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FOREWORD

This is the ninth issue of the School Mathematics
Newsletter and it is scheduled to be published in the early
part of 1990. Its publication date therefore signifies
SMN's entering into a new decade, i.e. into the 1990s. It
may be of interest to note that we have included in this
issue a timely book review of "School Mathematics in the
1990s",

Qf all the articles contained in this issue, we are
pleased to note that more than half were contributions from
classroom teachers or a school headmaster or a college of
education lecturer, who would like to share their experiences

4and ideas with others on school mathematics teaching. The
rest of the articles were contributed by my colleagues in the
Mathematics Section, including an article on audio-visual aids
and one on check digit used on identity cards. We hope you

will again find the contents both interesting and informative.

I would like to thank all those who have sent in
articles to this issue of the SMN. I would also like to thank
my colleagues who have spent their valuable time to help
towards the preparation and final production of this newsletter;

their efforts and contributions are very much appreciated.

C. P. Poon

- . Principal Inspector (Mathematics)



BOOK REVIEW

School Mathematics in the i.9.903
C P POON

ICMI Study Series

G. Howson and B. Wilson
Cambridge University Press, 1986,
Pp. 104,

The International Commission on Mathematical
Instruction has been making a series of studies on topics of
current interest within mathematics education. The second
study, which gave rise to this book, was on School Mathematics
in the 1990s. The centrepoint of the study was an international
seminar held in Xuwait in February, 1986 and attended by an
invited group of mathematics educators drawn from thirteen
different countries., This book is based on the discussions in
that seminar and has been prepared by G. Howson and B. Wilson.
It is a compilation of views and aims to provoke and stimulate
further discugsions on such a vital subject.

In order to facilitate constructive discussion of
the issues concerned an 'alternatives and consequences!
format is used throughout the major part of the boock. For
instance, in the opening chapter which is concerned about the
changing demands on mathematics in the .modern technological
society, the question being asked is "Can we perceive a new
social role for mathematics education in a world in which
technology plays a dominant role?". Possible responses in

the form of two alternatives are indicated, each followed by a

number of probable consequences, but no definite answer is
given. By so doing it is hoped that more detailed local
debate can be initiated country by country while the present
study offers a framework within which such debate can take

place in a coherent fashion.

The next two chapters discuss *Mathematics and
General Educational Goals' and 'The Place and Aims of
Mathematics in Schools', and a survey is made on some major

general issues concerning the future of school mathematics.

Chapters 4 and 5 are on *The Content of School
Mathematics Curriculum' and 'Particular Content Issues' and
raise a range of important and interesting points such as
different approaches to curriculum planning, the problem of
differentiation of students, desirable skills and concepts}
and comments are made on particular issues such as
Probability and Statistics, Geometry, Applications,

Calculators, and Computers.

The next chapter is on 'Classrooms and Teachers in
the 1990s) and discusses the teacher's role in the classroom
and how much responsibility a teacher should take for pupil
agsessment, Chapter 7 makes a brief survey of the state of
research in mathematics education. Chapter 8 addresses
itself to the question of how changes are to be effected. The
last chapter is a short one pointing the way ahead and
stressing the need for more discussion and experimentation in
order to find answers to questions posed and to help ensure

that changes can be successfully effected.

In this medium-sized book the writers have set out
to ask a number of fundamental questions about school
mathematics in the next decade and about what they think

mathematics educators should be doing now to prepare for it.
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It should make a very informative and thought-provoking
reading for those concerned about new challenges that
mathematics education will face in the coming decade. The
book will probably not be able to prescribe ready in hand
solutions but surely will suggest some useful ideas for

thinking and rethinking about mathematics in the 1990s.

Mail entries to N

The Editor, School Mathematics Newsletter,

Mathematics Section, Education Department,
|_ee Gardens, Hysan Avenue, Hong Kong.

Deadline for entries is 21491990
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FROM IDENTITY CARD TO
CHECK DIGIT

Pi

Everybody knows his or her identity card number well
(e.g. AB15763(7)) but not so many people understand why the
right-most digit of the identity card number is bracketed.
This 'special' digit, known as check digit, is constructed in
such a way as to have a unique relationship with the identity
card number, :

Assume that an identity card number has a format
N, T, N, N4 N5 N (N7), where C, and C,
are alphamumeric, N 1 through N g are numeric and l\T7 is the check
digit. €, is normally left blank whilst C2 represents

1
alphabets s Ay B, Cy D +..e» etc. The coding rule for C1 and

represented by C1 o

02 are as follows

Alphanumeric Coding value
P$(blank) 58
A 10
B "
C 12
D 13

For an identity card muber to be valid, the following

relationship must be true 3
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9C1+802+7N1+6N2+5N3+4N4+3N5+2N6+1N7 a2 0 (mod 11)

(95 8y 7y 6 eeevs 2 and 1 are the weights)

The above rule states that the identity card number
should be multiplied by the chomen weights, using 1 as the
weight for the check digit itself; add the results and divided
by 11. There should be no remainder.

Let us take an example, Suppose the original
identity card number is A815763, the method of allocating the
check digit is as follows 3

(1) Multiply each coding value/digit in turn

by its corresponding weight and sum the
resultant products, i.e.

9x58%+8x 10+ Tx8+6x 14 5x 5+ 4x T+ 3x6+2x3 = T41
#Since a blank is in front of 'A'.

(2) Divide the sum by 11 and note the remainder,
ie€e T41 % 11 = 67 and the remainder is 4.

(3) Subtract the remainder from 11, and the
result is the check digit. Thus 11 - 4 = T,
and  the new identity card number complete with
the check digit becomes ¥AB15763(7).
If the check digit happens to be 10, the check digit
will be a two~digit number. To avoid this, the letter 'A' is
used instead of '10'.
The function of the check digit is to detect the
following types of operator errors when identity card numbers
are entered into large data~base file .
(1) Transcription error - wrong digit is typed
e.g. 'B723456' for 'B123456'

(2) Transposition error - there is an interchange
of digits
e.g. 'B321456' for 'B123456"
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(3) Random error — a combination of two or more

of the above errors, or any other errors not
speciried above.

Although 'modulus 11' is not the only check-digit
method available in data processing, it is probably the most
common one to detect input errors. In an investigation of
modulus 11 method, 100000 entries were examined, It was found
that such method could detect all types of transcription and
transposition errors, and in the errors detected the percentage

for random error was as high as 90.9%!
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A DEMONSTRATION.:
Classroom Teaching on
Similarity of Rectilinear Figures

M T Lam

fihtroduction l

It is not uncommon to hear that Mathematics is not
a creative subject as compared with other subjects like
Social Studies in which many modified games, interesting and
real-life material can be incorporated in the classroom
teaching, Part of the reason is that Mathematics itself is
mainly a rigid science of deductively linked symbolised
concepts. Each subject has its own nature., In no way should
it be an excuse to deprive the teachers of innovations in
designing teaching strategies and teaching aids, references
to ETV programs and related books, and awareness of the

classroom communicative skills,

[The Demonstrationl

Some schools are liberal enough to encourage inter-
forms, inter-subjects and inter-teachers observation and
appreciation of teaching methods so as to improve teaching
efficiency and effectiveness. The school which the author
has worked in has conducted an in-school training program
to nurture the inexperienced teachers in the summer, (In j
the program, micro-teaching is also employed.) The author
has demonstrated a 20-minute classroom teaching on
"Similarity of Plane Figures" for some S2 students. It aims
to show the fundamental techniques. In the following

narrative and explanation, some transcripts of conversations
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are selected to highlight the skills which have been : "Similarity of Rectilinear Plane Figures" was
3 written on the blackboard. It was the first time of the

teacher to use exposition in the lesson to explain

discussed after the demonstrations

Motivation
"rectilinear"., Actually, the student can be guided to
Beforehand, paper figures (Figures 1 to 6 at the discover the meaning.
end of this article), were prepared by cutting the drawing ‘ Student C : (Suddenly) You've written down
paper. Walking and facing the class, the teacher held up the "Congruence of Triangles". Why now
figures 1 and 2 and showed to the students. ! “Similarity of figures"
Teacher : Please observe. What do you discover? : Teacher : Ha! Hal You are so bright to ask this
Student A : They have the same shape. : question. Very goodl Just please
Teacher : Yes. But, can you give a betier term? walt to the end of the lesson, you
(The teacher stacked the triangles and . A
. will get some insight.
separated them.) Evaluating the student's answer is a necessary
Student A : They are congruent. feed~back to the student. Also, insight and creative
Teacher t Good. It's what we've learnt yesterday. observation should be recognised and appreciated, but side~-
"Congruence of Triangles" was written on the blackboard. tracking from or disturbing the main lesson plan has to be
Actually , not just vigorous games ca.r? be motivators, but ‘ avoided. The teacher's reply revealed his clear grasp of
also a short revision of the previous 1esson/topic through the lesson material and provoked the student's curiosity to
well-prepared handy paper figures, good guiding questions and concentrate to the last minutes.
body language, Remember to give reinforcement which is Teacher : He held up the figures 3 and 5.
deserved as a good motivator, : What do you observe?

Student D : Well. They are not similar. It's clear.

Devel opment
Teacher : You are right. Now, we all know. Some

Now the teacher held up the figures 3 and 4.

Teacher ¢ Now, look at these figures, Can you are similar. Some're not. I'm sure,

in your heart, you'll ask why.

describe them?
"When" will they be similar? Under

(The teacher stacked them and separated.)
what conditions?

! It was a good bridge to pursue the "Conditions for
: Similarity of Rectilinear Figures" through skillful
investigatory enquiries. .
Teacher ¢ You knowe. A book has some features, like
cover, printed words, pages. se.ece A

Student B : They have the same shapes But <.
different sizes ,

Teacher : Good description. They are similar
figures, that is, same shape but may be
different in size., Thank you. It's
the topic of this lesson.
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figure like this (The teacher is
drawing it on the board.) has what
features?

Student E : Straight lines,

Teacher : Yes, Any more?

Teacher : (After silence) Look here. Two'

straight lines meet to form what?

Student F : Angle ,

Teacher : Right. A figure has two main features,

Side and angle. So, it is quite
normal to study these two things.

Students were guided to investigate the conditions
about sides and angles. Figures 3 and 4 were used againe.
Figure 4 was overlaid to figure 3 and the corresponding
sides are compared slowly (Figure 7).

Teacher : Look at the two sides of different

colours., What do you discover?

Student G : One's long, one short.

Teacher ¢ Yes, you have to further compare the

lengths.

Student G : I think it's 2 to 1.

All other pairs of sides are studied. Then figure 5
was compared with figure 3 in the same way., The students had
to answer whether there was a same ratio and then whether
they were similar. Actually, the students themselves
discovered the first condition. The skill in discovery

process and the discovered knowledge will bring them

achievement and therefore the satisfaction will becbme their

intrinsic motivation. They will also transfer the discovery

and investigatory idea to other topics and even other subject.

In the process, the used figures are attached to
the blackboard one by one. Any discovered condition was also
stated onto the board. (See Figure 8)

ok

Then the students were led to think whether the
side condition was sufficient. Figure 6 was overlaid to
figure 3. The ratio of the corresponding sides were equal ,
but the students also said the figures were not similar.
Again through the discovery method, they found out the
condition about corresponding anglese Students were also
invited to construct the statements of conditions, which
were polished to be smooth and accurate.

The last step was to re-check whether they under-—
stood the necessity of both conditions. Figure 5 was
overlaid to figure 4.

Teacher : How about the corresponding angles?

Student H : Equal.

Teacher ¢ Are the figures similar?

Student H : No.

Teacher : Why not?

Student expressed that satisfying the condition for
angle was not sufficient.

It was noted that the teacher used binary question

only once,

Consolidation

The teacher consolidated what had been learnt in
the lesson since the motivation at the beginning. He also
stressed the fulfillment of both conditions in order to
judge whether iwo rectilinear figures are similar. Also, in
a good consolidation and closure, the teacher sghould link the
present topic to the coming topic. This aimed %o establish a
systematic conception of the subject.

Teacher : What we've discussed is about gimilar

figures. One of you (The teacher may
nominate his name.) may tend to think

about similar "triangles". Of course,



triangle is one kind of rectilinear
figures. Do the same conditions apply
to triangles? Both conditions? More
than these two? Only one of them?

Teacher : (After silence for a while.) I'm
going to give you some hints,

Figures 9 and 10 were drawn on the
blackboard.

Teacher ¢ Suppose that the figures have
flexible joints but fixed lengths of
sides. Pull at A and B, Will the
triangle change shape?

Student I : No,

Teacher ¢ Will the quadrilateral change shape?

Student J : Yes.

Teacher ¢ Yes., Think about the difference.
Tomorrow, we will follow this and
discuss the conditions for the
similarity of triangles,

Such kind of a closure enabled the students %o
link up the topics and keep the searching interest. At last,
the teacher pinned the papei‘ figures onto the class board so
that the gtudents can study them at spare time.

Conclusion

In the teaching process of Mathematics; students
are expected tc; obtain knowledge, gain skills of calculation
and solving problemé, and nurture an attitude towards
appreciating Mathematics and logical mind. However, before
complaining about the ability of the students, the teacher has
the utter responsibility to improve his teaching strategy.
For the demonstration, the teaching methods easily come to

the author's mind, and the material used is handy and easy to
make,
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Paper figures are used (most useful in teaching
geometry) because they are easily prepared and oan be
rotated in any degree so as to enhance the students!
comprehension of space., Overhead projector is good for many
topics (eege statistics). When there is no OHP, the teacher
has still to explore the advantages of chalk and board, e.g.
the board can scan out clearly a logical sequence of diagrams
and statements. Teachers usually hold that expository
approach which is most convenient and time-saving. However,
student-centred methods, e.g. experiment, discovery method,
enquiry approach and discussion, are preferred by the
anthor because the process itself helps students to acquire
learning techniques and to develop interest in Mathematicse.
Also, classroom language is commonly ignored unintentionally.
Teaching is an inter-pérsonal communication process. Then
language techniques (e.g. framing, questioning, nominating.
names, prompting for better answer, paraphrasing, evaluating
the answers, encouraging and linking topic to topic) are
directly affecting the teaching processe

Such kind of in-~house demonstration and interflow
of experience are highly recommended so as to raise teachers'
a.warex;ess and readiness to reflect on methods. Teaching and

learning effectiveness can be improved. Teaching Mathematics

is not boring!

( Congruent to Figure 1 )
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Edges differently
coloured thick
’ / to facilitate
comparison

Figure 3 Figure 4 A kite
A kite ( Similar to that in
Figure 3 )
Figure Figure 6

( Same corresponding
angles to that of
Figure 3 )

A kite as distorted from
that in Figure 4

"!

Figure 7
The corresponding sides of Figure 3

and Figure 4 compared pair by pair

Congruence of Triangles Condikiamd o Thaiv " He
Siinilond of / Woiarlly Hg*ﬁdjtom
peeliliann igos @) Abodk sidea . of Ariamgles ?

o it of o Comtipeding gy,
: AND  Sidss of Ka fin finursa {

AYNANT T oA

(o angl: :

Q it I, 9 Y
Y
Figure 8 . (Pigures 9 & 10)

The final layout of the blackboard with accumulated
teaching points on it. ( Colour chalks were used
where necessary. )




FRESH CLASSROOM IDEAS

Tse Ping Nam

(I) USE OF BISECTION METHOD TO OBTAIN EQUAL ROOTS OF AN

EQUATION

The method of bisection has been widely employed as one
of the iterative methods to approximate the roots of an
equation. Though with a slower computational speed,
this demerit has been offset by its simplicity to use
as a tool for beginners. The principle underlying

this method originates from one of the theorems on

continuity :

THEOREM : If a function f(x) is continuous on the

interval a £ x £

~' -~

b and if f(a) and

£(b) have opposite signs, there is at

least one value x, for which f(xo)-O

where a ¢ x0< be

Therefore, by continual halving the interval, a better

accuracy of the root X is achieved.

In addition, students will
usually be reminded of two
intuitive cases in which
the method of bisection
does not work. The first
case is when a function
"has a disconfinnity in

the interval where its
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yafis)

y=fw)

-

——f

Fig. 1

value changes signe As shown in Fige1, f(c) is undefined
implying that f£(x) is discontinuous at xwc. As a result

" the equation £(x)=0 has no root between x=a and x=b even

though f(a) and £(b) have opposite signs, thus showing
that continuity throughout the interval is essential.
The second case relates to an equation f(x)=0 which has
equal Toots, for then the values of f(x) do not change .
sign since the gra.ph‘of the function y=f(x) touches the

x—axis (Fig. 2a)

5\ y=Ffo o
|
|
1
\III\ | |l X
0 a | Xo | b
| ! | @)
b !
L |
-ve slope | +ve slope .
| ! g=Fx)
Y | .

j

[« P,

¢b)

Fig. 2
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However, a sketch of the gradient function £f'(x) in

Fig., 2b reveals an important property that if a function

f(x) touches the x-axis at

Xy and hence the equation

f(x)=0 has equal roots, then the graph of its gradient
function y=f'(x) must cross the x~axis at x. such that

the values of £'(x) change

Therefore the value of the equal roots of f(x)=0 can be
obtained indirectly by applying the method of bisection

to the gradient equation f!

examples show how it works,

Example 1 It is given t

0
sign across ite

(x)=0. The following two

hat the equation 4.91&’.4 +

84x3-174x2+44x-3=0 has equal roots

around 0.14.
three decimal

Estimate the roots to

places,

Solution : Let f(x) = 49x4+84x3-174x2+44x—3

Mid-Value

Value of
+ - -
. 1 = 0.,1438 —0424862
0.1425 0.1438 0.145
+ - -
- . + 0.1432 ~0.09047
0.1425 0.1432 0.1438

£1(x)m 1962425252348 x+44
£1(0.13) = 3.44941 and

"o the roots = 0.143 (3 d.p.)

Example 2 ¢ Find, to two decimal places, the root of
gin 3x - sin x + 2 = 0, for 1.5¢x{ 1.7

Solution : Let f(x)

= gin 3x - sin x + 2

£(1.5) = 0.02497
£(1.7) = 0,08252

These lead us to believe that the values
of £(x) do not change sign across the roote

£1(0.15) = - 1.8685

Mid=Value Value of
+ + -
. 4 - 0.14 0.75702
0.13 0.14 0.15
+ - - .
L. L of 0.145 -0,56417
0.14 0.145 0615
+ + -
L . L 0.1425 0.09433
0.14 0.1425 0.1385

102

That is, the graph of y=f(x) touches the

x-axis, Upon differentiating f(x),

£1(x) = 3cos 3x - cos x and

£1(1.5) = =0.70312
£1(1.7) = 1.26278

Mid-Value Value of
Interval (I) f'(x)
- + +
= o 1 1.6 0429170
145 1.6 1.7
- - +
b L —te 1455 -0,20784
165 155 1.6
103




(m)

Mid-Value Value of

- +
— L 14575 0.04204
1455 1.575 1

1455 1.5625  1.515

- - +

2 L 1,5688 -0.,01996
1.5625  1.5688 1,575

L]
b+ O\ P+

145625 -0,08296

- + +
,* L +| 1.5719 0.01104
1.5688 1.5719 1.575

«'e the root = 1.57 (2 depe)

To sum up then, if the graph of a function y=f(x)
touches the x-axis at x, such that f(xo)-o, and if
f(x) is differentiable around X, then the value of
x, can be found by applying the method of bisection
to solve the gradient equation f'(x)=0,

SUM OF ANGLES OF A CONCAVE POLYGON

Introduction

Every mathematics student should have come across two
fundamental geometric theorems about finding the sum of
the interior and exterior angles of a convex polygon.

They are

104

THEOREM 1 : The sum of the interior angles of a
convex n-sided polygon is (n-2)180°.

THEOREM 2 : If the sides of a convex polygon are
produced in order, the sum of the

exterior angles so formed is 360°.

However, most students are seldom taught of the applic-—

ability of these two theorems to a concave polygon. It

ig thus questioned : Would the theorems be independent

of the types of polygon? If so, it would be highly

advisable to demonstrate this property to students, who

can then apply the theorems to any polygon, whether it

is convex or concave. In this article, the proofs of

the above theorems are briefly discussed, and their

extension to a concave polygon will then be elicited

and elucidated.
Proof of THEOREM 1

Generally, there are two different ways of finding the

sum of the interior angles of a convex polygon.
METHOD 1 : Fig. 1 shows a pentagon. Take any point 0
inside ABCDE and join it to

each vertex, thus forming five A £

triangless Thus, for an
n-sided polygon, there would
be n such triangles obtained D
by the construction,

Fig. 1

Therefore,

sum of interior angles of polygon + sum of angles at O

= sum of angles of n triangles
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«'e sum of interior angles of polygon = n(180°) - 360°
= (n-2)180°

METHOD 2 ¢ Pig,2 illustrates how a hexagon can be
divided into 4 triangles. Accordingly, there would be
(n—2) triangles formed if the polygon has n sides,

A A
F F
8 8
E
c & C
D D
Pig. 2
Thus, sum of interior angles of polygon = (n-2)180°

Extension of THEOREM 1 to a concave polygon

Fig.3 illustrates two concave polygons ABCDEF, It seems

it is not always possible to find an interior point 0O
such that, when O is joined to each vertex, the polygon
is divided into four triangles. Therefore Method 1 given

above does not always hold for concave polygons.

A E .
A F
F
' <
(4 D ’ p ’
E _ 8
B

Fig. 3
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However, as shown in Fig, 4, the method of dissection
may seem to apply readily. Thus Method 2 would apparently
hold for any type of polygon, giving the same result
(n~2)180" «

A F

Fig. L

A more rigorous proof has been developed and is
presented in the following., This method is done by
first reducing a concave polygon to a convex polygon,

for which the angle-sum theorem can then be applied.

Consider a concave pblygon with one re-entrant angle,
In Fig.5, / Ry is the re-entrant angle. By joining -
A3 A4, the original
6-gided concave polygon
A A, A3 R1 A4 A5 is
reduced to a 5-gided
convex polygon. It
can be seen that the

angle~sum of the

convex polygon includes

Fig., 5

two extra base angles,
/1 and /2, with the
re-entrant angle, / R, being excluded. So, before any
generalization can be made, it is necessary to (i) relate
the re—entrant angle to the base angles and (ii) determine
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the number of sides of the reduced convex polygon from
the original concave polygon.

For the first point, consider Fig. 5 again that
J °
l1+/2+/[3=180° and /3 =360 - /R,
hence
L1+/2=/R -18°
Similarly it can be shown, for a concave polygon with
two re-entrant angles, that,
in Figs 6(a) [ 1+ /[2=/R, + [ Ry~ 2(180°)
in Fig. 6(b) /1+ /2= /R, - 180" and
(-]
L3+/4=/R,~180

such that L1+/[2+/[3+/[4=/[R +/[R,~2(180")

A

[4°9]

Fig. 6
with more practices, a general relation between the
sums of re-entrant angles and the corresponding base

angles is established :

sum of base angles = sum of re-entrant angles —

(number of re-entrant angles)180°

with regard to the second point, it can be observed
readily from Figs. 5 and 6 that the number of sides of
the reduced convex polygon is equal to the d.i-fference‘
between the number of sides of the original polygon and
the number of re—entrant angles,
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‘Let's apply the above concepts to a more complicated

figure, as shown in Fige Te

Ay

Figo 7

As

Number of sides of the original concave polygon = 10

Number of re-entrant angles = 4
«"e Number of sides of the reduced convex polygon= 10-4
. -6

Then by Theorem 1
Sumo’f‘salientangles+[1+[2+[3+[4

= (6-2)180° (1)
But
[1+[2+[3+L4-LR1+LR2+'LR3+LR4-
4(180°) (2)

Putting (2) into (1)
Sum of salient angles + / R, + [Rz + ZRB +[R.4
= (6-2+4)180°
ieee Sum of interior angles of the original polygon

= (10-2)180o

Now, suppose a concave polygon has n sides with m re-
entrant angles. It should be noted that the orginal
polygon would become convex if m=0. Then

Nuxhber of sides of the reduced convex polygon= n-m

with angle-sum=(n-m~2)180°

109




.

i.e. Sum of sa.llent angles + sum of base angles
- (n-m-2) 180°
Since sum of base angles = sum of re-entrant angles -~
n(180°)
o's sum of salient angles + sum of re-entrant angles
= (n-m-2+4m)180°
i.e, sum of interior angles of the concave polygon

= (n-2)180°

It is thus proved that Theorem 1 also holds for any

concave polygon.

Proof of THEOREM 2

Fig. 8 represents any convex
pentagon ABCDE with its sides
produced in order, such that
all the exterior angles
formed at each vertex are
turned through in anti-
clockwise direction. At

each vertex,
interior angle + exterior angle = 180°
Therefore, for any convex n-sided polygon, there are n
vertices such that

Sum of interior angles + sum of exterior angles

= n(180°)
But sum of interior angles = (n-2)180"
o'« sum of exterior angles = n(180°) - (n-2)180°

= 360°

Bxtension of THEOREM 2 o a concave polygon

It should be remembered that an exterior angle is the
angle between any side of a polygon produced in order
and the adjacent side of the polygon. Therefore, the
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exterior angles to the concave polygon as shown in
Fig. 9 can be precisely located according to the above
definition.
Let / A; = (interior) salient angle
[ By = exterior angle
corresponding to
Iy
/ Ry = (interior) re-
entrant angle
/ e; = exterior angle
corresponding
to [ Ry
Then /A, = 180° - / E,
and [ R;= 180" + [ e,
Refer to Fig. 9 sum of interior angles = (6-2)180° (proved)
.e.[A1+LA +[A +LA + [ Ry + [ R,
= 4(180°) (4)
From (3) [/ A, +[A +LA +LA
.4(180)-([E +[E +[E +LE)
3
and LR, +[R-2(180)+([e +Le)

On substituting these two expressions into (4), and

— (3) Pig. 9

after regrouping,

LE +/[E, +LE +[E +Le + [,

=2fey +2[ e, + 360 (5)
i.es Sum of exterlor angles is greater than 360°
However, it should be noted that all the / E, turn
through anti-clockwisely while all the / e, clockwisely.
So if a sign is attached to each exterior angle to
indicate the direction through which it has turned, then
upon rearranging the terms in (5),

LB, + L)+ LB+ [B + (<Lo) + (- o,) = 360°
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in which a positive angle signifies an anti—clockwise

direction

The sign designation can be further simplified by
assigning a positive value to the exterior angle
corresponding to an interior salient angle and a negative
value to the exterior angle corresponding to an interior
re-entrant angle, i.e., L Ei is positive and [ e, is

negative.

Therefore, it can be stated, using the latter
designation, that
the algebraic sum of exterior angles = 3,60‘7

Now suppose a concave n-—sided polygon has m re-entrant

angles,
Then
sum of interior angles = (n—2)180°
iees sum of / A, + sum of YA R, = (n~2)180° (6)
From(3) sum of / A = (n~m)180° = sum of / Ei')
and sum of / B, = m(180°) + sum of A e, g —(7)

Substituting (7) into (6), and upon rearranging,
[}

sum of / B, - sum of / e, = 360 .
ieBe algebraic sum of exterior angles = 360 —— (8)
Thus it is proved that when the concept of exterior
angle is extended to concave polygons, the algebraic sum
of the exterior angles is still given by 360°. Indeed,
it can be shown, by putting m=0 into the expressions,
that the result for convex polygons is just a special
case of (8).
Summary .
This article has demonstrated that both convex and
concave polygons have some common properties, and has
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shown that the sum of the interior angles, as well as the
algebraic sum of the exterior angles, of any polygon does
not depend on the types of polygon.
The two angle-sum theorems can be re-stated as follows :
THEOREM 1 : The sum of the interior angles of any
n-sided polygon is (n-2)180°
THEOREM 2 : If the sides of any polygon are produced
in order, the algebraic sum of the
exterior angles so formed is 3600, with
the exterior angle, corresponding {o an
interior salient angle, taken as positive,.
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DO YOU KNOW?

30th International Mathematical Olympiad 1989 (30th IMO)

The 30th IMO was held from 13 to 24 July 1989 in
Braunschweig, Federal Republic of Germany (West Germany). It
is the second time for the Hong Kong Team to participate in
this international mathematical competition. The performance
of thelﬁong Kong Team was very encouraging. They had leapt a
greét step forward---having won 2 silver medals, 1 bronze
medal and 1 honourable mention {Last year : 2 bronze medals
and 1 honourable mention). Among the 50 participating
countries, Hong Kong Team was ranked 17th according to the
total score {Last year : 24%h), better than>a11 British
Commonwealth countries like Canada (19th), Great Britain
(20th), Australia (22nd), India (25th) and New Zealand (33rd).

Our heartfelt congratulations!

Members of the 1989 Hong Kong Team were
TAM Ting-kin, CHAN Kai-pak, CHIU Shin-yeung, MAN Lai-chee,
YAU Shuk-han and CHOY Shu-hung. They were selected from 246
Secondary 5-6 talented students of 62 schools in a Selection
Contest, (Please note that they were not selected in the
Hong Kong Mathematics Olympiad)

Hong Kong Mathematics Olympiad (HKMO)

The Heat Event of the Sixth HKMO was held on 10
December 1988. Two hundred and six (a new record) secondary

schools had participated in the competition. Among them,
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forty schools with the highest scores had been selected to
take part in the Final Event which was held on 28 January
1989. The results were extremely satisfactory. The Champion
was King's College. The 1st Runner-up was Ha Kwai Chung
Government Secondary Technical School and the 2nd Runner-up

was Queen's College.

In order to promote the Seventh HKMO, a Poster
Design Competition was also held. There was a total of fifty-
four entries. The Champion was TANG éau—mei (Jockey Club
Goverhment Secondary Technical School). The 1st Runner—up was
YONG Koon-wan (St. Stephen's Girls' College) and the 2nd
Runner-up was KWAN Wing-kai (Queen Elizabeth School).

The Seventh HKMO was scheduled to be held on 9
December 1989 and 20 January 1990. The response from school

was very good.

Statistical Project Competition for Secondary School Students

The aim of this competition is to provide an
opportunity for students to apply their statistical knowledge
to real situation and hence to help promote students' interest

in studying statistics.

The results of the 1988/89 Statistical Project
Competition were as follows :-
(o) Junior Section : 1st Prize, Diocesan Boys'
School; 2nd Prize, Belilios Public School, 3rd
Prize, King's College.

(B) Senior Section : 1st Prize, Wong Tai Shan
Memorial College; 2nd Prize, Queen's College;
3rd Prize, Kwun Tong Government Secondary
School.

The 1989/90 Competition is in progress. The results
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will be announced in March 1990,

An Engligh-Chinese Glossary of Terms Commonly Used in the

Teaching of Mathematics in Secondary Schools {Supplement)

The First Draft of the Supplement prepared by the
Curriculum Development Council has been issued to all
secondary schools in November 1989. This glossary is intended
to facilitate the wider use of Chinese as the medium of
instruction in 6th Form Mathematics as well as Secondary 4-5
Additional Mathematics. A similar glossary which is mainly
for Secondary 1-5 Mathematics had already been issued to

school in 1988, These two booklets are often used together.

1988—89 School-based Curriculum Projects

School-based curriculum projects refer to projects

~developed by school heads and teachers to suit the curricular

needs of the pupils in their respective schools. It is
considered essential for the projects to serve the purpose of
complementing or supplementing the centrally designed

curriculum.

In 1988-89, one project related to mathematics
learning had been developed, tried out and chosen for
exhibition., The project title was "Learning of Geometry at
Primary Level through the Use of the Computer". Its main
purpose was to prepare some computer-aided learning softwares
for teaching the properties and relations of lines, angles,
surfaces and solids, allowing pupils to work in a "trial-and-
error" and self-correcting manner. The project designer was
Ms. LAI Po-yin of PLK CHee Jing Yin Primary School (AM) and

she had been granted an award and the production expenses.
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FROM THE EDITOR

I would like to express my gratitude to those who
have ocontributed articles and also to those who have given
comments and suggestions. Do you notice that in this issue
the layout of the articles printed in English makes reading
more comfortable than that in the past issues? This is one of
the changes in response to readers' opinions.

The SMN cannot survive without your contribution.
Therefore, you are cordially invited to send in articles,
puzzles, games, cartoons etc. for the next issue. Anything
related to mathematics education will be welcome. We
particularly need articles on methodology, fresh classroom
ideas and experience sharing. Please write as early as
possible s

The Editor,

School Mathematics Newsletter,
Mathematics Section,

Advisory Inspectorate,
Education Department,

Lee Gardens,

Hysan Avenuse,

Hong Kong.

For information or verbal comments and suggestions,
please contact the editor on 5614364 or any member of the
Mathematics Section on 8392488,
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