
aupolyp | amyns  {snuoydsoyd| uodiis  |wnupwinge : . g wnpos
D | s d | IS | WV k8w | eN |
G°GE 343 0'it }'8¢ 0°LZ 1 3 74 oz |
¢ 6 8 L 9 ] Jaquinu (vojoud) diwoje . y | €
i suuony | uaBixo | ueBanu | uoques | uoioq swey wapAIog | wnign
: 4 (4] N p) g loquiks Jwoje . og n
o6 | 09 | Opk | OTL | 80 SSeW IUI0JR dAIREjDS L 06 69
L) fo1)  (s1)  (¥0) (€1) T Aoy (@ )
udBosphy
H
ol
L 9 S 14 £ A }
SJUSLWa)T JO d1qe] DIPoLIdd dYL
XS




THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2012 ACADEMIC YEAR FIRST SEMESTER
FINAL EXAMINATIONS

C 341: INORGANIC CHEMISTRY II

TIME: THREE HOURS

INSTRUCTIONS: ANSWER ANY TWO QUESTIONS FROM SECTION A AND ANY
TWO FROM SECTON B
ANSWER EACH QUESTION ON A FRESH PAGE

SECTION A
QUESTION 1

(a) The complex Co(NH;3),(H,0),CL,Br; exists in two forms. One form yields two moles
of AgBr when treated with AgNO3, the other yields one mole of AgBr. Write the
structures for these compounds.
(b) Pick the complex with highest molar conductivity: (i) [Cr(NH3)s]Cl3 (i) [CrCH{(NH3)s]Cly
(i) [CrCl3(NH3)s]
(¢) Classify the ligands on the basis of charge: CO, CN, NO, NO,,CNO, ONO, H, NCS, en

QUESTION 2

(a) Explain the effect of (i) conjugation of chromophores (ii) auxochrome substituents in
absorption maximum of a compound.

(b) For CS; all vibrations that are Raman active are infrared inactive and vice versa, wheras
for nitrous oxide, N,O the vibrations are simultaneously Raman active and IR active.
What can one conclude about the structures of N,O and CS,.

(¢) There are 3 unpaired electrons in [Co(Hzo)(,]2+ and calculated value of magnetic moment
is 3.87 BM which is quite different from experimental value of 4.40 BM. Account for this
variation.

QUESTION 3

(a) Explain the following on the basis of CFT.
@) Copper sulphate hydrated (CuS04.5H,0) is blue in color.
(i)  Cuprous compounds (Cu") are colorless.
(i)  Anhydrous copper sulphate is white.
(b) Why is crystal field theory not suitable for explaining bondlng in [Ni(CO)4] complex?
(c) A transition metal complex beheved to have less than half filled d-orbital and has a high
spin ground state ligand term of ? E,. What is the ground state term for the free ion?
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SECTION B
QUESTION 4

(a) Write down classification of oxides of the group VI basic, acidic and amphoteric oxides.
(b) State the reactions between acidic oxides and alkalis and acidic oxides and water.
(c) Write down reactions production of hydrogen frém coal and natural gases.

QUESTION 5

Describe the industrial methods production of following products, indicating reactions,
temperatures and pressures of the processes:

(a) Ammonia on a large scale.
(b) Sulphuric acid from sulphur by contact process.
(¢) Dilute Nitric acid.

QUESTION 6

(a) Write down main properties, uses, production and reactions with water of fluorine and
chlorine.

(b) State properties, uses and production of Noble gases.

(c) Write down reactions production of Xenon compounds: XeOF,, XeO,F; and XeO;.

END OF EXAMINATIONS
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2012 ACADEMIC YEAR FIRST SEMESTER

FINAL EXAMINATIONS

C351: ORGANIC CHEMISTRY III

TIME: THREE HOURS

INSTRUCTIONS:

1. Answer any four questions
2. Each question carries 30 marks

3. Use a booklet for each question



Question 1
(a) Peak area measurements (integration) are_not usually obtained in routine BC.NMR
spectra. Briefly explain. (2 marks)

(b) Write the structures of the three isomeric tribromobenzenes (CgH3;Br3). Against each
isomer indicate the number of proton decoupled *C-NMR peaks. (8 marks)

(c) Interpret the attached spectral data for the compound X and hence deduce its structure.
Assign the 'TH-NMR and C-NMR peaks to the structure as far as possible.
(20 marks)

Question 2
(a) The isomeric sets of compounds given below may be differentiated using spectroscopy.

Elaborate.
(H3C)oN N(CHa)2 H3CHN
N(CHa),

(D and
o} 0
: (6 marks)

Mass spectroscopy by giving the molecular masses of excited ions,
fragmentation patterns and masses of fragments.

11

H,CO HsCO
(6 marks)

T
It

UV: by calculation of A,
(b) A number of procedures are used to couple benzene rings in a reaction called arylation

Name three such procedures and provide reactants, reagents and products. (10 marks)

(¢) Formylation of azulene as indicated below takes place at the five-membered ring only
(8 marks)

Provide a plausible explanation and write a mechanism for the reaction.

CHCl;, KOH
e Product



Question 3

(a) A compound C, C4H;¢0, gave THNMR spegtrum consisting of two & values a triplet and

quartet with relative area of 3:2. What is its structure and what are the 8-values?
(8 marks)

(b) A compound D, C,H,BrCl, exhibits two doublets, J = 16 Hz, in its '"H-NMR spectrum.
Suggest a stereochemical structure for D. - (2 marks)

(c) Interpret the attached spectral data for the compound Y and hence deduce its structure,

Assign the "H-NMR and *C-NMR peaks to the structure as far as possible.
(20 marks)

Question 4

(a) Explain why the reaction between sodamide and o-chlorotoluene gives only two products
while that between sodamide and 3-bromotoluene gives three products. Clearly indicate

the major product in each case. (10 marks)
(b) Discuss nitration of 1-nitronaphthalene. (6 marks)

(¢) Both o-bromonitrobenzene and 1-bromo-2,4-dinitrobenzene react in a heated solution of
sodium hydroxide to give products. V
(i) Write equations for each of these reactions. (4 marks)
(ii) Between the two reactions, which one is faster? Explain in detail to éupport your

choice? (6 marks)



Question 5
(a) Naphthalene and 1-naphthol are commonly prepared from benzene and maleic
anhydride as starting materials as indicatéd in the scheme below. Fill in the reagents

and intermediates. (10 marks)

Naphthalene

% el

(b) How would you prepare phenathrene using naphthalene? (6 marks)

(¢) Provide a procedure for protecting each class of compounds given below. Write
equations on how the group is introduced and how the group is removed.

(1) Primary alcohols. (2 marks)

(ii) Primary amines. (2 marks)

(d) Identify the compound with molecular formula C,HgO; with 'H-NMR data and IR
given in the table below. Briefly interpret the data.

(10 marks)
6 1.27 (3H) as a triplet Broad peak spreading
8 3.66 (2H) as a quartet from 2500-3100 cm™ and
a1
8 4.13 (2H) as a singlet apeak at 1715 cm
8 10.95 (1H) as a singlet

END OF EXAMINATION
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES
DEPARTMENT OF CHEMISTRY
ACADEMIC YEAR 2012 UNIVERSITY SESSIONAL EXAMINATIONS SEMESTER I
25 FEBRUARY 2013
C 361: CHEMICAL KINETICS AND NUCLEAR CHEMISTRY.
TIME: THREE HOURS
INSTRUCTIONS: ANSWER ANY FIVE OF THE SIX QUESTIONS.

DATA

R=8.314 J.K .mol’; h =6.626 x 10 J.s; kg = 1.38 x 10" 2 J.K''; H = 1.01; O = 16.00
h = 4.136 x 10 MeV. s; Mass excess, A, in MeV; n = 8.07143; 233Bi = -18.268;
“53Bi = -14.8015; *33Po = -15.9635; 233U = 40.9164; 32U = 42.4420

Question 1

(@)  Write expressions for the rate of formation of the products in the following reaction.
What are the units of the rate constant?

2HI(g) + Cly(g) — 2HCl(g) + Ixg)
(b)  Consider the decomposition of dinitrogen pentoxide with initial concentration of 2.00M/:
2 NzOs(g) —_— 4N02(g) + Oz(g)

On the same labeled sketch diagram draw graphs to indicate the conuentratxons of the
reactant and products as a function of time.

(¢)  The decomposition of ammonia into hydrogen and nitrogen on a quartz surface was
studied by C. N. Hinshelwood and R. E. Burk: J. Chem. Soc., 127; 1105 (1925). The
following result was obtained at 1267 K.

P, 7132.62 Pa 18331.5 Pa
ty 43 s 44 s
(i) Write the equation for the decomposition of ammonia on the quartz surface and

the rate law.
(ii) What is the order of the reaction?

(iii)  What is the rate constant of the reaction?

1



Question 2

Consider the acid hydrolysis of n-valeronitrile to give n-valeric acid:

n-C4HoCN + H;0 + HY —  n-C;H;COOH + NHF

(a) Write the rate equation in terms of the concentration of the reactant n-valeronitrile.
(b)  Write the pseudo-order rate equation if [H,O] >> [n-C4HyCN] and if H' is regenerated.
() Calculate the reaction rate constant k if the pseudo-rate constant k=1.00x1075s",
[H'] = 0.10 M and the volume of water is 1.00 dm>. What are the correct units of the rate
constant £?
Question 3

Compound 4 reacts to form the products C, D, and E in the presence of M. This reaction is
thought to go according to the following mechanism:

(2)
(b)
(©)

(d)

(e)
®

A+ M —> 3B+ M ki
3B+ M — A+ M k.
3B —» C k;
3B — D ks
3B —» 2F ky

Identify the intermediate(s).
Is there a catalyst entering into this proposed mechanism? Why or why not?

Derive a rate law for the formation of D, assuming that the steady state approximation
can be applied to any intermediate(s) in the above mechanism.

Under what conditions would the rate law you obtained in part (c) be second order
overall?

Under what conditions would the rate law you obtained in part (c) be first order overall?

What is the rate law for the formation of product E?



Question 4

The following values of Vs and K, have been obtained at various temperatures for the
hydrolysis of acetylcholine bromide, catalyzed by acetylcholinesterase.

t °C Vimax mol.dm™.s™ K mol.dm™
20 1.84 x 10° 4.03 x 10™
25 1.93x 10° 3.75x 10"
30 2.04 x 10° 3.35x 10™
35 2.17 x 10° 3.05x 10™

Assuming the enzyme concentration to be 1.00 x 10! M, calculate the energy of activation, the
enthalpy of activation, the Gibbs energy of activation and the entropy of activation for the
breakdown of the enzyme —substrate complex at 25° C.

Question 5
(@  According to the Nuclear Shell Model, |
(i)  Explain why %33Bi (100 %) is a magic number nuclide.
(i) ~ What is the ground state spin and parity of 293Bi ?
(b) (1) Write the radiative capture reaction of zggBi.
(ii) Calculate the Q-value of the reaction in b(i) above.
(c) 233Bi (t,= 5.01d) decays by " to 29Po according to the reaction:
29Bi —» 23%P0 + % + v + Qp
The allowed B spectrum is given by the equation

2
G2IMl*FZE)(E, ~E ) pldpe
B max e

2n3h7¢3

NPedpe =
@) Sketch the shape of 8~ decay spectrum.
(i)  Identify a term in the above equation that makes B spectrum approach zero at

E_ . Question 5(c) (iii) is on the next page

B max



(ili) Calculate E,. _ of the decay of 233Bi (99+%) to the ground state of 2$Po .
B 'max 83

Question 6

L2

(@  The isotope of 233U is very important in the Nuclear Power Industry. A specific fission
reaction of 233U is :

on + U —> ZPU" —»> HBa + FKr + 3(Gn) + Q
The critical energy of 235U is 5.3 MeV.
@) In the above reaction which isotope of uranium undergoes fission?
236

(if)  Calculate the binding energy of the last neutron, Eg, in “35U in the above reaction.

(iti)  Using the information given above, explain in one to two sentences why the
above reaction can take place with thermal neutrons of 0.0253 V.

(b)  Anisotope of 235U has a ground state spin and parity, I™ = % — and the next energy level

in this rotational band has an energy of 0.046347 MeV and I™ =2 —

(i) Calculate the energy of the I = 1—21- — state.

(ify  Determine the rotational constant, B, of this band.

NOTE: Data for Question 6 is on the next page.

END OF C 361 EXAMINATION
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES
2012/2013 ACADEMIC YEAR, FIRST SEMESTER EXAMINATION
MARCH 1, 2013

C491 : ORGANIC INDUSTRIAL CHEMISTRY |
TIME : THREE (3) HOURS

INSTRUCTIONS : ANSWER ANY FOUR (4) QUESTIONS
Question1

(a) A pipe is used to carry hard water and accumulates lime over a period of time.

Explain how this is likely to affect the flow rate? 4
(b) Fluids are commonly employed in many heat exchanges to facilitate heat transfer.

What type of flow would be preferred in such a system. Explain in brief. [6]
(c) Explain in brief using appropriate diagrams the following:

(i) Counter current process in a tubular reactor [4]

(ii) Batch process and continuous process [6]
Question 2

(a) Both soaps and detergents contain surface active substances that aid in the
cleaning action of a formulation. Show micelle structures that are formed from (i)

soap molecules (ii) detergent molecules. [4]
(b) Explain how surface active substances aid cleaning action of detergent
formulations. [ 6]
(c) Explain the concept of water hardness and it affects cleaning in soaps and
detergents. [6]
(d) In a detergent formulation, one of the ingredients indicated is EDTA. Explain the
function and mechanism of action of this ingredient. ' [4]
Question 3
(a) What are pesticides? [2]
(b) Classify pesticides according to their mode of action. Give one example for each
class identified. (6]
(c) Describe/explain how indiscriminate use of pesticides could affect the
environment. [4]

(d) Steam distillation is sometimes used to extract active ingredients from plant
materials.
(i) Describe the process known as steam distillation. Use suitable diagrams to
illustrate your answer. o [6]

(i) When is it desirable to use steam distillation? [2]
1



Question 4

(a) What is the significance of carrying out distil!ation under vacuum conditions? [5]
(b)  Explain the brief significance of the hydro-cracking process. [5]
(¢)  There are several types of gaseous fuels. Write short notes on natural gas. [5]

(d) Use a block diagram to illustrate the processing of producing raw natural gas.

[5]
Question 5

(a) In the Kraft process, wood chips are cooked in a strong alkali solution known as
White liquor.

(i) What methods are employed to monitor progress in the digester? [2]
(i) How are the results used to establish the concentration levels of chemicals
in the liquor? [3]
(i)  Sketch a block diagram of the Kraft process, clearly label ali parts. [5]
(iv)  Write the chemical reactions occur in the Digester. [5]
(b) With the help of a sketch, describe the paper manufacturing process up the point
before the finishing operations. [5]
- END OF EXAMINATION -



THE UNIVERSITY OF ZAMBIA
UNIVERSITY EXAMINATIONS
ADVANCED INORGANIC CHEMISTRY 1, 2013
C441

Instructions

- Answer any four Questions. Time: 3 hours
- All questions carry equal marks.

- Start each question on a fresh page of the Answer Booklet.

- Periodic And Character Tables are provided

Question 1

(a) The infrared spectrum of [ICl3] has the following peaks:-

Frequency/cm'j Intensity
1600 v. weak
1485 weak
800 strong
703 weak
690 strong
400 medium
345 weak
300 medium

) Determine the fundamental vibrations in this spectrum.

(i) Comment on the likely position of the v; in the Raman spectrum of this
compound.

(i)  Account for the presence of the remaining peaks.

(b) By constructing an MO diagram for SiHy, show how the HOMO and LUMO for
the molecule. What other spectral information can be adduced from the MO?



Question 2

The secular determinant for the allyl radical, C;H,’, with frontier orbitals defined as
Y= 1D + c®@; + ¢3P3, is
a—-E B 0
B o-E P
0 B a—E

i
L]

6)) Determine the energies of the molecular orbitals ¥, — V3 and draw these
orbitals.

(i) A nickel complex is synthesized as [Ni(C, H )2], discuss the kind of bonding

expected to occur between the ‘named’ metal orbital(s) and the frontier orbitals
‘1"1 and ‘Pz?

(iii)  Given that ¢} + 2 + ¢} =1(normalized), find the value of ¢, ¢, and c3. Hence
state the magnitude of ¥s.

Question 3

(@ The character tables for the ‘Cubic Group® chemicals indicate that the Milliken
symbols belong to E in point group T, Eg in point group Td, Eg in Oh, etc;
correspond to orbitals defined as 27%-x*-y” and x*-y*. Describe these orbitals.

(b) ) State the symmetry operations associated with the molecule below:-

&S

Cim=Zr-=Cl

<

(i)  Show that these symmetry operations constitute a mathematical group.
Show the group properties.



(©) What are point groups for the complexes below(show your reasoning):-

S <= |+
o ¢

/ ~
§ 8 I L

A dimer Triple decker nickelocene ion

® (i)

Question 4

(a) A company is contemplating to invest in purchasing either an IR, or a mass
spectrophotometer, or both and require your advice on how to make a best
investment.

Discuss what advise you would give the company showing facts for your argument.

(b) Sketch the mass spectrum of GaClBr3 ( Given that ®Ga = 60%, "'Ga = 40%
35C1 = 75%, 3'Cl = 25%,
"Br = 50% ' Br = 50%)

(c) A Raman spectrum of Fe (CO)s has peaks at 1885, 2000, 2010, 2040 cm™.
The IR spectrum of the same complex has 3 peaks. What is the geometrical structure
of the complex? Where would you find the IR peaks?

Question 5
(a) In mass spectroscopy of metal complexes, show how the following arise
@) OH" migration
(ii)  Doubly-charged peaks
(iii)  Aryl group migration



(b) An ABs molecule is pyramidal in shape and has reducible representations as
511 3 1. Determine the o-hybridization scheme of this molecule.

(c) The irreducible representations for n-bonding scheme for square planar AB4 molecule
isgivenas800-4000000.

@) Determine I'z(1)

(i) Determine I'z(11)

(iii) Hence show the =m-hybridization scheme likely to be displayed by the
molecule.
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2012 ACADEMIC YEAR FIRST SEMESTER
FINAL EXAMINATIONS

C 481: INORGANIC INDUSTRIAL CHEMISTRY
TIME: THREE HOURS

INSTRUCTIONS: ANSWER ANY FOUR QUESTIONS

Question 1. Write down the reactions and technological processes for
manufacturing soda ash:
(a) By Leblan method,
(b) The Ammonia process,
(c) Outline the advantages and drawbacks associated with the discussed
methods.

Question 2. In production of organic and inorganic substances the mainly used
absorbers and gas purification apparatus are: absorbers with sieve plates, bubble
cap plates, packing and fluidized packing columns. Draw up sketches and briefly
describe:

(a) Absorbers with bubble cap plates,

(b) Columns with sieve plates,

(c) Fluidized packing columns.

Question 3. Describe composition and indicate formulas of:
(a) The raw materials used for production of ceramic materials,
(b) Air-setting binding materials,
(¢) Hydraulic-setting binding materials.

Question 4. Draw up sketches and describe the following apparatus and equipment:
(a) For crushing and grinding — jaw and drum crushers,
(b) For the measurements of fluids and gas flows — orifices, rotameters and
Welirs.
(c) For Heat exchangers — smgle-pass tubular heater and double — pipe heat
exchangers.

Page 1



Question 5. Write down the reactions and briefly describe the technological
processes of production of the following compounds

a) Sodium sulphate, sulphite and thiosulphate,

b) Sodium nitrite and peroxide,

¢) Sodium and Potassium chlorides obtained from Sylvinite.

Question 6.

a) How they determine concentrations of H;PO4 and H,SO, in the Ortho-
phosphoric acid, produced by wet-method? (expiained in Problem 18,
SECTION A),

b) Describe monometers used in the measurements flow of fluids: U-
type, differential and inclined,

¢) Briefly write down types and compositions of glasses produced in
industry.

END OF EXAMINATION
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THE UNIVERSITY OF ZAMBIA

School of Natural Sciences
Semester IT Examination, 2012

CHES422
Time: 3 Hours May 2012

Instructions:
Answer any Four (4) Questions.
A Periodic Table is provided.
Character Tables are allowed.

Question 1

(a) Account for the following observations;-

Octahedral Complex fon byt 75
[Mn(CN)s]* Mn?* 2.03 25
Cr(S50,).6H,0 484 4.82

(b) The ground state term is generally written as Z*L,, what levels

{multiplets } first transition) may arise from the terms

(i) s ()% (iii) *F
Question 2

(a) What characteristics distinguish these magnetic conditions:-
diamagnetism, ferromagnetism, paramagnetism and anti-
ferromagnetism.

(b) Distinguish between the Curie law and the Curie-Weiss law.

Question 3

(a) When the multiplet interval (u,H)is several cm™ larger than (&7)
show what obtains and how this would reduce to 4, .



(b) A lot of studies on magnetic moments of Lanthanide ions have been
studied. How the observed and the calculated pes values for Sm**

compare?

*

(c) Show how P is isolobal to RSi, where R is an alkyl group, and hence
predict the shape of P,(SiR),.

Question 4

(a)
(b)
»Question 5

(a)

(b)

How would you describe the nature of metal-alkyl bonding in
{i) CHs;Mgl (ii)The Zeise salt  (iii) Ferrocene

Account the nature of bonding in Al,(CH3)s compound.

By clearly outlining the relevant conditions, suggest two ways in

-which a metal-carbonyl complex such as Cr(CO)gs can be

synthesized.

ML; is C4, molecule isolobal to 'CR;. By constructing an MO show
the kind interaction to explain the type bonding likely to occur
between the two fragment. State what other species are isolobal

the MLs?

End of Examination



VZNN-Anstmay) yo juamyiedag

.,_o.E;SE umipqoy WRAIPPUIN | wmimudg | wnnopsury | WRNLGHED | waneyRg wauny umnoury umuom| g ‘winyumdan wnrrein UmgIe0d wayoy wnugay
11z 01’652 09Z orLse 80°25T 80°IST | LOLvT 0LV 90'EvT [th 474 SO'LET £0'8¢T bO'I£T Yo'ZeT £0°LTT
1 ON P wy ST 30 b4 ) ury nd N b1 ed qL W :
£01 201 101 001 66 86 L6 96 §6 6 £6 6 16 06 68 3
o ;
wennny | oweigeay wmgnyy Wy WAooy wmisoidsAcg wnigid nnnjopen omidomy waeweg wnnpewo wWARBApoa N wniwApoasalf WUy umRpTey 3
LopLl PO'ELY £6'891 STL91 £6'¥91 05791 £6'8S1 STLST L6'IS1T 9£°08S1 1641 144 24! 16°0v1 ol 16'8¢1 “
g qx wy S| oy iq qlL PO ny ug g PN id D e e
74 0L 69 29 L9 N 99 <9 9 £9 29 19 09 6¢ 85 LS :
. unipey umroues
$9Z 00592 [AR474 [ARX74 11'79¢ 11°19¢ €01 - 68 £0'9TC (zoezd) :
uf oun sun qun dup bup [ 44 3
) 601 801 L01 901 §01 01 .88 L8 u
Jugesy umiuojog pnustg peay wmifreq ], Amasp PIo9 , wmunelg uriply wnmsg eIy 3uny, [eue], fuge umireg ums3e) E
6660 86807 86807 (42174 8E¥0T 65°00Z L6961 80°¢61 sl £2°061 17981 V8'€81 S6'081 6¥'8L1 €eLE] 16°CEL m
w od g 94 L 3y ny d B SO - 2 | M €L JH IL-Ls &g Lo A
58 b8 £8 [4] i3 08 6L 8L LL 9L SL 144 £L [4 9¢ 139 u
w E
supoy [ nunjRL Auouruy ury WOPW] +)  waimpe) TaAps wmipe[reg umipony Sty joupa ) PAIoN 1qoIN o1z umug wnpuong umipqny 2
06'9C1 09°LT1 " L1t 1811 (4240t vzl L8°LOT w901 16701 - L0101 16°L6 V6'56 16'T6 Tl6 16'88 9.8 Ly's8 i
1 3L as us u |28} 3y Pd Lt | L | 3L O qN 1z - X s q 3
£s [49 s 0s 6F 8Y Ly 9% 194 44 £F (44 184 114 6€ 8¢ - LE :
ul
i dunrnorg nuIRS omasry UMWY | wnieD sz saddod PRIN Aeqo uoi Suepd oy TPRUEA LA Tpugog wnioE) | wisswoq
06'6L 96'8L (4378 19'1L 69 6£°69 £9'¢9 69'8¢ £6'85 $8°6S 6 vS - 00T | $6°0S 88'Ly 96'vb. 800y or6e
a4d i) sy 3D €D uz n IN 9 Lt O 1D A 1L B ey - A :
SE 143 €€ [43 i€ 0¢ 6C 8T LZ 9T ST ¥ €T [44 17 . 0t 61 n
m i ; &
B (Tie) Ingding stuoydsong uoANs U]y . . umsoudew umpog :
19493 Lo'ze 66'0€ 60'8T 86'9C . 1% 74 00°€T
o] S d IS v bW BN ;
Ll 91 Sl 14! €l 4} il
suuongy ushxg uafoniN uoqe) uoiog ) . wagking gy
0061 00791 10¥1 {004 S I 11§ 106 6’9
Pl sl cvmons A
| | usSospAy sseul orwory | ueBompip
101 ) 1071
H X H
] Joquumu JnuoTy 1
ATH
_Z_S_ﬂ_ﬂ_ﬂ_S_ﬂ::_m_mﬂn_o_m_eﬂmﬁu_ﬂq

SIN3IW33 3HL 40 I19V1L DIAOTY3d



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

CS4251: ELECTRONICS FOR COMPUTING 111

SEMESTER 1 EXAM 6™ MARCH 2013

TIME: THREE HOURS

ANSWER: ANY FIVE (5) QUESTIONS



ANSWER ANY FIVE (5) QUESTIONS

QUESTION 1 .
Using the data path diagrams and by way of shading, describe the stages of pipelining the
following instructions.
(1) sw$30, $20 [5 Marks]
(i) add $40, $20 [5 Marks]
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QUESTION 2
With the help of detailed sketches, describe the process of image formation in a:
(i) TFT-LCD monitor. [5 Marks]
(1) CRT monitor. [5 Marks]
QUESTION 3
With the help of sketches, describe any three of the touch screen technologies. [10 Marks]
QUESTION 4
In a capacitive touch pad technology, how are the following processes achieved:

(i) Sensing finger presence, {3 Marks]

(ii) Filtering position data, [3 Marks]

(iii) Sensing motion. [4 Marks]



QUESTION 5
(i) Describe the four step protocol of operation when a victim cache is incorporated in a
multilevel cache system [4 Marks]
Define the Inclusion Policy on the following:
(i) Inclusive multilevel cache, [3 Marks]
(iii)Exclusive multilevel caches, [3 Marks]
QUESTION 6
Build a 1bit ALU with a zero (0) carryin input [10 Marks]
QUESTION 7

A hard disk drive is a device that enables data storage in a PC. Below is the general architecture
of a conventional hard disk drive.

HMead arm

Head
actuator , - .. Diskplatters

Mounting
chassis

Mounting holés
(i) With the help of sketches, describe the writing process. [5 Marks]
(ii) Describe the reading process. [5 Marks]

END OF EXAM



CST 2032 Exam

Thursday 7® June 2012

Answer any five questions. All questions carry equal marks.
Write clearly and explain steps precisely.
Lecturer: Dr. John Regan

a) An IEEE floating point number is made up of 3 parts, the sign bit, the
significand and the exponent. Explain each of these terms. For a single
precision 32 bit value how many bits are assigned to the sign, exp and
fractional part.

b) Given the decimal number 15213.0 write down how the number is stored in
a computer as a floating point number on a 32 bit system.

¢) Explain the difference between normalised and denormalised numbers.

d) Consider the following 8 bit floating point binary numbers. Compute the
floating point additions — round if required. Assume an 8-bit OS with 4 bits
for the exponent. :

i. 00100011; + 01001101
ii. 01010101, + 01101010,

a) Explain the difference between the Little Endian system and the Big
Endian system. Give an example of a system that uses Little Endian and
one that uses Big Endian.

b) Convert 15123 which is a decimal number to hexamdecimal.

¢) Given the following three unsigned integers compute their product:

i. 0011
ii. 1010
tii. 1100

In Order to compute the product of the three integers you should convert to
decimal to verify your answer.

d) Given the following signed integer compute its value in decimal
i. 1100010010010011
Next compute its value when you right shift it by 2 places (i.e. >> 2).
Explain how you achieve this and check against the expected decimal value.
Explain the discrepancy and describe what needs to be done so that the
result correctly rounds towards zero.



3.
a) Explain what a process is. .
b) Context switching can happen for several reasons, give two reasons.
¢) Consider the following simple program

int main()
{
it pid =0,
pid = fork();
if(pid == 0)
{

}
printf(“My pid is %d\n”, pid);

printf(“My pid is %d\n”, pid);

Assume the process identity of the parent is 23 and the process identity
of the child is 24. What is the output of the above program? Explain
clearly your reasoning.

d) Explain clearly the terms reaping and zomble processes.

e) Explain how zombie processes can be avoided.

a) What is a signal?

b) Under what circumstances will the kernel send a signal to a process — name
at least two.

¢) A process can react in three ways to a signal — what are they?

d) Consider the following C code.

i. What does the function call signal (SIGINT, handler);
do? Who calls it the parent or the child?

ii. What does the wait (&child_status) function do? Who
calls it the child or the parent?

iii. Given the pid of child 1 is 1333 and the pid of child 2 is 1334
what is the output of the program below?



#include <stdio.h>
#include <signal.h>
#include <stdlib.h>

define N 2 .

void handler (int sig) {
printf ("Process %d received signal %d - exiting\n", getpid(),
sig) ;
exit (0);
}

int main() {

pid_t pid([N];

int i, child_status;
signal (SIGINT, handler);

for (i = 0; i < N; i++)

{ if ((pid[i] = fork()) == 0)
{ while(1); /* child infinite loop */
, }
for (1 = 0; 1 < N; i++)
i kill (pid[i], SIGINT);

for (i = 0; 1 < N; i++)

pid_t wpid = wait(&child_status);
if (WIFEXITED (child_status))
printf("Child %d terminated with exit status %d\n",
wpid, WEXITSTATUS (child_status));
else
printf ("Child %d terminated abnormally\n", wpid);




5.
a) Explain what the function of the %esp and %ebp in the Intel IA32
architecture is.
b) Suppose that %edx = 0xF000 and %ecx = 0x0100 fill in the following table:

Expression Computation Address
0x8(%edx)
(%edx, Yecx)
(%edx, %ecx, 4)
0x80(, %edx, 2)

a) Given the following Assembly code:
1. Copy the assembly code into your answer sheet and comment each line
of the assembly explaining clearly what each line does.
2. Fill in the missing spaces in the given C code which corresponds to the
assembly code.

[pushl %ebp
novl %esp, $ebp

movl 12 (%ebp), %eax
xorl 8 (%ebp), %$eax
sarl $17,%eax

andl $8185, $eax

opl %ebp
et

int logical(int x, int y)

{

int t1 = ;
int t2 = ;
int mask = ;
int rval = ;

return ;




a) Given the following values calculate the capacity of a disk:
i. 512 bytes/sector '
ii. 300 sectors/track (on average)
iii. 20,000 tracks/surface
iv. 2 surfaces/platter
v. 5 platters/disk
b) Draw a block diagram showing how the I/O bus connects to the I/O bridge,
the CPU and to Main Memory. Include any other elements you thing are
important in the diagram.
¢) Explain each of the following terms:
1. Seek Time
ii. Rotational Latency
iii. Transfer Time
d) The access time for retrieving a piece of data is defined as T access = Tseek + Trotational T Transter
given the following information calculate the access time.
i. Rotational Rate = 7200 RPM
ii. Average Seek Time =9 ms
iii. Average number of sectors per track = 400

a) Explain briefly what the purpose of a cache is.

b) Given the following 16 bit addresses determine the hit ratio for a 2 way
cache, assume 16 byte cache lines and a cache capacity of 128 bytes
i. 0x0000
ii. 0x0004
iii. 0x2204
iv. 0x0002
v. 0xdeOb

c) Explain the difference between a “Write Through” cache and a “Write
Back” cache.

d) The Cache is only part of the memory hierarchy, another equally important
part if the Translation Lookaside Buffer. Explain it's function with respect to
virtual memory management. Include such terms as address translation and
locality of reference.

a) Write down and explain the 4 layers of the TCP/IP model giving examples
of protocols that operate at each layer. You should give at least two
examples of a protocol per layer.

b) Explain clearly the difference between TCP and UDP giving use cases for
both protocols.

c) Explain the purpose of the Domain Name System and how it operates.

d) Explain what the purpose of the socket interface is and list 3 well known
socket interfaces.



THE UNIVERSITY OF ZAMBIA

SCHOOL OF NATURAL SCIENCES
Department
Of
Computer Studies

UNIVERSITY EXAMINATION

CST3011 — Data Structures and Algorithms

DATE - MONDAY, 4™ March 2013
VENUE : Sports Hall
TIME :2 PM

DURATION : 3 HOURS

INSTRUCTIONS

L A W

i.  THERE ARE SIX (6) QUESTIONS IN THIS EXAMINATION PAPER AND YOU ARE
REQUIRED TO ANSWER ONLY FIVE (5) OF THEM IN ANY ORDER.

ii. READ EACH QUESTION CAREFULLY AND ANSWER THE QUESTION AS CLEARLY AS
POSSIBLE AND ACCORDING TO THE INSTRUCTIONS GIVEN.

iii. INDICATE THE QUESTIONS YOU ATTEMPT ON THE SPACE PROVIDED. GOOD
LUCK!



Prove the following equation, using the pr‘inciple of Mathematical Induction. [10 Marks]

iizn(n;—l)

i=1
Hence, or otherwise, evaluate the following summation. [10 Marks]

250
i
=80

Define what the statement f(n) = 0(g(n)) means. [6 Marks]
Complete the following Java method that finds the largest element in a list of integers.
[7 Marks]

public int findMax(int[] intArray){
int max = intArray[0];
J/Eillin
return max;

}

Counting the number of operators and perform a Big-Oh analysis. [7 Marks]

Describe the stack data structure stating two of its applications. [6 Marks]
Given the following infix expression,

56 + 32/4- 10 %2

i. convert it to postfix notation with the use of a stack, showing the contents of
the stack and output at each stage. [7 Marks]

ii. With the use of a stack illustrate how this postfix expression is evaluated. [7
Marks]

Describe what a queue is. [4 Marks]
List two uses of a queue. [4 Marks]
Implement using a linked structure the queue data structure including the following
operations. [12 Marks]
i. isEmpty
ii. enqueue
iii. deque



a. Describe how the following two algorithms.for sorting a list of items in ascending order
work, giving a Big-Oh analysis the performance of each algorithms.
i. Bubble sort. [6 Marks]
ii. Merge sort. [6 Marks]
b. Given the following numbers

8, 33,16, 1,43, 12, 55,58

i. Perform bubble sort to rearrange them in ascending order showing the state of
the list after each iteration. [8 Marks]

a. Describe how the following operations are performed on MinHeaps
i. Insertion of an element. [4 Marks]
ii. Deletion of the minimum element. [4 Marks]

b. Given the following list of numbers

8,33,16,1,43,12,55,58

i. Insert them into an initially empty MinHeap. [8 Marks]
ii. Delete the minimum element and show the state of the heap thereafter. [4
Marks]

********#****************END OF EXAM’NAT'ON***********************



University of Zambia
School of Natural Science
Department of Computer Studies

CST3142 Software Engineering 11
29" May 2012
9.00 Hrs to 12.00 Hrs

Instructions:

1.
2.
3.
4.

This examination has two sections
Answer any five questions in Section A. Each question carries 5 marks
Answer any five questions in Section B. Each question carries 15 marks

Present your answer neat and understandable

1jPuge



Section — A (5 x 5= 25 Marks)

Answer any five questions. Each question carries 5 Marks

1.

ii.
iii.
iv.

What is a project, and what are its main attributes? How is a project different from what most
people do in their day-to-day jobs?

What is the role of project manager? What are suggested skills for all project managers and
for information technology project manager?

Write short notes on weighted scoring model and balanced score card?

What is project scope management? What are the processes involved in project scope
management?

Consider the following table, Network Diagram Data for a Small Project. All duration
estimates or estimated times are in days; and the network proceeds from Node 1 to Node 9.

Table: Network Diagram for a small project

Activity Initial Node Final Node Estimated Duration
A 1 2 2
B 2 3 2
C 2 4 3
D 2 5 4
E 3 6 2
F 4 6 3
G 5 7 6
H 6 8 2
I 6 7 5
J 7 8 1
K 8 9 2

Draw an AOA network diagram representing the project. Put the node in numbers in circles
and draw arrows from node to node, labelling each arrow with the activity letter and
estimated time.

Identify all of the paths on the network diagram and note how long they are.

What is the critical path for this project and how long is it?

What is the shortest possible time it will take to complete this project

Give examples of when you would prepare rough order magnitude, budgetary, and definitive
cost estimates for an information technology project.

2|FPage



7. Explain about cost of quality? What are the five major cost categories related to quality?
Section - B (5 x 15 =75 Marks)

Answer any five questions. Each question carries 15 Magks

1. a. Explain project life cycle and product life cycle? How does a project life cycle differ from
product life cycle?

b. Explain the four frames of organizations. How can they help project managers understand
the organizational context for their projects?

2. a. What is project charter? What is the basic information in the project charter?

b. What is a project management plan? Explain in detail about the common elements of a
project management plan?

3. Explain in detail about Work Breakdown Structure (WBS), WBS dictionary and Scope
baseline? Describe different ways to develop a WBS? Give some advice for creating a WBS
and WBS dictionary.

4, Explain the following schedule development tools and concepts: Gantt Charts, critical path

method, PERT, and critical chain scheduling?
S. a. Explain about earned value management and its terms

b. Given the following information for a one-year project, answer the following questions.

Planned Value (PV) =$35,000
Earned Value (EV) =$30,000
Actual Cost (AC) = $40,000
Budget at completion (BAC) = $150,000

i. What is the cost variance, schedule variance, cost performance index (CPI), and schedule
performance index (SPI) for the project
ii. How is the project doing? Is it ahead of schedule or behind of schedule? Is it under
budget or over budget?
iii. Use the CPI to calculate the estimate at completion (EAC) for this project, Is the project
performing better or worse than planned?
iv. Use the SPI to estimate how long it will take to finish this project.
v. Sketch the earned value chart based for this project.

6. Explain about the quality control and the main categories of outputs for quality control?
Explain in detail about the four tools and techniques for quality control?

3|Page



THE UNIVERSITY OF ZAMBIA
DEPARTMENT OF MATHEMATICS AND STATISTICS

SEMESETER II EXAMINATIONS - 2012
DISTANCE EDUCATION
M212 - MATHEMATICAL METHODS IV

INSTRUCTIONS: Answer any four (4) questions.

All questions carry equal marks.
Show all the necessary work to earn full marks.

Write down the questions attempted on the front page of the main
booklet.

5. Use of calculators is allowed.

AU

TIME ALLOWED:  Three (3) hours.

1 [a] [i] Given the vectors qz(al,az,aa),lg=(bl,b;,_,b3),g=(c1~,c2,c3)
Showthatc}O(b +§)=a013 +aec.
[ii] Forc_z=(1,1,1)_,§=(2:l,0),5'-:(0,0,1),
Findc_u( b xc). Hence find the volume of the box witha, lgand ¢ as adjacent

sides.
[b] [i] Find the distance from the point D(-1,1, 2) to the plane through the points
3x-2y+2z=1

V2

[ii] Find the curvature for the curve 7(¢) = %—IS i+ - 12 j+tk atr=1

2. [a] Suppose the dimensions (in meters) of a rectangular box change from 9, 6, and
4 t0 9.02, 5.97 and 4.01, respectively.
[i] Use differentials to approximate the change in volume.
[ii]Find the exact change in volume.
. 0z 0Oz
[b] [i] Let z = f(u~v,v—u), show that o™ + ™ 0
[ii] If the line | has parametric equationsx=5-3¢,y=-2+17,z= 1+9¢,

Find parametric equations for the line through P (5, 4,-3) that is parallel to 1.



[a] Solve the equation:
. dy . 2
i] cosx— + ysinx =sec” x
[i] Y
d
fii] xZ +y =y’ Inx
dx

2 2
[b] [i] f u=In X TYV | show that x@i+ya—u =1
x+y ox Oy

[ii] Verify Euler’s theorem for z = x" ln(—x)
x

[a] Iff(x,y)=%x3+§—y3—x2——3x—4y—3,

find the local extrema and saddle points of f .

[b] Solve the following differentials

L dy 3 4
] +2y=—+10
[]dx V= x

[ii] ¥"+10y' +29y =0

[a] [i] Find 9oz and o0z given that z=¢” sinxy
Ox oy\ ox

[ii] Let 1 be the line of intersection of the two planes
2x-y+4z-4=0andx+3y—-2z-1=0.
Find parametric equations for the line 1.

[b] [i] Find the distance between the point Q (1,5, - 4)and the plane
givenby 3x-y+2z=6.
[ii] Find the limit if it exists:
3 2 2 3
‘m 3x° —2x 2+3y2x—2y
(x.) - (0.0} x“+y

[iii] Find the second partial derivatives of f(x,y) =3xy* =2y + 5x%y?
and determine the valueof f, (-1,2).

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA

SCHOOL OF NATURAL SCIENCES
Department of Mathematics & Statistics

SECOND SEMESTER FINAL EXAMINATIONS
May, 2012
M412—FUNCTIONS OF A COMPLEX VARIABLE 11
Time allowed : THREE(3) HOURS

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

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

1. (a) State and prove Liouville’s theorem.
(b) Find the Laurent series expansion of
1

f(Z) - 22(1 _ Z)

in the annular domain 1 < |z| < oo.

(c) (i) State the Mean Value theorem.

(ii) Hence, considering the function f(z) = sin z on the unit circle, show that

2n
/ cos(cos ) sinh(sin 8)d§ = 0.
0



State the Minimum Modulus Principle.

Find the minimum value of |f(z)| = |2% + 2] over the
closed region |z| < 1. y

In each case below write the principal part of the function at its isolated

singularity. Then determine if that singularity is a pole, an essential

singularity, or a removable singularity.

i) flo)=71e. (i) f(z) =22

(iii)
_ 1
T l4z+24 B3+

f(z)

Without using the Residue theorem, by integrating f(z) = ;—3—3—27 around a

suitable contour, prove that

o

rsinz ™

/ ———dt = -—, where a>0.
o T¢+a 2e

Let C denote the circle |z| = 2 described in the positive sense.
Determine the value of A.argf(z) for the function

z— (3 +03)

23(z—2m)2

f(z) =
Find the maximum value of
If(2)] = [2® + 32 — 1

on the unit disk |2] < 1.

State and prove the Cauchy Inequality theorem.

Verify the Cauchy Inequality theorem for the function f(z) = #ﬁ if z
lies on the circle |z — 3] = 2.

Prove that

dr =
Oo:vS—Sx 6

/°° z . 7r\/§.



5. (a) (i) State Rouche’s theorem.

(i) Using Rouche’s theorem, show that the roots of the equation

2% 4+ 62z + 1 = 0 lie within the circle*|z] < 2 but one root lies inside the circle

3
'Z' < 5

(b) Evaluate
f'(z)
c f(z) 4

if C is the circle |2| = 37 for

V2sinz — 1
SR P T

(c) (i) Find the Laurent series expansion of f(z) = Ezi:'zz—)T in the domain
0 < |z — 2| < R, for arbitrarily large R.

(ii) Hence find the residue of f(2) at its singularity.

6. (a) State the residue theorem.

(b) Using the residue theorem, evaluate

1
/c' z(2z — 5)(z — 4) dz,

where C = {z: |z + 2| + |z — 2| = 6}, positively oriented.

(c) Locate and identify the singularities of:
_ 142 y 1
(@) flz)= prw—1 (i) f(z) = T

END.



