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Preface 
 
 
 
 

It is a very great privilege for Faculty of Mathematics and Natural Science (FMIPA) 
Universitas Negeri Semarang to host the 4th International Conference on Mathematics, Science, 
and Education (ICMSE 2017) in Semarang, Central Java, Indonesia on 18-19 September 2017. 
We are honored to have the opportunity to work with Indonesian Chemical Society, Indonesian 
Physical Society, Indonesian Biology Society, Association of Computer Science Higher 
Education, Indonesian Mathematical Society, and Indonesian Educator Science in this forum. In 
2017, our theme of “Roles of Mathematics and Science Research in Supporting Growth of 
Sustainable Natural Resources-based Industries” celebrates the annual conference to provide a 
platform to the researchers, experts and practitioners from academia, governments, NGOs, 
research institutes, and industries to meet and share cutting-edge progress in the field of 
mathematics, natural science, and science education. Also, this event provides an opportunity to 
enhance understanding of relationships between knowledge and research in the scope of 
Mathematics, Biology, Chemistry, Physics, and Science Education. 

The committee of ICMSE 2017 would like to express the sincere gratitude to the keynote 
speakers and all authors of the contributed papers in the conference proceedings. Moreover, would 
like to thank the expert reviewers for reviewing the manuscripts. We also highly appreciate the 
assistance offered by many volunteers in the preparation of the conference and the proceedings, 
and of course, to the sponsors assisting in funding this conference. 

 
 
Chairperson, 
 
Prof. Dr. Sutikno, S.T., M.T.

The committee selected 205 papers from 253 papers and reports findings presented in this 
forum to be published in Journal of Physics: Conference Series (Institute of Physics Publisher) 
indexed in some databases, including the Conference citation index, Scopus, Inspec, Chemical 
Abstracts Service, and Astrophysics Data System. We hope that this program will expand the 
mutual understanding and respect in stimulating research in Mathematics, Science, and Education; 
share research interest and information, and create a form of collaboration and build a trust 
relationship. We are delighted to be able to show the world what recent developments in the field 
of Mathematics, Natural Science, and Science Education through this fruitful program. 

http://creativecommons.org/licenses/by/3.0
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Abstract. Titanium doped sapphire (Ti:Al2O3) crystal has attracted attention not only as 
beautiful gemstones, but also due to their applications as high power laser action. It is very 
important crystal for tunable solid state laser. Ti:Al2O3 crystals have been success grown using 
the Czocharlski method with automatic diameter control (ADC) system. The crystals were 
grown with different pull rates. The structure of the crystal was characterized with X-Ray 
Diffraction (XRD). The density of the crystal was measurement based on the Archimedes 
principle and the chemical composition of the crystal was confirmed by the Energy Dispersive 
X-ray (EDX)  Spectroscopy. The XRD patterns of crystals are showed single main peak with a 
high intensity. Its shows that the samples are single crystal. The Ti:Al2O3 grown with different 
pull rate will affect the distribution of the concentration of dopant Ti3+ and densities on the 
sapphire crystals boules as well on the crystal growth process. The increment of the pull rate 
will increase the percentage distribution of Ti3+ and on the densities of the Ti:Al2O3 crystal 
boules. This may be attributed to the speed factor of the pull rate of the crystal that then caused 
changes in the heat flow in the furnace and then causes the homogeneities is changed of species 
distribution of atoms along crystal. 

1. Introduction 
Sapphire (Al2O3) single crystal is one of the most excellent and useful material for a number of high 
technology, optical and electro-optical applications [1]. As an optical material, sapphire has a broad 
transmission band spanning the ultraviolet, visible and infrared region. Sapphire has very good 
mechanical and physical properties, such as tensile strength, abrasion resistance, thermal conductivity 
and mechanical stability, which result in outstanding thermal shock resistance [2]. Doping sapphire 
with foreign ions can be used to modify the optical properties and makes the system useful for large 
variation application, such us tunable solid state laser [3-6] and optical waveguides [7-9].  

Sapphire becomes a promising material for tunable lasers if doped with elements possessing wide 
absorption bands and wide emission regions [10]. The most interesting among such elements are Ti3+, 
Cu2+, V3+, Ni2+, Co2+, Cr3+ and Mn2+,  where these elements are included in the transition metals. The 
transition-metal ions are also excellent alternatives and they are widely used in laser crystals [11]. 
Trivalent titanium (Ti3+) is a transition metal ion that has very desirable broad absorption and emission 
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Abstract. In this work, we made the comparison between IMRT plan and IMPT plan for a 
head and neck case. We used Prowess Panther to perform IMRT plan and LAP- CERR for 
IMPT plan. The result showed that IMPT plan had better coverage than IMRT plan. In the 
IMRT plan, normal structures received higher dose with higher volume. Especially, the 
maximum dose  of  spinal cord is 31.5 Gy (RBE) using IMRT technique compared to 13.5 Gy 
(RBE) using IMPT technique. These results showed that IMPT is beneficial for head and neck 
cancer compared to IMRT technique. 

 

1.  Introduction 
Currently, traditional radiation therapy x-rays are still the most common type of radiation in curing 
cancer. However, the persisting problem is that significant dose delivered to normal tissue because of 
the characteristics of interaction of photons with matter even with the most advanced delivery 
technique. Proton therapy is the technique producing better conformity to target and better sparing to 
organs at risk. In this paper, Intensity Modulated Proton Therapy (IMPT) and Intensity Modulated 
Photon Therapy (IMRT) plans are generated for a head and neck patient. To make IMRT plans we 
used Prowess Panther, a commercial Treatment Planning System (TPS) and LAP-CERR (The Laser 
Accelerated Particle [1]- The Computational Environment for Radiotherapy Research [2]). The 
evaluation and comparison of the two kinds of radiation treatment plans were performed in term of 
physical quantity based on Dose Volume Histogram (DVH) and dose statistics for both target and 
organs at risk.  

2.  Methods 
In this section, we will introduce some main features of dose algorithm and dose optimization of 

Prowess Panther and LAP-CERR. The definitions of PTV and PRVs and dose requirements also will 
be described here. 

2.1.  Prowess Panther 
2.1.1.  Dose calculation algorithm 
Collapsed cone convolution of radiant energy for photon dose calculation in heterogeneous media [3, 
4] has been used to calculate absorbed dose. This method assumed transported energy process 
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