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GLOSSARY

'0' grade Examination

This is the ordinary grade examination in Chemistry set by the Scottish
Certificate of Kducation Examination Board (S.C.E.E.B.), and taken

normally by pupils in the fourth year of their secondary course at school.

S1, S2, 83 etc.

This indicates the year of study in secondary school. In Scottish
schools the majority of pupils commence the S1 stage at 12 years of age.

The '0' grade examination is normally taken towards the end of S4.

.

A’ B1L_B2’ ® o 00 c1’ L )
A denotes Section A of the Chemistry Syllabus
By " " B " n " " » Subsection 1

etc.

A1L1; A14L24.L esoe G1L1j esse Ar1,1; XK T5!1.L XXX 08,1; «ecse

A denotes Algebra; G -~ Geometry; Ar - Arithmetic; T - Trigonometry;
and C - Calculus as sections in the Mathematics Syllabus

1,1 denotes Book 1, Chapter 1 of Modern Mathematics Series of text-books
1,2 denotes Book 1, Chapter 2

2,1 denotes Book 2, Chapter 1
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ABSTRACT

It is at least twelve years since the Alternative Syllabuses in
Chemistry and Mathematics were first introduced into Scottish schools.

The "new" syllabus in Chemistry stressed the importance of having pupils
involved in iearning by discovery and exploration while the "new" syllabus
in Mathematics had as its main aim the encouragement of an interest in
Mathematics and a greater understanding of fundamental principles. As the
two subjects have developed in their own way over the past years, a
considerable gulf has formed between them and now separates them.

This research is concerned with a close examination of the present
Chemistry and Mathematics syllabuses side by side and an attempt is made to
identify real problem areas in Chemistry which are linked to Mathematics.

The Chemistry and Hathematics syllabuses up to '0' grade were set
out in chronological order and this revealed some related topics which were
obviously out of phase. Chemical topics were also examined for mathematical
content and a list of these topics was drawn up. It showed just how much
Mathematics there is in the Chemistry syllabus. Pupils in schools were
then used as subjects in an «amination of their ability to cope with some of
these éopics, e.g. chemical concept of 'containment', graphs and proportion-
ality. It was borne in mind that the necessary mathematical skills had been
taught in the Mathematics department and that Chemistry teachers assumed
that for their needs the teaching was adequate and done at the right time.

Findings showed:-

(i) that the pupils' ability to grasp a concept was inadequate mainly
because the concept chosen was not dealt with in context or not

dealt with at all;

(ii) /



(ii) that for graphs, the pupils' ability to picture data clearly and
interpret it in real terms was not what it was assumed to be;
(iii) that for proportionality, the mathematical operations were beyond
pupils who had not reached 'formal' thinking level and chemists'

teaching in chemical examples was a significant factor.

The methods used included written tests and face to face investigation
when pupils defined their methods of tackling problems. From results, it
was possible to define for teachers and curriculum planners specific
recommendations which can only better the present situation.

In general, chemists are not aware of 'new' language, notation and
methods used by Mathematicians, and so there is unavoidable confusion for
the pupils, and hence they do not achieve the 'mastery' of topics they
might aspire to. Choice of topics for a rewritten syllabus will be of
prime importance for curriculuﬁ planners but they must also remember long-

term objectives for making Chemistry a significant part of a child's education.
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CHAPTER 1

ORDER IN THE TEACHING OF MATHEMATICS

AND CHEMISTRY



1.1. INTRODUCTION

Traditionally Methematics and Chemistry have been linked for
'calculations in equivalents' but now that developments in “athematics
and Science courses at all levels have taken place independently,
Mathematicians and Scientists often find themselves at cross purposes
when topics they are teaching overlap.

From previous work, recorded in the first reportl to the
Scottish Zducation Department in 1969, several distinct areas of
difficulty in the 'O' and 'H' grade Chemistry syllabuses of the
Scottish Certificate of Education Examination Board2 were revealed.

This work was followed by an investigation into the aspect of
maturity entering into the learning process3. Results still indicated
that areas which were a real source of trouble could be grouped under
three headings, namely -

1) concepts of writing formulae and the mole
2) salt interconversions
3) condensation reactions

It has also been established that the '0O' grade course may be
taught in the recommended order or in an alternative way, with
essentially Uth year and 3rd year work interchanged, without detriment
to the pupils.h

2 to the Scottish Education Department in

A follow-up report
October, 1972 confirmed that the same areas of difficulty as above
reappeared and so it was decided that some research into these areas

would be advantageous. The topics in the '0' grade Chemistry

syllabus which were identified as difficult were:-
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use of ion detector and measure of conductivity
writing chemical equations
calculations from equations

electron transfer in redox reactions
acidic and basic oxides

methods of preparing soluble salts
methods of preparing insoluble salts
calculation of molarity
ion electron half equations

the making of addition polymers
ester formation

the conversion of fats to soaps

condensation polymers

Work has already been carried out to investigate the understanding

of concepts related to writing formula.e,"L and the mole6 and work is at

present being done to investigate the perception of patterns in orgenic

structures.

7
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1.2. Topic Difficulties in Chemistry 'O' grade and the link

with Mathematics '0O' grade.

Many of the topics in Chemistry '0O' grade would appear to assume
a knowledge of related mathematical topics and this may affect the
pupils' understanding of the Chemistry. In fact, fifty-six out of
the eighty-one topics in Chemistry 'O' grade have a link with
Mathematics, in concept, if not in mechanical mathematical usage -
these will be identified later in this chapter.

The initial part of this investigation, therefore, involved an
examination side by side of the Chemistryzand Mathematies 'O’ grade8
syllabuses for any obvious anomalies and to check the order in which
each was generally taught.

Of course, the key to the interdisciplinary problem may well be
found in a study of the development of logical thinking in the
adolescent, but verification of order and timing had to come first.
On the face of it, each syllabus has a logical development with a
certain amount of hierarchical structure, so that some topics appear
several times with increasing degrees of sophistication, therefore
teachers were well advised to follow the order in which the

syllabuses were written as being the order of teaching.



1.3 Experimental Design

The initial hypothesis adopted and tested was that schools tend to
adhere to the order of topics recommended in the Chemistry '0O' and
Mathematics '0O' grades. Sheets, copies of which are in the Appendix page 19
requesting the necessary information - namely week, month and year when each
topic was taught - were sent out to Heads of Chemistry and Mathematics
Departments in schools which were randomly selected. Schools which had
undertaken a recommended order change in Chemistry instigated by T.V. Howe's
workh and schools which were involved in the Mathematics alternative
syllabus B,9 or Mathematics with Statistics, were not asked to provide
information ~ this explains why twenty schools supplied information for
Chemistry and only twelve supplied information for Mathematics. The
completed sheets were summed with respect to month and year when each topic
wvas taught and this summarised form can be seen in the Appendix pages 19=27
Information provided was in general not explicit enough to state for all
schools the week when topics were taught. So, the frequency distribution of
results showed for each topic in the Chemistry and Mathematics syllabuses
the number of schools teaching each topie in any month between September
and June for S 1-lL.

Topics in Mathematics were listed in the order of appearance in the
original Modern Mathematics series of bookslo’ since the syllabus does not
detail topics nor order adequately for teaching purposes - it was assumed

that most schools used this series of books, at least as a guide.
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1.4, Explaining the Results

Individual topics were not taught by all schools in one month of the
same year, and so it was decided to assume that the 'most popular' or
modal month was that month when the largest number of schools taught each
topic. A table showing which month sach topie was taught in, in both
Mathematics and Chemistry, was made for each year up to '0' grade - See
Appendix page 28. This provided an order of teaching topics based on the
results from the randomly selected schools used for the investigation.

The results were explained in diagram form:-

Is the order in Chemistry and Mathematics recommended
by the Scottish Certificate of Education Examination
Board adhered to?

R

Order is not faulty Order may be Order may be Order may be
and difficulties faulty due to faulty in terms faulty
arise from lack of unsuitable of logical

departmental iming of development

communication topics

There was clearly only little deviation from the recommended order
and only slight variation in agreement for monthly timing of individual
topics, so we could accept the hypothesis stated and assume there was
unlikely to be any change as long as the present syllabuses stood.

So, there were three possibilities for further investigation:-

(a) There was lack of departmental communication, or little or no
co-operation between Chemists and Mathematicians.

(b) There was unsuitable timing of topics.

(c) There were problems in terms of logical development.
It would also appear that the problem could be seen as belonging

to one of two other areas:-



(1) Techniques and processes of the 'new' Mathematics exist which

might benefit Chemistry
(2) Weaknesses in Mathematics exist which might hinder the attainment

of objectives of Chemistry.

To help identify the proper level of mathematical ability for
Chemistry pupils, it was felt at this stage that a close examination
of the content of both Mathematics and Chemistry syllabuses had to be
made and possible interdisciplinary links checked for timing. Obviously
a uniformly high level in all branches of Mathematics would be desirable
for all pupils of Chemistry but in practice it could only be important
for pupils -

(a) to acquire facility in mathematical manipulations
(b) to cultivate sufficient mathematical ability for comprehension

of topies in Chemistry which involve Mathematics.

In the preface to their book "Mathematical Methods for Chemists",
Mackie, Shepherd and Vincent say:- "At the simplest level, the use of
Mathematics enables Chemists to make precise descriptions of relationships
between physical quantities. More fundamentally, however, the methods of
Mathematics permit relationships to be established that could not be
arrived at intuitively.” This emphasised the point that high level
thinking in Mathematics might very well be a necessary prerequisite for
studying Chemistry. High level thinking in Mathematiecs involves the

processes of gemeralisation, evaluation, proof induction and inference.
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1.5. Mathematical Content of Topiés in Chemistry

In broad terms, the Mathematics required for S1 and $2 Chemistry

involves: -

(1) the four operations, i.e. addition, subtraction, miltiplication
and division

(2) fractions

(3) percentages

(4) area and volume

(5) ordering

(6) '"best-line" graphs and charts

(7)  sets

(8) relations

and for S3 and Sh the Mathematics required involves:-

(1) ratio and proportion

(2) indices including standard notation

(3) formlae

(4) flow diagrams

(5) interpolation and extrapolationof line graphs

(6) deductive reasoning

but a more specific account was necessary.

The result of MAST the Maths Skills Test for Chemistryll stated the

necessary skills in maths for chemical calculation success:

(1) computation

(2) parentheses

(3) signed number usage;

(4) fractions

(5) decimals



(6) exponents
(7) percent
(8) equations
(9) ratio and proportion
(10) gravhs

Bach Chemistry topic from S1 - S4 was scrutinised for Mathematics
content in terms of skills and abilities implied or stated as explicitly
required and the information was detailed in a table - see Appendix p. 29.
The Mathematics content was then directly linked to an appropriate part of
the Mathematics syllabus and possible interdisciplinary links were made.
This timing of linked topics was investigated by superimposing the appropriate
Chemistry and Mathematics graphs for the same year. A sample of these can
be found on p. 37 in the Appendix.

Some topics in Chemistry and Mathematics which were linked showed an

obvious time lag in Mathematics required and these were summarised as the

following:-
Chemistry Topic Related Mathematics Topic
B3 kine?ic mode} in particular close packing of spheres
cooling to give ordered crystals
02 solubility and its uses graphs and rate of change
D oxygen, nitrogen and carbon reading scales with positive and

dioxide in particular temperatures | negative signs
for fractional distillation of
liquid air

B action of metals on cold water

3 seriation: the idea of an
E4 action of metals on dilute acid "ordered" rate series using
logic of the form:-
F, |naturally occurring elements if AX<B
and B C
F3 naturally occurring sulphides, then A< C

oxides and carbonates

H salt interconversions

6 . 1
Flow diagrams
J1 acidic and basic oxides




In the light of this information the following considerations

had to be made:~

(a)

()

(e)

(a)

Should the Chemistry teachers reject the topics above because the
Mathematics is out of step?

Should the Mathematics teachers who provide a service to so many
other subjects alter their order to suit the Chemists' requirements?
Should the Chemistry teachers accept the lack of necessary Mathematics
and alter the content of the Chemistry to accommodate only Mathematics
of a lower level which has been taught?

Should the Chemistry teachers teach the Mathematics themselves?



-11-

1.6. Difficulties in Mathematics topics which were linked to

Chemistry topics

Specific difficulties of topies linked in the Mathematics/Chemistry

interface included:-

(1) objectives of the courses were not the same
(2) interpretation of words was not the same
(3) notation used was not the same

(4) approach used was not the same

(5) emphasis made was not the same

(6) depth of treatment - Mathematics treatment was too shallow
(1) age at which taught

In particular, weaknesses in Mathematics which seriously affected
understanding of related chemical concepts were identified as -
(1) Qggggggg_ggﬂ_ﬁymppligﬁ

So many areas exist in which a continuing dialogue is needed
between Chemistry and Mathematics teachers; it is vitally important
that the two departments speak the same language. At present, it appears
that Chemists are not familiar with language used in the 'new' Mathematics,
for example, they don't employ, and therefore don't understand, concepts
such as 'sets' and 'mappings'. They make no clear distinction between:-
(a) minus as an operation on a number and negative as a state of a number
(b)  the equals sign '=' in a Mathematics equation and the equals sign in

a Chemical equation

Given NaOH + HC1l = NaCl + H20

Equality can be assumed for mass alone and therefore ' apparent'

equality of reactants and products should be shown by using _’to

mean 'gives' and not ‘equals'



(¢) the similarity sign '=' in Mathematics in connection with similar
shapes and the same sign in Chemistry used in connection with
neutralisation problems to mean 'is equivalent to'.

For exsmple: What volume of 0°SM HCl is required to neutralise
50ml of 0+:5M NaOH solution?
50ml of O+5M NaOH # x ml of 0-+5M HC1
This is a symbolic representation of the situation which presents
problems for the pupils. A symbol must have one interpretation
only, and it must be used in context.

(d) the meaning of the word 'contains' in Mathematics with respect to
sets and 'contains' in Chemistry with respect to mixtures and
compound .

(e) symbolism in chemical formulae, for example, Mg3N2 meaning 3 Mg's
and 2 N's while the analoguus algebraic expression would be:-
3Mg + 2N

Gauss is reputed to have said:- "Mathematics is the Queen and
Servant of Sciemce" 3. It is imperative that Chemists as a pre-requisite
familiarise themselves with the language that is used by Mathematicians.

There is also a lack of conformity in standard abbreviations for units
used in calculations - SI units should be used exclusively or another
system adopted. There should be no confusion as to whether it is lb/yd2

or lb/yd-a, or regarding the equality of ml and 3.,

(2)  Sets

Classification of concepts, data and arbitary lists of facts can be
approached by using Venn Diagramslh - this ensures the classification

process is done in a rational and systematic way. In this respecy
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Yathematicians could introduce chemical examples, showing relations

between, for exarple, acids, bases and salts or isomers, stereolsomers

and optical isomers.

Suggestions could include

(1)

Solids

Salts

(i)

E~ Entire Set

=
1

Set of all hydrocarbons

A~ Set of all alkanes

B-~ Set of all alkenss

(iii) C- Set of all alkynes
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Spatial properties of crystals can involve ideas of symmetry and the
idea of regularity in the crystal shape can be related to close packing
of spheres. Symmetry is also a useful concept in recognition of structural
formulae in organic compounds. Mirrors could be used as lines of symmetry
when building up shapes and structures.

(4) Equations and Formulae

These are used as Mathematical models for chemical situations and the

problem in manipulation is largely notational. Pb3o4 in Chemistry would
be translated as 3Pb + 40 in Mathematics _ hence the initial problem in

interpretation and secondary problem in evaluating a formula weight.

Does H,0 mean 2H + O or H + 207

In a test given to 1st year medical students at the University of
Glasgow in 1971 15 one question asked the students to draw the structure
of the water molecule showing all bonds as lines. 70% gave an incorrect
response and a high proportion ( around 20% of those who answered incorrectly

wrotede as the structure.

In year 3, perhaps there is a case for using structural formulae

only for most €ar»on compounds, or at least until powers and indices
have been dealt with in Mathematics - hence the use of molecular formulae

could be developed gradually. This would avoid writing, say, C4H10 and

replace by CH30H20H2CH3 or even which are more mean-

—Q —i

H

|
H-?— ingful in terms of

H

H—a—m

H
l
—C-H
l
H B structure.
This would also reduce the tendency for pupils to memorise molecular

formulae.

(5) Rate of Change &nd Proportionality

Atomic weights of elements (as listed in data tables) are calculated
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as'proportional'means - hence the idea that atomic weight is an approximation
or relative weight related to the relative abundance of isotopes of an

element.

Many other chemical calculations, in particular stoichiometric ones,

require applicationof the schema of proportionality. Research has shown
that difficulty with this topic is due to the high level of abstraction

necessary. In terms of Piaget levels, the 'formal' thinking level is
necessary to develop the ability to understand and handle proportion16

Many pupils can cope with proportion in a Mathematical context and find
difficulty in transfer of the technique into a Chemical situation.
Some research by We Gapp suggests that chemical knowledge is faulty or

17
deficient when stoichiometric problems are presented . Part of the

problem is notational and part conceptual - an investigation of this
particular topic is described in detail in Chapter 4 p 97

In connection with rate of change, graphs are used a lot to represent
experimental data. Interpolation and extrapolation of data can be made

easier by carefully studying the relationship between the number pairs

involved. An investigation of this particular topic is described in

Chapter 3 p 56e
(6) _Statistics

Measures of length, mass, temperature etc. can be made and a 'most
likely' or mean measure can be calculated or a 'most frequent' or modal
measure - hence atomic weights for elements and isotopes of elements can
have more meaning and moee accurate interpretation of data from quantitative
experiments can be made.

These are useful aids in computation, if estimate answers can be

made first. Many pupils are not encouraged to use such mechanical aids

outwith the Mathematics Department, and so practice in using them is not
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apparent in the science department. Slide rule is taught at the end of year

2 and logarithms at the beginning of year 3 - perhaps morg extensive
treatments earlier might be advantageous to both departments.
(8) Deductive Reasoning and Seriation
The derivation of one 'big' reactivity series of metals is made in
S3 from five interrelated series. The metals can be ordered by trial and
error but it is more feasible to use algebra to express the relationships
and to work from these.
"Jane is fairer than Lilly, Jane is darker than Susan - which of the three
is the fairest?" is an analogous situation to the series derivation problem
A solution involves the relationships : JKL and S<J=) S<KJLL where
< means "is fairer than".
When a set of metals showing ease of oxidation is found, it can be combi:ed
with a set showing ease of reaction with dilute acid and ordered more easily
if a 1 to 1 correspondence is set up with the elements and the set of
natural numbers and the numbers are consequently ordered.
For example : Zn is more easily oxidised than Fe and less so than Al
Fe is less reactive with dilute acid than Al and more so than Sn
Let Sn<> 1
Fees 2

ine~ 3
Ale 4

Now express the relationships algebraically -

<> means ' corresponds to !

32 and 3<4 = 2<3<4

2<4 and 2>1 = 1<2<4

So, 1< 2<3<4, which translated means Sn< Fe< Zn< Al when"< "
stands for " is less reactive than"

Careful choice of numbers for elements can mean the resulting order is strict
numerical order and thus the reactivity order is more convincing. Seriation
is a useful experimental tool not only for reactivity butalso for arranging

in order of magnitude, e,g. heats of combustion.
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(3)

(L)

(5)

(6)

(1)
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Results of the Investigation

The order of teaching topics in Mathematics and Chemistry recommended
by the Scottish Certificate of Education Examination Board is in
general adhered to.

There is a lack of departmental communication and Chemistry

teachers are not, in general, aware of the language and methods, used
by the Mathematics teacher.

There are topics in Mathematics which are either out of phase with -
topics in Chemistry or inadequately dealt with.

There are topies in Mathematics involving techniques which could be
usefully applied to Chemistry.

There are problems in some Mathematics and Chemistry topics in terms
of conceptual development and demands.

There are topics in Chemistry where understanding is affected by an
obvious weakness in related Mathematics.

There is a lack of efficiency in mathematical manipulation and in
doing elementary operations, hence a corresponding lack in efficiency
when computing in chemical calculations, (even a high% performance

in elementary operétions can mean a low score in computing in a

problem;B).
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(1)

(2)

(3)

(5)
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Recommendations

Chemistry teachers within schools should make a list of

mathematical requirements of their course in time-order of being
required.

Mathematics teachers and Chemistry teachers must get together and
discuss interdisciplinary problems - if chemists use Mathematics

as a tool they must surely learn the mathematicians' language and
look into the mathematical basis of other techniques required. As
well as this, the Mathematics teachers can look for scientifiec
applications of their theory.

Standards of numeracy could be improved by providing more opportunity
to practise manipulative skills in Mathematics departments and hence
the transfer of repetitive practice to Chemistry would be easier.

A chemist works with mumerical quantities not pure numbers, hence
what would appear a 'mundane' mathematical operation is perhaps notlg
Planners of Chemistry and Mathematics syllabuses should check
intellectual demands of the respective disciplines before rewriting
the next version of the syllabuses to prevent obvious clashes in
conceptual demand and also timing.

Authors of school Chemistry text books should give guidance on

mathematical techniques required for "mastery" in Chemistry.
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(b) Bleéctrolysis of sodium halide
soluticns
K- SULPHURIC ACID -© |, i
| Burning of iron pyrites end sulphur )
in air as industrial sources of
sulphur dioxide i o wiola 9: 1
2 Properties of sulphur dioxide | | ’ 2_! g! i ICH I
- ! T
3 5032 as an electron doior | g b! 'lg b i 19 |
Conversion of sulphur diozide into i ’
sulphur trioxide ! I ‘ bisl™ \E] 2
5 Conversion of sulphur trioxide
into sulphuric acid ' ' | L L1 1§ 1.
{ Propertics of concentrated and . :
dilute sulchuric acid ‘ J | {2 . 3| &) 2
N Industrial uses of sulphuric acid | | 11als C? : 118] 2
L FUELS AND RELATED SUBSTAHCES
| Elcment carbon : different forms MIRILS 0
2 Conbustion of ‘carbon 61915 20
3 Saturated hydrocarbons S q{(,
4-0il and natural gos . 51wcls 26-
5 Hydrocerbons as fuels S19lL 20
[ Unscturated hydrocarbun 3 ~ 10 | 0
7 Nitrogen : 21M1812 ; f\?
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M- - AIMONIA IND RITRIC ACID See Ocknloy b@r..qu\‘Fe- Harti@{f'tl Jun 20n lﬂ'H; STk
) . ' t - . . '
| Ammonio » 316130 315 L 13117
2 Mamufacture of ammonia by Haber | ‘ ! ) _
synthesis A L1613 PRY/SN R ERN
2 Oxidation of ammonia 2alel Lol i 13yl
4 Propertics of nitric acid 231313 /512l iy
5 Nitrogenous fortilisers | IRERESERN 301y
L Nitrogen cycle Q 2luls ’: 2|3 12 ',&
N+ FCODSTUFFS. AND RELATED SUBSTAKRCES , |
| Carbohydrates AR TN 1119
*2 "Alcohols, acids and esters 11319 42l 1! 1119
3 Fets cad detergents i 512 | [ii9
4. Proteins ’-" sisiM | 19
O TUCROTOLECOIAS e
| Synthetic polymers Gl 20
2 Silicones 5 ~ g qOE
'H' GR.DE -  ADDED TOFICS TO 'O} GR.LIG
Ps ATOMS, MOLECULES AND THE MOLE -
| Mass numbcrs of atoms Bl 5i2] 1] ! | i1 31 I
2 Use of mass soectrometer to =
deternine nolecular masses 18152l | iy ! 3119
3 Isotopic constitution'c;f clements 8 winly !ty 2L 1N u-l1 b
Nuclecr chenistry ‘ .
* (1ot frl s AR ENEENRREIE
ii) Half-life of radioactive
(111) E subgtances blb(2]1] I | 21 | 21 1Y
iii) Effect of reodiation loss ' :
(1v) F on parent nuclous AEVININ 2 ' _2 31 Y
iv ornation of rndiois ctopes -
by neutron capture 6 {51311 ! (2 . 3 Wi
(v) Uscs of radioisotopes NESKINN | 3 P31
5 Avogadro's Number cnd the Hole 3“ -x 2 I 3 i3] 17
[ Avogcdro's Law _ miamy 3l ’3 1N
Cslcuwlations involviné‘ the nole |
Concept ond mclud:ng gas 218151 1| | Iy 3 ,'1
volunmes ) : |
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(ifressible) M N T 14 {(1st 2nad etc.)
Q- BONDING 4D THE PERIODIC T.3LE Ock New D2 ¢ Tin RHMar Aot toudran | AT S
| Heats of recaction and bond energies S ol 31111 20
2 Redox recctions 21912 |4 3 20
2 Study of the elcnents in the short :
periods 25161413 20
4 Bonding, polarity, intcratenie
and intermolecular forces of
conpounds of clecments in the
short periods : 213 Yi6i2 20
--8.The Alkali netnls 2211512 10
[ The halogens [ ] .
Aol dad sl ol b Ll
B, 2u
R+ CHE:ICAL REACTIONS '
| Factors affecting spced of reaction | (| 1|/ |3]1lg| 311 |23 5] 55
2 Reaction mechanisn and effect of 1
concentration Ppitri3fzlg] 3 516115
3 Effect of teaperature 1hi 2i2151 3! 515 I8
4 Bffect of caiclysts Al 1212513 11 51 51 15
5 Effect of light 111 212'3] 5 NS
L Idea of equi'.ibriua 53 | {231 62 2121 i8
-+t Foctora influencing the position |
of equilibrius 4 11113121 ¢ I {1 IC}
Fquilibriun in practice ' _
g Fa e 3 li|r]3lzl g 111119
S+ CAR3OR COMPOGHDS ’
| Thc parafiins g4 111 51 4 SRS
2 Unsaturztecd hydrocarbons é 112 5] 4 5|5 15
3 Benzene 50211 211 21 21 %
The OH group in alcohols, ‘
4 pherols and ceids 513 N2 | 19
S The NH2 group 214 | ul b | J l(‘f
b The GO group s1200] jalslie] [l 0]9
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Could you nlease indicate,as close as you can,

the following topics in the '0' grade and 'H!

any oaission of topics clecarly.

grade syllabi,

the time 2t whieh you tcach

MATES TOPICS Hote: Topics arc listed in Algebra, Geometry ctc. sections.

2

0! GRADE

oMITS

ST

(b

%

0Lk,

.v- )(‘1‘,'

jriesspuey
Feh Mar: H?( Qa

Jan

BOOK 1.
AllIntroduction to sets
Al2llath. Sentences : Equations

A|ghu1tlp’ 1c‘1t10n nsing comnmutative

Associative urd Distributive laws.

A\4Replacesents am} Fornulae

A|§I‘Iath. Sentences . : Inequations
) - .

—

Please indicate

15t ota.
ST, 2uh KN LiT)

PRGIPR S

i [V N ¢

BObK 2. . :
Al‘l Distributive lawv
- A22Povers and Indices
1'31\Iegatlve numbers,

Alq}i\,thr\d of s01v1ng equations -
! zmd inequa "'10”1.-5

12

“BOOK 3.

Ag'. Relations and madpings
A32 Operations on the Integers
A33 Number systens

A Q’Equatlo'm and Inequatlons in 1
variable

L~

rye.

NS =

L .

o

5
v

BOOK 4. o
AA | Further Sets 7

Ah_lenc:v' Equations and inequatiocns
. in two variables

Alﬂ, Systenms. of Linear Equations and
Inequatlons 1n two v,rlubled

A b, L;_Fornulae

F | L L

 BOOK 5,
AG'I Reasoning and Deduction

A 57 Language of Veriation
]

b

AE)g Furthor iddition and Multiplication
ASF}'unc%ions : the Quadraztic FPunction

and its groph

Afw

(}Jw‘

)
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, HOWTH- YE.R
Vh‘Pf"“'S?'D’}C") M ON TH (1Sh 2nd ete.

BOOK 6. £.0¢ e Jai Feb .;(prgmgw iSr 7 Jr_\gp,) A

A L | Factors and frazctions 2 1333 ﬁ' gt

Ab'lSuI\x:; ' 21y 2'22:21 e LI.
Ab3 Curdrntic Fquations and Incquntions 20 ‘ 2 | , ' | :2 21 b} é “

BOOR - T i i +—
A% Indices gl 3] 12
RAEREn . 12

AY) Introduction to Linecar Programming
)

— Jow

GEQMETRY i
BOOK 1. )
& 1,| Cube and Cuboid nit 12
G |,LRectongle and Square
G 3 Coordinates 2
Gl,q Right-zngled triangle
G I;b Isosceles and Equilateral Triangles

12

N L

BOOK 2.
G 2 | Rhombus nd Kite ' 1t 4 |52 il

(52,2 Parallelogroms, Triangles and .
Parallel lines J 214l 5 K

GZ,Si;ngles ~ rotation ' |

BOOK 3. |

Gsl Locus M3 I [ i ;

631 Caleulation of Dlstance : 5|4 211 2 |
5

(333 Transletion
Reflecti
G3,l+ ection

BOOK 4. .
GL}I Specificotion of Triangles 2] 1 ' 4-1 1 11112 9
Gq,zsmll'vr figures {3 312 1] 314

G 3Ror,atlonc.l and bllateral synuaetry
L"- of the circle

W

BOOK | 5. : ,
G"%l Vectors 1 512 12

GS'zTheorems and Converses

F
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BOOK 6.
G, 1 Dilatation

; aTangent and cngle properties of
Gb,2 the circle

ptinny HORTH- , YEAR
| (48—pesertre) M@ NTH sty 2nd ete.)
0ct Noy bec Ty Feb{Mar fpc Maw Jun IST 2433__34;%&1{1_,_
bli L, 212, 48
i | ;
11 S blb

b

BOOK 7.
G‘( {Composition of Transformations

~4-)Coorc11nﬁtos, Vectors and
Transformations

\
l:213: |
N , i

[}
31
.

}

}

T2

)
vl

5

TRIGONODTRY
15 Cosine, Sine and Tengent Functions
T’o, |Triangle formuloe

Thrce dime
To2

nsional trigononetry

[o)

v

G~

(O i | AN

V)
—_ = |n

ARITHHETIC

BOOK 1.
Arl,lLength, Area :nd Volume
Arl 7 Systea of Vhole Numbers

Fractions, rotios and percentages
Al 3

s

2

o~ b
N9

12

" BOOK " 2,

%l Decimals and the metric system
ﬁrl 2 Binary Nunmbers
A.r‘)_'glntroductlon to Statistics

_'_ er, L}Introduction to Probabil;ty

—

12

o [+

12

—

o N

o

BOOK 3.
' ﬁ’TSJSquare Roots

Pﬁ-g 2 Proportion
ﬁ.'%gbocml Arithmetic
Arz L‘_Nambcr Patterns and Sequences

AU

Wwiuv |—
U1 W |—

BOQX 4.
N-—_/_L | Use of Slide Rule

, Length, Area and Volume ussociated
: Ptf4—2 with the circle :‘

msApnlicationa of 'wrcentageé,
, discount, profit and loss,
interest

i PN"4.4~t::t1ﬁtlcs

f
3
H

w o e
N
















































































































































































































































































































































































































































































































