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sapphire single crystal grown by the Czocharlski method 
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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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http://creativecommons.org/licenses/by/3.0
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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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Abstract. In Physics Department Universitas Negeri Semarang, Earth and Space Science 

subject is included in the curriculum of the third year of physics education students. There are 

various models of teaching earth and space science subject such as textbook method, lecturer, 

demonstrations, study tours, problem-solving method, etc. Lectures method is the most 

commonly used of teaching earth and space science subject. The disadvantage of this method is 

the lack of two ways interaction between lecturers and students. This research used small group 

discussion as a teaching method in Earth and Space science. The purpose of this study is to 

identify the conditions under which an efficient discussion may be initiated and maintained 

while students are investigating properties of earth and space science subjects. The results of 

this research show that there is an increase in student’s understanding of earth and space 

science subject proven through the evaluation results. In addition, during the learning process, 

student’s activeness also increases.  

1.  Introduction 

Generally, science educations have higher difficulties than the other subjects. Many physics 

students do not find physics interesting and many of them take the physics courses even at university 

level without an acceptable conceptual understanding of physics. The problem of this difficulties 

related to the gaps in their conceptual understanding that could still persist even after the completion 

of several courses in physics. One of the teaching method that usually used in physics is conventional 

learning. Conventional learning lies in the presentation of the material, which comes out of textbook 

and lecture notes. A traditional lecture is nearly always delivered as a monologue in front of  the 

students. Only exceptional lecturers are capable of holding students’ attention for an entire lecture 

period. It is even more difficult to provide adequate opportunity for students to critically think through 

the arguments being developed [1]. In previous research, the stages of the Cognitive Apprenticeship-

Instruction (CA-I) model consisting of modeling, coaching, reflection, articulation, and exploration 

have been applied in mathematical physics subject. Nine out of ten indicators of reflective thinking 

abilities in solving mathematical physics problems have been adequately trained using these stages, 

although their achievements are not yet optimal. One remaining is the ability to accurately analyze the 

problems of mathematical physics still cannot be improved significantly [2]. 
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