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SYLLABUS: PARTITION OF LAND 

TOPIC

First five minutes: 

Review:                            Laws of the right triangle and formulæ of areas.
Advance Organiser:         See map last page.
Goal:                                Awareness of land office maps’ use in surveying and land planning.

CLASS
Level: A2
18 students
SEN: NO 

Timetable fit:
II term
Two sessions
of 60 minutes

CONTENT AIMS

To enable learners 
to understand what 
the principle of EDM is.

To develop learners’ abilities 
to prepare a survey layout 
and make calculations of 
boundary stones positions 
starting with measured 
angles and distances.

To raise learners’ awareness 
of EDMIs and partition of 
land.

LANGUAGE AIMS

To get learners to use 
proper technical 
terminology and correct 
English language.

Being able to talk about 
steps to be done in 
accomplishing the task.

Skills             Systems

  L                  Grammar
  S                 Lexis
  R                 Discourse
  W                Phonology
  

Feedback notes Medal-Mission: 

After visualizing the students’ action during the calculations ...
... Very well done! Now we are going to know something more about partition of land.

Mission: 

Adding variables in the problem and solving it.
Do vocabulary and pronunciation exercises.

Thinking skills for 
SOLO:

Extended abstract: 
Choosing a proper 
method of survey 
for the task.

Relational: 
Identifying known and 
unknown quantities.

Multistructural: 
Making calculations.

Unistructural: 
Parts of a combined 
EDM-theodolite unit. 
Right triangle. 
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Trigonometry of the right triangle 

In a right triangle one angle is 90º and the side across from it is called the hypotenuse. 

The two sides which form the 90º angle are called the legs of the right triangle. The legs 

are defined as either “opposite” or “adjacent” (next to) the angle α .      

A right triangle is shown on the top right-end side of the page.                            A

                                                                                                                             

The  sine  of  angle α  equals  opposite leg  over  hypotenuse:

                                                                                                           α = 25°

                                       sin α  =  a / h                                     

                                                                                h = 12 cm                         b 
The  cosine  of  angle α  equals  adjacent leg  

over  hypotenuse:

                                       cos α  =  b / h                                                           

                                                                                                   B                    a                 C
                                                                                                                                  
The  tangent  of  angle α  equals  opposite leg over adjacent leg:

                                       tan α  =  a / b

                                                                                                                                      

The  cotangent  of  angle α  equals  adjacent leg over opposite leg:

                                       cot α  =  b / a    

Finding a side – Steps:

I - Determine which angle you will work with.    II – Name the three sides of the triangle.  

III – The side you know and the side you are looking for determine which ratio you will 

use: sine, cosine, tangent, cotangent.     IV – Set up the ratio.    V – Solve the problem.

Example.

We know the values of  hypotenuse h  and of  angle α  and have to find  leg a:

sin 25°  =  a  / 12

we multiply by 12  both sides of the equation:

12  sin  25°  =  a

therefore the value of   leg  a   is   5.07  cm .
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Steps of a partition of land

A quadrilateral ABCD, shown on the top left-end side of the page, represents a plot of land, which is to be 

partitioned along the line MN parallel to side AB, directed east, so that the area of its southern part ABNM 

is double the area of its nothern part MNCD. 

We carry out an open traverse survey of the plot by means of a total station, set over points A and B, so 

that we can measure angles   α   and   β   and  distances    AB ,   AD ,   BC .

                                         C                                          

                       D                                   We can then calculate the area of the quadrilateral ABCD: 

                     M                           N        2 SABCD = AB AD sin α + AB BC sin β - AD BC sin (α + β) ; 

                                                            therefore: SABNM = 2 SABCD/3. 

                                                                                                                                     

                     α                                    β                                                    

                A                                                  B                 

Now we look at the trapezium ABMN by itself. We know the values of  bottom base a ,   angle α ,   angle β, 

area SABNM of the trapezium ,  and have to find  top base b .  

                      M            b             N                     If  h  is  the height of the trapezium , 

                                                                           we have:  a = b + h (cot α  +  cot β) ; 

                         h                     h                         therefore:  h = (a – b) / (cot α  +  cot β) .

                    α                                      β                                                     

               A                         a                         B               

We know that   2 SABNM = (a + b) h ;   

we can replace the  h  in the last formula with   (a – b) /(cot α  +  cot β) ;

we know also that   (a + b) (a – b) = a2 – b2  ; 

so now we have:   2 SABNM  =  (a2 – b2) / (cot α  +  cot β) ; 

therefore:   b2 =  a2 – 2 SABNM (cot α + cot β) ;   b is given by the square root of the determined value; we 

substitute  b  in the formula of  h , so that we can know the height of the trapezium. 

In order to set boundary stones in the ground to materialize M and N, we need to calculate AM and BN; we 

notice that AM is the hypotenuse of the right triangle on the left of the trapezium ABMN and we know that 

the  sine  of  angle α  equals  opposite leg  h  over  hypotenuse  AM :   sin α  =  h / AM ;  so, multiplying  

both sides of the equation  by  AM ,   we have :    AM sin α = h ;   dividing both sides by   sin α ,   we have : 

AM = h / sin α . We can then calculate also the length of  BN :  BN = h / sin β .



Problem assignment. In a plot of land,  shaped like a quadrilateral ABCD,  angle  α  is 83g.0978  and  β  is 

47g.8647.  Distance  AB  is  200.547  m ,  AD  is  121.809  m ,  BC  is  189.253 m .  Line  AB  is directed  

east. The plot ABCD is to be partitioned along the line MN parallel to side AB so that the area of its  

southern part ABNM is double the area of its northern part MNCD (M in AD, N in BC).  What are the 

resulting distances AM and BN of boundary stones in M and N from A and B respectively?

[The hundredth part of a right angle is 1g (one gradian, or grad, or gon). The hundredth part of one gradian is 

centesimal arc minute 1c and the hundredth part of one centesimal arc minute is centesimal arc second 1cc.]

                                         C                                In the assignment, ordinary and mathematical 

                       D                                                  verbal languages are combined. 

                     M                           N 

                                                                           The visual representation is used 

                                                                           as a means for making the assignment 

                     α                                    β              more comprehensible for the learners. 

                A                                                  B      

Task analysis.

In assessment content should be given priority over language accuracy.

I. Written test

a) Language difficulties:        Understanding the instructions (reading comprehension task).

                                             Vocabulary
Grammar

Specific – mathematical General – non-mathematical 

quadrilateral, angle plot of land prepositions: in, to, of, from

distance, line partitioned adjectives: northern, southern

parallel, side, area boundary stones adverbs: along, respectively

b) Mathematical difficulties: The pieces of knowledge needed to perform the adequate solution are listed above. The learners show 

mathematical competence making the following calculations:    SABCD = 14557.7355 m2 ;     SABNM = 9705.1570 m2 ;     b = 119.0922 m ; 

h = 60.7257 m ;     AM = 62.9307 m ;     BN = 88.9107 m . 

II. Oral test

a) Language difficulties:     Understanding the instructions (reading comprehension task).   Describing the solution (production task). 

Compared to the written test, students might show additional language competence.

                                             Vocabulary
Structure

Specific – mathematical General – non-mathematical 

 trapezium, hypotenuse, leg replace We know that ...

cotangent, square root substitute therefore … 

side of an equation materialize is given by …

[Task analysis is an adaptation by Cesare Circeo of an article in the International CLIL Research Journal (ICRJ), from:  www.icrj.eu/11/article2.html]

by Cesare Circeo, Teacher of Surveying in Pescara-Italy 

http://www.icrj.eu/11/article2.html
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MEASURING & DISTANCE 

[Adaptation by Cesare Circeo of the texts of two videos made at the University of Leeds, downloaded from YouTube]

[www.youtube.com/watch?v=85UEwnyBdUI]

Two ground points A and B lie on a constant slope. The shortest distance between them is the horizontal  

distance, which is given by:

d = l sin φ

where l is the slant length (or slope length) and φ is the zenith angle.

Direct Distance Measurement (shortened to DDM) is made by means of synthetic tapes. Optical Distance 

Measurement (ODM), forsaken at the present time, used to be made indirectly by means of a theodolite  

and a vertical staff and the shortest distance between A and B is given by:

d = K S sin2 φ

where K is the multiplying constant of the theodolite (whose fixed value was 100 in most telescopes), S is 

the staff intercept (the difference between top hair reading and bottom hair reading at the reticule), φ is 

the zenith angle.

High accuracy can be achieved using Electromagnetic Distance Measurement Instruments (shortened to 

EDMIs). If the distance between two points A and B is required, a combined EDM-and-theodolite unit is set 

over one end of the line and a reflector is set above the other. The transmitter sends an electromagnetic 

wave towards the reflector, that is returned and detected by the receiver. By comparing the incoming  

wave to the outgoing wave, the instrument calculates and displays the distance l.

[http://mendonphysics2007p9.blogspot.it/2008/01/wednesday-january-30th.html] 

In their simplest form the electromagnetic waves can be considered as periodic sinusoidal waves. The 

wave completes a cycle in moving from such identical points as two consecutive crests or two consecutive  

troughs and the number of times it does it in one second is known as the frequency of the wave, which has 

units of Hertz:

1 Hz = 1 cycle/s

The wavelength of a wave is the distance it traverses in one cycle and is given the symbol λ. The period is 

http://mendonphysics2007p9.blogspot.it/2008/01/wednesday-january-30th.html
http://www.youtube.com/watch?v=85UEwnyBdUI


the time taken by the wave to travel through one cycle and is usually represented by T seconds. The speed 

v of  the wave depends on the medium through which it  is  travelling. For  example,  the speed of an  

electromagnetic wave in a vacuum is known at the present time as 299792458 m/s and this is commonly 

called the speed of light and is given the symbol c; this can be approximated to three times ten to the 

eighth meters per second. The amplitude of a wave is the maximum displacement of a particle of the 

medium from its position of rest. An important property, which is relevant to the EDM, is the phase of the 

wave; this is the term used to identify a fraction of a cycle or wavelength and is usually represented by Φ.

Principle of EDM 

Phase comparison. (a) An EDM is set up at A and a reflector at B for determination of the slope length (D). During measurement, 

an electromagnetic wave is continuously transmitted from A towards B where it is reflected back to A. (b) The electromagnetic 

wave path from A to B has been shown, and for clarity, the same sequence is shown in (c), but the return wave has been 

opened out. Points A and A' are effectively the same, since the transmitter and receiver would be side by side in the same unit 

at A. The lowermost portion also illustrates the ideal of modulation of the carrier wave by the measuring wave. From  Price, W. 

F., and Uren, J., 1989, Laser surveying, London: Van Nostrand Reinhold (International).

[http://activetectonics.asu.edu/TotalStation/document.html]

The instrument measures the distance between an EDM unit and the reflector. When the transmitter is  

activated, it sends an electromagnetic wave towards the reflector, where part of it is reflected back to 

the receiver. Then the distance l is given by :  2 l  = nλ + Δλ ,  where  nλ  is the whole number of  

wavelengths travelled by the wave and Δλ is the incomplete wavelength left left at the end, which is  

given by   Φλ / 2π .  The instrument uses electronic devices to determine  nλ  and measures  Δλ  by means 

of a phase detector to compare the phase of the outgoing wave to that of the incoming wave. The length l 

is then displayed in the instrument to read on. 

The  manufacturer  must  decide  what  wavelengths  to  use  in  the  instrument;  this  will  depend  on  the 

accuracy required; modern phase detectors are capable of resolving to   1 / 10000   of a wavelength; so, if 

a measuring accuracy of  1 mm  is required, the wavelength should be no longer than  10000  times 1 mm, 

which gives  10  m ;  and, since the frequency of waves is given by speed divided by λ, approximating the  

speed of light to  300000  km / s ,  there's a minimum required frequency of    3  x  10 8  /  10 , which 

equal  30  million  Hertz ,  or  30  Mhz. Using a higher frequency will give a higher accuracy, but because  

of technical difficulties the highest frequency on which phase comparison can be carried out accurately is  

the range of  500  Mhz .  Unfortunately, electromagnetic waves in the frequency range of  30  to  500  Mhz 

are  prone  to  being  absorbed  by  the  atmosphere,  and  so  either  a  large  transmitter  antenna  or  a 

considerable power supply will be required for a reasonable range. But neither of these are practical for 

portable surveying instruments. 

http://activetectonics.asu.edu/TotalStation/document.html


[http://activetectonics.asu.edu/TotalStation/document.html]

To overcome this problem, a process of modulation is used, in which a measuring wave is mixed with a 

carrier wave with much higher frequency. In AMPLITUDE MODULATION (AM) a lower frequency measuring 

wave is  superimposed on a higher frequency carrier  wave to  modulate  its  amplitude. In  FREQUENCY 

MODULATION (FM) the carrier wave has a constant amplitude, but the frequency varies in proportion to  

the amplitude of the measuring wave. EDMIs are classified according to the type of carrier wave they use. 

Surveying drill of class IV A at “Tito Acerbo” secondary school in Pescara, on 18th May, 2010, with a “Topcon” total station

The most  popular IDMIs are those who use infrared  carrier waves, simply because they are the least 

expensive. They invariably use amplitude modulation and ranges of up to  3  km  can be achieved if a  

sufficient signal can be reflected back. The types of reflectors used with infrared instruments take the 

form of corner cube prisms and they are known as retro-reflectors. They are constructed from the corners  

of a cube of glass, which have been cut away in a plane making an angle of  45° with the faces of the 

cube, as shown in the drawings of the bottom left-hand side of the page. The inner surfaces of the cube  

are highly  reflective and any wave hitting  one of  these will  be turned through two right  angles  and 

reflected back along a path exactly parallel to that along which it was transmitted.                       

                                                                                                       

  

                                                                                                       This will still be the case even if the

                                                                                                       prism is misaligned by as much as

                                                                                                       +/- 10°; so, precise alignement is not

                                                                                                       necessary; one has just to point the

                                                                                                       prism towards the instrument using 

                                                                                                       the sight on its top. It can be 

                                                                                                       mounted on a pole or on a tripod.

by Cesare Circeo, Teacher of Surveying in Pescara-Italy 

http://activetectonics.asu.edu/TotalStation/document.html


PLAN

STEPS TASK/ACTIVITY INTERACTION TIME Graphic/Resources FEEDBACK

1
Pre-task – Introduction 

to partition of land
 and task

T - S 5 min Advance organiser

2 Pre-task – Principle 
of EDM T - S 5 min Advance organiser

3
Preliminary drawing 

based on a land office 
map

S - S 5 min Use of ruler and 
triangles

Teacher is 
looking at 

the students

4
Survey with a combined 

EDM-and-theodolite 
unit

T - S 35 min Total station
Teacher 

is checking 
operations

5 Writing down formulæ S - S 5 min

6
Understanding the 

instructions and 
describing the solution

S - S 5 min
Teacher is 

commenting
on the task

7 Calculating area 
and sides of trapezium S - S 20 min Use of scientific 

calculator

Teacher is 
looking at

the students

8 Calculating heights 
of new boundary stones S - S 15 min Use of scientific 

calculator

Teacher is 
looking at

the students

9 Drawing a plan 
with spot elevations S - S 15 min

Teacher is 
commenting
on the task

10 Review and repeat T - S 10 min
Teacher is 
listening to

the students

Follow-up: the learners keep in touch with the land office so that they can look at maps at  

different scales, in order to be aware of relative accuracy in boundary disputes.



Learning outcomes

Students KNOW the principle of EDM and how to use a  combined EDM-and-theodolite 

unit, ARE ABLE TO draw a survey planning layout, measure angles and distances and 

write them down in a field-note form, make calculations, ARE AWARE of the accuracy of a 

map and the importance of cooperating in a group.

Assessment

Can the learners work out formulæ, tell  how a survey must be carried out, use pocket 

calculators  and  computers  to  determine  elevations  and  slopes,  draw  plans  with  spot 

heights, cooperate in a group?

Communication

Students know the names of classroom objects – ruler, triangle, pencil, eraser –, a basic 

vocabulary of mathematcs and surveying – parallel,  sides of an equation, square root,  

telescope, plate level – and learn new words – protractor, peg, target, prism –. They can 

use structures – set up, turn, look at, axis of collimation, unloading of data – and functions  

– describing accuracy of measurements –. 

They learn to label parts of the instruments they use, to describe the necessary steps in a 

survey and  in  calculations,  to  state  how to  make  calculations  and  how to  verify  and 

approximate unknowns’ values.

Cognition

Learners can choose a suitable total station and a proper method of survey to carry out 

measurements in a plot of land. They can look for different solutions of problems about 

partition of land in order to simplify the steps to be done.

Colchester, Friday 20th July 2012                                     Cesare Circeo

Pescara, Monday 30th July 2012    

                                                                                   Teacher of Surveying



ORDERING:
CLASSIFICATION 
OF TRAVERSES

PARTITION 
OF LAND

COGNITION:
REASONING 

ABOUT GEOMETRY 
DIAGRAMS 
AND AREAS

LISTING:
DIFFERENT 

SCALES OF MAPS

PROBLEM-SOLVING:
CHOOSING A 

SURVEYING METHOD
AND  CALCULATE 

BOUNDARY STONES 
POSITIONS AND 

ELEVATIONS

SPEAKING:
USE OF LANGUAGE 
ITEMS AS ADVERBS, 

ADJECTIVES AND 
COMPARATIVES

REVIEW 
AND REPEAT:

DESCRIPTION 
OF SURVEYING 

METHODS
AND PARTS OF 

A TOTAL STATION


