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e Using Problem Solving as a methodology
to explore geometry construction
In context

e Geometry construction: connections
within Strand 2
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Constructions TME [JC [T |[IC[IC [IC

(Supported by 46 definidons, 20 propositons, 5 axioms and 21 | Iowed | ORD | HR | FN | OED | HE
thearems) -ourse

1 L 4 CE T
il Bisector of an angle using only compass and swaight edze

¥l o Y o o 'l
sl Perpendicular bisector of 2 segment, nsing only compass
and straight edze.

3 L
s Line perpendicular toa given line |, passing throwgh a given
poind not on L

4 o / 4 |4 4
g Line perpendicular toa given ling |, passing through a given ! Smﬂ %ﬂ!
poing on L.
5 o 4 d o 4 J L'y (hiF @@ :
i Line paralle]l to siven line through a given point. I LY
] o ] FIRE ] @ % @

m Division of a line segmnent into 2 or 3 eqgual segments
without messuring it.

[

7 |Division of a line segment into any munber of aqual segments, 4 s-h
without measuring it. w’u 1
g Ll ] CE] 4 [
pi Line sezment of 3 given length on 8 ziven ray. s M e,
g ] '‘BEERE , t'and 2 9
s Angle of 3 given munber of degress with 3 given ray as one . 17 ' S&a
am ) gy | nd 4
10 Y FIRE 'l |
wi Trizngle, siven lenzths of 3 sides.
11 Y FIRE 'l
mil Triznele miven SA5 data.
12 ] CIE N
i Trisngle, given ASA data
13 Y FIRE 'l
pi  Fight-angled triangle, given length of hypoteanse and one
other side
14 ] CIE N
pi  Fight-angled mizngle, given one side and one of the aone
ansles.
15 ¥ 4 [+ |
pi Factanele =iven side lensthe,
14 o d

# Ciroomcentre and cironmcincle of 2 given riangls, nsing
only siraight edge snd compass

17 o 0
# Incentre and incircle of a mangle of 2 Ziven rizngle, nsing
only siraight edee snd compass

1% 4 |4 ¥
i Angle of 07 without using a profractor or set sguare.

12 K 4
pil Tangent to 2 given circle st 8 given point on it

20 EIRE 4
#i Parallelogram given the length of the sides and the measure
of the angles

i Cenmoid of a miansie

ﬁ Orthocenire of 3 manglas.




..
7 Constructions to Study

The instruments that may be used are:

straight-edge: This may be used (together with a pencil) to draw a straight
line passing through two marked points.

compass: This instrument allows you to draw a circle with a given centre,
passing through a given point. It also allows you to take a given segment
[AB], and draw a circle centred at a given point C' having radius |AB].

ruler: This is a straight-edge marked with numbers. It allows you measure
the length of segments, and to mark a point B on a given ray with
vertex A, such that the length |AB| is a given positive number. It can
also be employed by sliding it along a set square, or by other methods
of sliding, while keeping one or two points on one or two curves.

protractor: This allows you to measure angles, and mark points C' such
that the angle ZBAC made with a given ray [AB has a given number
of degrees. It can also be emploved by sliding it along a line until some
line on the protractor lies over a given point.

set-squares: You may use these to draw right angles, and angles of 30°,
60°, and 45°. It can also be used by sliding it along a ruler until some
coincidence occurs,

14:10
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Students Students should be able to

learn about

2.5 Synthesis | — explore patterns and formulate conjectures
and problem- — explain findings

solving skills — Justify conclusions

— communicate mathematics verbally and in written form

— apply their knowledge and skills to solve problems in familiar and unfamiliar contexts

— analyse information presented verbally and translate it into mathematical form

— devise, select and use appropriate mathematical models, formulae or technigues to process
information and to draw relevant conclusions.
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In a remote area of Australia the Royal Flying Doctor Service
has a base located at E and another base located at F.
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In a remote area of Australia the Royal Flying Doctor Service
has a base located at E and another base located at F.

All emergency calls are received at a central call centre and
are then transferred to the closest base.

The map of the area shows the position of the two bases.

You need to divide the area into two regions so that any
emergency Is responded to from the nearer base.

The scale on the map is “grid square side = 20km”.

See Workbook: Page 19
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Hint 1: Mark in and name a point which is the same distance from both aircraft bases.
I = Mid Point [EF]
Hint 2: s/are there other point(s) which is/are the same distance from both aircraft bases and

if there is/are where would it/they be?

Infinite number of points through T perpendicular to [EF]

(i) Is there a special name for the line which you have drawn?

Perpendicular bisector (Mediator) [EF

(i)  What is the approximate area of each region?

E:|14.800 km?| ~ F: {10,800 km?

(ifi)  The number of emergency calls is consistent for all of the area. You have 56 people overall to
staff the two aircraft bases. How many staff do you need at each base?

E: | 32 people F:| 24 people

14:10




(i)  What is the approximate area of each region?

E: 14,600 km % F: 120,800 km?

(i)  The number of emergency calls is consistent for all of the area. You have 56 people overall to
staff the two aircraft bases. How many staff do you need at each base?

E: | 32 people F: |24 people

(iv)  The area has recently received government funding to set up one specialist emergency
neurological team which must service both bases. Assuming the number of emergency calls is
consistent for all of the area, where is the best location to place this team? Give a reason for
your choice.

ay

At T the mid point of [EF]

~
J
~

10°1S

as this 1s-equidistant from both t
he equidistant

also the shortest qgistance of all i

)
)
Q
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Construction 2. Perpendicular bisector of a line segment. Reset 2
Instructions: Click on the Tick Boxes in sequence to show construction steps.

Tick Boxes
A
rB
m#

rD
rE
rF

rG

See Student CD
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In the diagram below t is the perpendicular bisector
[AB] and the point of intersection is C

14:10




By letting D be a point on t what can you say about
triangles ACD and BCD, giving reasons for your
answer?
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Now look at triangles ACD and BCD. What can you
say about these triangles, giving reasons for your
answer?
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In a different remote area of Australia the Royal Flying
Doctor Service has a base located at P another base
located at Q and another base located at S.

All emergency calls are received at a central call centre
and are then transferred to the closest base.

This map of the area shows the position of the three
aircraft bases.

You need to divide the area into three regions so that
any emergency Is responded to from the nearest base.

The scale on the map Is

grid square side = 20km”.
14:10 E 20& 21 ]
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(i)  What three lines have you drawn?

- N L5 Ny J e P Ay P A 1 "AACT A~ L‘r\l-ﬂ
{:'h?é‘l cyial A;b:',lU[é» U lf Y1, L] ally Jor |
(i)  Have these three lines intersected at a common point?
es at
L
(iii)  What do you notice about the distances from the point of intersection to each aircraft base.
They are all equl
(iv)  What does the above result indicate to you?
A _clrcle can|be drawn thirough e points P\, | Q ana S
itiricentre at T
I-is-the-cirecumeentre
anad
the caircleis the circumcircle of the triangie |PQS
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(v)  What is the approximate area of each region?

P:|5,600 kny¥ Q12,800 ki < §:\7,200 kn¢

(vi)  The number of emergency calls is consistent for all of the area and you have 168 people
overall to staff the three bases. How many staff members do you need at each aircraft base.

J

P: |37 people Q:| 84 peoplg S:147 peoplg

14:10




(vii) The area has recently received government funding to set up one specialist emergency
neurological team which must service all three aircraft bases. Assuming the number of

emergency calls is consistent for all of the area, where is the best location to place this team.
Give a reason for your choice?

ML)

as ytiis-equidistant from-aff threefiospitals
ime-to.each-haspital s.egual.

=’ ¥

%)
N\
U
o
(@)
:l
1))

\

~S

M

(o
C
L

S~

Therefore|no hospital s disaavantaged

Would the location you selected above always be the best location regardless of the relative

(viii)
positions of the three aircraft bases? Give a reason for your choice.

14:10




Construction 16. Circumcentre and circumcircle of a given triangle, using only straight edge and compass. Use in connection with Student Activity construction16.
Click the boxes in alphabetical order.

See student CD




B .
During a recent earthquake in the western United
States, three cities recorded identical measures of
Intensity from seismographic readings taken at the
same time.

Since the seismographic readings were the same,
each city was the same distance from the epicentre
of the earthquake.

In the space below, using only a straight edge and
compass show how the location of the epicentre of
the earthquake can be determined.
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e —
Location of the circumcentre of a triangle

14:10




B .
Take each of the three triangles, cut them out and

locate the circumcentre of each triangle without
drawing any construction lines.

>

T3

14:10 22 & 23




Fold from corner to corner resulting in the fold line being the
perpendicular bisector of the side between the two corners.
Do twice, then the circumcentre is the intersection of the two folds.

14:10













Take each of the three triangles on the handout, cut them out and locate the circumcentre of
each without drawing any construction lines.

(i)

(i)

In triangle T7, what can you say about the size of all of the angles?

(iii)

tion to triangle T1, where i

the circumcentre located?

—

Do you thi

is will be the case for all triang

D

What type of triangle is

(vi)

What name is given to t

(vii)

is the circumcen

S

14:10
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(vii) In relation to triangle T2, where is the circumcentre located?

~—Onthe hypotenuse  midpoint) |||
(viii) Do you think this will be the case for all triangles of this type?
| TT] ZEEn

| 1 ] | .' .i

What name is given to the largest an

————

ep—

11/
(& ¥ re

Could you loca‘t;fho ircu . of

Give a reason for your response to the prwin»us question?

The bisectors will intersect outside th
think this will be the case for all tri g
(T | (111 ] |
EEEEEEEEEEEENZEEEEE | | 1T

SR R

(xiii) Formulate a conjecture to indicate where the circumcentre of any triangle is located?

| |

|
__]L,



Construction 16. Circumcentre and circumcircle of a given triangle, using only straight edge and compass. Use in connection with Student Activity construction16.
Click the boxes in alphabetical order.




Geometry construction:
connections within Strand 2
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Three roads, as shown, join three villages A, B and C

A mobile phone mast is to be erected In the area between the
villages. B

It was suggested that it would
be fair to erect it at a point
equidistant from the three

villages.
g 10

Why was it not possible to do so?

See workbook page 24
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Not possible

That point Is the
circumecentre.

In a right angled triangle
the circumcentre Is the
mid point of the
hypotenuse.

In this case that would be

on the road fromAtoC °

exactly mid way between
H)l%se two towns

10




It was then decided to erect the mast
at F, which is equidistant from the

three roads.

How far is the mast from each road?

14:10
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How far is the mast from each village
(as the crow flies)?

14:10




How far is the mast from each village I
(as the crow flies)?

p+9g=10 (1)
p+t= 8 (i)
q+t= 6 (i)

sub (iv) sub in (1ii)
g=4 t=2
14:10




How far is the mast from each village
(as the crow flies)?

In ABFD
BF|* =22 + 67
BF| =40
BF| =6.325 | o
CF| =22 +22
CF| =/8
In AAFE CF| =2.828
AF[" =22 + 47
AF| =+/20
AF| =4.472
14:10




D e,
A fishing community has applied to the County

Council for planning permission to extend their
memorial to those lost at sea.

The memorial is located in the park close to the pier
(see diagram), and consists of bronze statues of
three fishermen.

To complete the memorial the community wish to
locate a bronze sculpture of a damaged fishing boat
at a point which is the same distance away from the
statues of each fisherman.

Suggest one reason why the County Council might

Jefuse planning permission. 2




Fis erman

See workbook: Page 25

14:10
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d ] 'shermanB /

— Fisherman, / /

Fis erman

Boat

The extended memorial
would not fit in the park

14:10




D e,
Note : - while the circumcentre Is equidistant from all
three vertices, there are points which are closer to all
three vertices

Radius = 5.02 Circumcentre




.
Radius and Area of Circumcircle

Circumcentre

a2

14:10




A regular tetrahedron has four faces,
each of which is an equilateral
triangle.

A wooden puzzle consists of several
pieces that can be assembled to
make a regular tetrahedron.

The length of one edge of the
tetrahedron is 2a.

The manufacturer wants to package
the assembled tetrahedron in a clear
cylindrical container, with one face
flat against the bottom and the apex
just touching the top.

If the volume of the cylindrical
container is 8v6 _ .

See workbook: Page 27

Find the height of the puzzle

14:10 9 ‘




B .
Radius of cylinder = radius of circumcircle

2a
251n60°

2

J3

2a
Z2)

J3

Area of circular base = 7 (

B Ara®
3

15:21
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9  4za’

~2J6a 2J2a _ |2

=2.|—a
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In a public park the gardener measures the distances
between the only three trees using a measuring tape.

The distances are 31.83m, 25.75m, and 29.27m.

He wishes to fence off a circular play area in which to
nlace swings and have the three trees as part of the
perimeter of that play area.

What area of the park will he be fencing off?

14:10




in ~nABC

_,31.83% +25.75%* —29.27°%

L = Cos
2(31.83)(25.75)

3 = 60°
in ABDE

14.64
radius

Sin60° =

14.64
Sin60°

radius =
radius =16.9m

Area play area = 7(16.9%)

Area play area = 897m?

radius




Look at the tulip:

the longer petals make
an equilateral triangle,

the short petals make
another equilateral
triangle, so that triangles
have the same
perpendicular
bisectors.

Thus the centre of the
circumcircles is the
same for the two
triangles.

14:10

Circumcircle in Nature

As the triangles are equilateral the
common circumcentre is also the
common incentre, centroid and
orthocentre
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summary

« Using Problem Solving as a methodology
to explore geometry construction
In context

 Geometry construction: connections
within Strand 2




Have you accessed and/or used resources in class from the following websites.....

Have you accessed andior used resources in class from the following websites. .

Fatterns: A Reiotions Approoch to Algetrg” dooument featured on the homepage which
explores linear, quadratic, ocubsc, inverse and exponential relationships

Proje=ot Maths Mews updates

Teaching and Learming plans

Teacher Handbooks which molude a suggested sequenos and & suggested number of olasses
for warious lesson ideas

Student’s (D (which mow inoludes all 5 strands] with the Sthident Sotivities in olas
Syllabuz and Resources Documents which matoh resouroes to the syllabus

Booklets, powerpoints, posters, video links from Workshops 1-3

Booklets of Sample Papers relevant to LC 2012

Problemn Solving wb?

o=

Ll pa

Cenzuz at Sohool to generate a class set of data, sourcs data from students in other
countries and aoocess lots of statistical analysi tools and teaching resources

hettpe f wrwow nio ca befprojeotmerthes

HOCA Ssudent Resource Materials which are books of questions for JC and LC Strard 1 and
Strand 2 and molude =xamples for all levels

Pre-LC 200 papers

Copias of the LT 2042, LC 2013, JC 203 and JC 2014 spllabumes

[N

hg e s arnt natlons e
gircular 377 2011 from the S3EC which came with the 2011 sample papers

LC 2010 and 2011 and 2012 Sampls Papers

LC 2010 and 2011 Project Maths Papers

JC 201 ard 2012 Samples Papers

“Report on the Trial Fimal”, a report that includes model solutions, marking sohemes,
ocomments on the arssering, exemplars of student work for the 200 LC Sample Paper 2
with additional notes related o the asemsment of candidate work

4.

encouraged your students to access the booklets of exam-style questions for Stramds 1-4 in
the student zone of the MOCA website [httpe f Seneee mooa. e projectmaths]

encouraged your stisdents to access the Sudents” tab [hetp:/F wower. projectmaths._ie]
attended the modular sourses fior ICT for (i) Strands 1 and 2 or (1) Strands= 3, 4 and 5 or
sooessed the resources for ame on the website or attended the modular courses for
oontent for [i) Strand 1 or (i) 5trand I or acosszed the resouroes for sames on the weboite
[http: § fwwner. projectmaths. =]

shared more resources with the rest of the teaghers in your maths team in recent months
faoilitated the use of concrete resources (=.g. unific oubes, dice, geometry set,
geostrips, olimomesters eto. | more often in recse=nt months

oonsidered the mplementation of a common approach @n your mathematics department
for the teaching of certain togics =.g. algebraic skills, fractions

£ Froject Maths 2012
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