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Abstract: This study aimed to determine the contribution of Al-Tusi in geometry and trigonometry. It also aimed to see how he proves the sine rule. In 
this study, there are two issues raised is how the contribution in geometry and trigonometry and how he prove the sine rule. This study used a 
mathematical approach and historical approach. Mathematical approach used to see trigonometry theories and sine rules. While the historical approach 
used to see his past. To describe the results, documentation method like creation or references relating to him required and data analysis by analytical 
descriptive done. Based on the results he had a contribution in the proof the fifth postulates of Euclid in Geometry. While in the trigonometry he able to 
be a pioneer in proving the sine rule and its proof did by the drawing of the circular arc. This is clearly different with general studies studied. 
 
Index Terms: Al-Tusi, Trigonometry, Geometry, Historical Study, Sine Rule, Observatorium, Euclid.   

———————————————————— 

 

1 INTRODUCTION 
Mathematics as a subject is often presented with a series of 
technical procedures without meaning in the syllabus and 
textbooks [5]. The history of mathematics knowledge to 
determine the purpose of teaching and knowledge of the 
subject. The historical writing at the time lately has occupied a 
very important place in the concern of every nation [8]. 
Historical approach to be an asset to get student appreciation 
of how a mathematical theory developed to reach the present 
form. If mathematics was separated from the history, 
mathematics tends to lose significance when compared with 
the other subjects. Mathematical science was setbacks. This 
setback was due between 1100 and 1300 occurred a great 
battle and bloodshed. Baghdad became chaotic city and 
stopped its activity stopped. Scientific Activities of Islam began 
to rise again mainly occurred in Persia in the 13th century with 
the establishment of an observatory in Maraghah headed by a 
genius named Nasir Al-Din (1201 -1274). Muhamad ibn 
Muhammad ibn al-Hasan al-Tusi better known as Nasir al-Din, 
a respect title means "Defender of Truth" [1]. He was often 
known as Al-Tusi. He wrote a complete treatise of 
trigonometry. A treatise of geometry written by Nasir al-Din in 
Arabic, Persian and Turkish that showed his skills in master 
three language support. Geometry written by Nasir Al -Din will 
be mentioned in this study. It was abaut the contribution of 
Nasir Al-Din in Euclid's postulates. The thinking of Nasir al-Din 
or Al-Tusi of trigonometry interested to make further 
investigation since the sine rule stated by Al-Tusi different with 
the general studies that have been studied by students. The 
proof of Al-Tusi sine rule was done by the drawing of circular 
arc, while the usual proof was by the drawing of a triangle in 
triangle. This study was expected to make new discoveries 
towards knowledge development in Islamic world. It may 
indicate that the real figures of Islam have contributed and 
distortion of historical facts that Islam was not a lot role. The 
fact that Europe was the centre of the progress can be 
avoided. The existence of Muslim scientist in classical period 
need to be known by Muslim students. Based on the 
consideration the research on the Muslim scientists in 
classical period was very important. The big difference about 
sine rule proof from al-Tusi and commonly used became 
something unique that the author discussed Nasir al-Din or Al-
Tusi thinking in trigonometry. There are many thinking of Al-
Tusi in mathematics, including algebra, geometry and 
trigonometry. In this study will be discussed  the Al-Tusi 
contribution in mathematics especially trigonometry, it is 
because he was the first Islamic figure who introduced into the 

world that trigonometry was the science that can stand alone 
and can be separated from geometry. Trigonometry was 
derived from two word in Greek namely "trigonos" means 
triangle and "metron" means measure. So trigonometry 
interpreted as the size of the triangle [10]. At first, trigonometry 
is the branch of science that attempted to investigate the 
motion of celestial bodies, such as the sun, moon and stars, 
and calculated or estimated that a position. The Arans were 
pioneer in trigonometry because they talk about this science 
scientifically and regular early. They use sine term and 
introduce tangent term in triangle ratios [2]. Geometry was 
derived from the Latin "Geometria", Geo means soil and 
metria means measurement. Historically, grown in the days 
long before AD measuring soil after flood of the Nile in Egypt. 
In Indonesian geometry can be translated as measurement 
science [4]. Abu jafar Muhammad ibn Muhammad al-Hasan 
Nasir al-Din al-Tusi al-Muhaqqiq, which is better known as 
Nasir al-Din was born on February 18, 1201 AD in Tus, a city 
in Khorasan (now Iran), where he receive the first education. 
The main teacher was Kamal al-Din Yunus [7]. One of the 
main demands of Nasir al-Din al-Tusi is urged Hulagu to build 
a magnificent observatory in Maraghah, Adhar Baijan in the 
year 1259 AD. The development of the observatory reached a 
new peak with the observatory Maraghah. The institute was 
led by Nasir al-Din al-Tusi [6]. As the director of the institution 
he collects mathematician to the centre of science, personally 
was responsible for the revival of astronomy and mathematics 
study in Islam. He spent most of his old age in Maraghah. 
Observatorium constructed based on orders of Hulagu and 
financed religious with grants. In observatory there was a 
library of 400,000 books.  In 1274 AD, Nasir Al Din got sick. 
One month later on June 26, 1274 and was buried near to the 
shia tomb of the seventh imam, Musa Al-Kazim, near to 
Baghdad. Inscription on the headstone reads "Helper religion 
and society".  Tusi highly respected by Adharbaijan. His name 
is immortalized as the name of various institutions there. Tusi 
was a famous scientist. He has produced more than 100 
papers in Arabic and Persian, translated into Latin and other 
European languages in the Middle Ages. For the first time in 
the world Nasir al-Din who introduced trigonometry as a 
separate science. He also wrote on binomial coefficients which 
are introduced by pascal. The paper in Mathematics, namely: 

1. Al Mukhtasar bi bi jami al-Hisab Takht wal Turab (an 
overview of the entire calculation with table and earth) 

2. Kitab al jabr wal muqabala (treatise of algebra) 
3. Al-ul-Mudua proposal (treatise of Euclid's postulates) 
4. Qawaid al-Handasa (rules of geometry) 
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5. Kitab al tajrid fi ilm al-mantiq (overview of logic) 
6. Kitab shakl al-qatta (treatise of quadriteral [4]) 
7. Kitab Shikl al-Qita (treatise of rectangular area) 

 

2 The Research Method  
This research is Library research. It was the type of research 
that tried to collect data from literature. There are two kinds of 
approaches used in this study, namely the historical approach 
and the mathematical approach. Historical approaches are 
used mainly social and intellectual history. Regarding the 
proposed social history of life in the community at that time. 
While in the intellectual approach was described ideas of 
individuals. In this study will be described ideas of al-Tusi 
related to mathematics, especially geometry and trigonometry. 
Then the mathematical approach used to look at the theories 
of trigonometric sine rule. Regarding the model used in this 
study was synchronic research model. It will be done by 
looking at the figures studied from various aspects of life. This 
study was a library literature so that the data collection method 
used was documentation, namely track as a written source 
contains a variety themes and subject discussed. The data 
has been collected and analyzed by descriptive method 
describes what is being investigated. The initial step of this 
study was to conduct a research to study result conducted by 
previous researchers. In one study, researchers should give 
priority to the primary data source. Because the authors found 
difficulty to locate the primary data source, the authors use the 
existing references and sober since this research is very 
important. The source of data used was the work Mohaini 
Mohamed, a leading Muslim mathematician [5], George 
Sarton, introduction to the history of science [7], Husayin 
Ahmad Amin, a hundred figures in the history of Islamic [1], 
Seyyed Hossein Nasr, science and civilization in Islam [6], and 
Jamil Ahmad, one hundred leading Muslim [3].  Meanwhile, 
other data sources are also supported in this study, for 
example by Ahmad Tafsir, Mehdi Nakosten and so forth. 
Adding data to support this study also conducted a search 
through the internet. After data is collected, the data 
processing was done. Then do the data analysis by descriptive 
analysis. This contribution is expected to describe al-Tusi in 
trigonometry. 
 

3 THE RESEARCH RESULT 
The fifth postulate of five postulates Euclid [9] be a 
contradiction because the fifth postulate actually not a 
postulate but a theorem that requires proof in Euclidean 
geometry. Nasir al-Din took part there. He also proved the fifth 
postulate actually is a theorem in Euclidean geometry. There 
are four reasons why the Nasir al-Din creation on this matter 
deserves extraordinary attention. First, his experiment 
demonstrate a knowledge of the relationship between 
postulate. Second, he proved the third proposition by using 
supposition obtuse or acute angle. Third, He was the last 
mathematician of the time period of Islam. For four centuries 
be the most interested people in geometry, criticize and modify 
creation of his predecessor. Finally, among all the 
mathematicians of the East, his work is the only one that could 
reach Europe. Nasir al-Din introduces sine rules relating to the 
triangles area to provide a way for solving problems 
associated. He also gave proof of sine rule and indicate its 
application for determining the triangular parts unknown from 
what is known. 
 

Sines Law 
If ABC is a triangle and a, b, c are the sides of triangle are 
direct opposite to each angles then 

 

Proof: 

 
 

Figure 1 illustrates the case if one of the angle B or C is 
obtuse angle. 

 
Figure 2 illustrates the case if neither angle B nor C is obtuse 

angle. 
 
In both cases extend CA to D and BA to T thus each other is 
60 length units. With center B, C draw the arc of TH and DE. 
Connect the perpendicular line TK and DF to the base of BC. 
Now make AL perpendicular to BC. Because triangles ABL and 
TBK congruent, then 

 
  

  
 
  

  
 

 
And since the triangles ACL and DCF are congruent, then 

 
  

  
 
  

  
 

 
but DC = 60 = TB 
 
If the left and right sides multiplied, respectively, the result will 
be division: 

 
  

  
 
  

  
 

 
Therefore, 

 
 

 
 
    

    
 

 
or it can also be written 
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4 THE RESULT DISCUSSION 
Based on the research results, proving the sine rules done by 
Al-Tusi is different with the general proving done by the 
students although it is possible there are similarities in 
contains. This is possible because the scientists after Tusi 
tried to simplify Al-Tusi proving. So we can say that Al-Tusi 
able to become a pioneer in proving sine rule based on 
references read by author the proving of sine rule never been 
done by scientists before  al-Tusi. Because the proving of sine 
rule now a simplified form of it then there is the same 
principles in regard to the rules of triangle congruency. In quick 
view, some will think Al-tusi proving is more difficult than the 
usual proving. But it it is not quite the case because the aim of 
drawing the arc only to drawing straight line to base of BC and 
we can have congruent triangles to prove sine rule from that. 
On the other hand, in Geometry Al Tusi can not prove the fifth 
postulate of Euclid be a theorem.  He fared the same state 
with the other scientists who can not. The scientists were also 
unsuccessful in proving the fifth postulate of Euclid like 
Proclus from Alexandria (410-485), Girolamo Saccheri from 
Italy (1607-1733). Karl Friedrick Gaus from Germany (1777-
1855), Wolfgang (Farkas) Bolyai (1802-1810) and Nicolai 
Ivanoviteh Lobachevsky (1793-1856).  
 

5 CONCLUSION 
Al Tusi contribution in geometry is role in proving the fifth 
postulate of Euclid. He also refute that the fifth postulate of 
Euclid is not postulae, but it is a theorem that need to be 
proven. The proving done by giving proposition as stated in 
the results. While the Al tusi contribution in trigonometry is 
proving sine rules conducted done by  drawing the arc. The 
steps done by Al Tusi in proving sine rules are: 
a. Draw a triangle that both sides extended equally, 

suppose those sides are side b and c. 
b. Draw an arc of other side that is not extended. 
c. Then draw perpendicular line to base of triangle until get 

congruent triangle. From that properties Al tusi prove the 
sine rule. 
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