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Abstract-- In RF and Microwave Engineering course, usually 
students struggle to build connections between the theory 
they have learned and practical applications in the 
laboratory. The laboratory applications are usually very 
limited for hands on experience since the high cost and 
maintenance requirements of the equipment.  Additionally, 
new engineers need to know how to use at least one 
engineering design tool in order to practice designing RF 
components, circuits, or antennas. In this study, a 
curriculum model including recent developments and 
technologies in the RF and Microwave Engineering field by 
addressing above problems of the course is proposed.  This 
study covers the description of the content of theoretical and 
hands on applications, the integration model of the 
technological tools into the proposed curriculum, and the 
instructional approaches used in the new course design 
which covers the use of a remote laboratory environment, 
Concept Maps and an engineering design tool. The course is 
structured with a balance between theory and laboratory, 
including remote and in lab measurement experiments as 
well as modeling and designing microwave components by 
means of computer tools and design fabrication. The newly 
designed course is implemented at the Atilim University. 
The first semester implementation shows promising results. 

 

Index Terms—RF and Microwave engineering course, 
curriculum design, remote laboratory, simulation tools 

I. INTRODUCTION 

Advances in the telecommunications industry and the 
widespread deployment of wireless network services have 
affected the career programs related to high frequency 
technology. These developments have also forced 
practicing engineers, computer specialists, and managers 
to re-educate themselves in the area of telecom/radio-
communications technology [1], [2]. Parallel to these 
developments, a report by an industry/education 
partnership (Global Wireless Education Consortium-
GWEC) involving more than 30 universities and 9 large 
companies in the wireless sector in the USA has identified 
new requirements for such professionals as well as noted a 
lack of Radio Frequency (RF) specialists [3]. Accordingly, 
several related educational programs have begun offering 
courses covering electromagnetic, RF, antenna, and 
microwave concepts, which are important components of 
any Electrical and Electronics Engineering (EE) and 
computer-related educational curriculum [4] and technical 
colleges, which are usually supported by hands-on 
experimental environments. For example, a remote 
laboratory on frequency modulation experiment principles 
[5], a face-to-face laboratory implementation in the field 

of antennas [6] and RF-microwaves [7], an RF hardware 
design laboratory with project oriented approaches [8], 
and wireless information networks [9] have been 
integrated in the curriculum of these courses.  As Cassara 
[9] summarizes, some of these implementations exist that 
generally focus on wireless networks, radio frequency-
microwaves, antennas, radar or optical communications. 
These implementations and studies show the recognition 
of the importance of these topics in the educational arena.  

Parallel to these developments simulation (and CAD) 
applications are also started to be used as a critical and 
efficient tool on these courses. Additionally, Web-based 
and Web-assisted education alternatives are a new 
paradigm that is started to play an increasingly significant 
role in the instructional design efforts in these fields [4]. 
Accordingly, in order to prepare engineers satisfying the 
requirements of the industry, new approaches need to be 
reflected and emphasized in the curriculum of these 
courses.  

In this study, the current situation and problems of 
electromagnetic, RF, and microwave courses offered at 
Atilim University are discussed first. In order to address 
the identified problems, this study proposes a curriculum 
model that reflects recent developments and technologies 
such as remote laboratory environments, simulation tools, 
and mind map graphical representations. This study covers 
a description of the content of theoretical and hands-on 
applications, an integration model of the technological 
tools into the proposed curriculum, and the instructional 
approaches that are used in the new course design. The 
newly designed course has been applied during one 
semester in the EE education program at Atilim 
University. This study also describes how the newly 
designed course is offered, as well as the problems faced 
and gains achieved during this course. 

II. COURSE DESCRIPTION 
As juniors, students with an EE major at Atilim 

University take one semester-long required RF and 
Microwave Engineering course. The aim of the course is 
to prepare the students for their future professional careers 
in RF and Microwave Engineering and for the sequence of 
senior courses, such as Antennas and Propagation, RF 
Microelectronics and Optical Communication Systems 
and Design Projects. These courses are offered as 
technical elective courses in the curriculum of the EE 
program of the university. The course is structured with a 
balance between theory and laboratory, including remote 
and in lab measurement and evaluation, modeling and 
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designing microwave components by means of computer–
aided design (CAD), and fabricating. 

A. Course Content 
The course is designed as an introduction to RF and 

Microwave (MW) systems. The following concepts are 
covered in this course: analysis of transmission lines and 
waveguides, the Smith chart, scattering parameters and 
matching networks, LC networks, single and double stub 
tuning using the Smith chart, RF and microwave passive 
components and system parameters, high frequency 
configurations of filters and amplifiers, PCB realization of 
RF and Microwave circuits, microstrip lines, and RF, 
Microwave, and Antenna design tools and measurement 
techniques. 

B. Course Objectives 
 In this course, students should acquire the following 
skills and be able to:  
 

 state the applications of electromagnetic spectrum 
above 300MHz frequency band; 

 identify wave propagation on transmission lines 
and expand it to include microstrip structures; 

 identify the fundamentals of transmission line 
systems, radio frequency (RF) and microwave 
components, sub-systems, and technology; 

 operate tools and equipment used in the design 
and analysis of RF and Microwave components 
and sub-systems, 

 design microwave components such as a 
microstrip line, microwave filters and single-stage 
microwave transistor amplifiers.  

C. Laboratory Activities 
Laboratory experience is an important part of an 

electrical engineering (EE) education. As shown in recent 
Internet-based remote and virtual laboratory studies, 
effective learning in EE education can only be achieved by 
approaches that combine theoretical courses with 
laboratory work where the learner can practice as 
necessary [1]. Laboratory experiments are usually 
performed as demonstrations on the following subjects: 
scattering parameters measurement, VSWR measurements 
and transmission line impedance, power measurements, 
and antennas measurement.  

 
D. Problems with the Course 

The course instructors face with several problems in 
this course. We can group these problems under three 
main headings: Laboratory hands-on experience problems, 
implementation of new technological tools in these 
courses and implementation of new instructional 
approaches used in these courses.  

Problem 1: Since the only chance to provide the 
laboratory experiments by means of demonstrations in the 
laboratory, it is usually not clear for the students that what 

they have learned and how to relate it with the theory that 
they learn during the classroom instructions. 

Problem 2: The instructor usually group students into 
8-10 for each demonstration section. However this number 
is also still high for the demonstration sections and it is 
usually not possible to organize smaller student groups 
because of the high number of students enrolling this 
course. 

Problem 3: The instructors also face with some 
maintenance problems in the laboratory since students 
accidentally broke some parts of the equipment. For 
example, once a student has broken while connecting 
2.4mm to SMA adaptor of the Vector Network Analyzer 
(VNA). The instructor had to order this part from the 
company and it took three months to fix the problem.  
Accordingly, the instructor could not be able to use this 
port of the VNA in that year and only be able to show 
measuring S11 parameter. 

Problem 4: There is a need for implementation of new 
technological tools in these courses. It is very important 
for the industrial organizations that the new engineers 
should know how to use at least one engineering design 
tool in order to practice on designing RF components, 
circuits or antennas. For example, our graduates are 
usually getting a job offer easily and becoming more 
competitive if they have experience on the design tools for 
RF, microwave or antenna. Additionally, the simulation 
tools such as CAD, help them to better figure out and 
experience the real-world industrial applications based on 
the theories that they have learned in the classroom.  
Introducing a simulation tool in such introduction courses 
also help students to better prepared for the advanced level 
courses such as RF and microwave circuit or antenna 
design and design project courses. In these courses they 
have a quick start without loosing time on learning and 
practicing on the simulation tools. 

Problem 5: There is a need for implementation of new 
instructional approaches used in these courses. The 
instructors of these courses should provide some 
instructional approaches for building relationships 
between the theory and practical content of the course. 
Otherwise, students are having problems to build this 
relationship by themselves and they think that some of the 
theoretical content is not applied in theory. As a result, 
students usually forget the theoretical information because 
of the loss of connection with the theory and practice 
components of the course. During the laboratory hours, 
students always complain about finding related theory on a 
specific experiment that they are working on and 
performing and usually their intension is on thinking that 
the lecture instruction (theory of the course) is not related 
with the experiments that they are performing. On the 
other hand, students’ learning expectation differ each 
other. Some students prefer to reach directly to the content 
that they are searching for, while others prefer to study the 
content from the beginning and then continue the 
experiments. Some of them prefer the graphical 
representations while the other prefer to read the text [10]. 
Accordingly, the instructors may have problems offering 
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lectures that meet the needs and expectations of the 
students. 

III. BACKGROUND OF THE STUDY 
In order to solve the above problems, we have 

researched the literature to investigate appropriate 
solutions. Some studies that address the problems faced in 
this course are summarized in this section. In traditional 
ways, the laboratory applications of these courses are 
offered by means of face-to-face training in particular 
laboratories. Usually, even for ideal cases, face-to-face 
laboratory applications in these courses have some 
limitations for both the instructor and the learner [11]. For 
example, offering such courses requires a large number of 
educators and supporting personnel as well as high setup 
and maintenance costs for some EE laboratories (such as 
those covering radio frequency and microwave 
techniques) [5]. If an open laboratory environment is not 
provided, students are restricted to a specific schedule and 
location for a particular course and are not be able to 
repeat the experiments as often as they wish or possibly 
need. Students also tend to have very limited opportunities 
to analyze the experimental data mathematically: usually 
the measurement device itself is unable to handle a large 
amount of data. In the absence of time constraints, 
students have the opportunity to process experimental data 
by using powerful software analysis tools, thus obtaining a 
clearer notion of the functionality of a certain device or 
setup.  

Recent developments in Internet-based services also 
encourage training and educational organizations to 
attempt e-learning models. Nowadays, educational and 
training organizations, particularly universities, are 
frequently using Internet technologies to enhance and 
supplement traditional face-to-face education. For 
example remote laboratory platforms enable learners to 
access physical instruments at a distant location and 
perform experiments remotely on the Internet [12]–[15]. 
Hence, a remote laboratory application in the RF domain 
seems to be a very critical tool in order to improve and 
support current educational environments. 

Additionally, computer simulations have been used in 
the curriculum of some EE courses such as 
electromagnetics, RF, microwave, and millimeter-wave 
areas [16], [17]. As Gupta et al. state, these simulators 
encourage building realistic design examples, verification 
of these designs, evaluation of the effects of real-life 
parameters on circuit characteristics before investing in the 
actual fabrication of the circuits, and building case studies 
that bridge the gap between classroom instruction of 
microwaves and the practice of microwaves in industry 
[4]. According to Gupta et al., for the first time in the 
history of microwave education, the aim of providing 
classroom instruction that is 100% relevant to the practice 
in industry is becoming possible [4].  

On the other hand, concept maps are the tools used to 
build relationships among concepts. These tools have been 
used in educational environments to better connect the 
relationships among theory and practice as well as among 

other concepts covered in a course. These tools also help 
the learners build relationships between previous 
knowledge and newly introduced concepts, encouraging 
meaningful learning rather than rote learning (memorizing 
concepts, no relationship to previous learning) [18].   

IV. NEWLY DESIGNED COURSE 
To improve the course, new approaches have been 

proposed for the laboratory and theoretical parts. This 
section summarizes the proposed curriculum for this 
course.  

A. Laboratory  
In new course design, laboratory session is supported 

by Remote RF laboratory [12]. In this environment for 
teaching how to use VNA, an electronic performance 
support system (EPSS) tool is used [19], [20]. Remote 
experiments provide fundamental knowledge in 
electromagnetic wave propagation,  knowledge about the 
analytical and graphical methods used in deduction of 
formulas used in microwaves, the ability to make 
correlations between the physical phenomena (what is 
happening and which are the causes)  and the ability to 
handle high complexity measurement devices (e.g. VNA). 
European Remote Radio Laboratory (ERRL) provides RF 
and microwave remote experiments 
(http://errlmoodle.atilim.edu.tr/). 

Implementation of Computer Aided Design Program 
(CAD)- Additionally, the new course curriculum is 
enriched with the applications on Computer Aided Design 
Program (CAD) and The AWR® Design Environment 
(donated by AWR Corporation) experiments. Laboratory 
hours include design tools to be used in the design, 
fabrication and analysis of RF and Microwave 
components. The students, after learning how to use 
Microwave CAD program step by step asked to design RF 
microwave filter for a substrate and design requirements 
given by the course instructor. Selected filters whose have 
best properties (not all of them) are fabricated in our 
laboratory by using PCB prototyping system, LPKF 
Promat C100/HF. Fabricated RF filters are measured by 
using VNA and analyzed. 

Laboratory Applications Design Of the New Course 

 First week, laboratory equipment’ are introduced to 
the students in the Remote Lab environment. For this 
purpose, an electronic performance system (EPSS) tool is 
used which provides just in time training for the users by 
providing the instruction according to the user needs and 
expectations [19], [20]. 

 Second week, the students learn how to use RF 
Remote Lab website in laboratory hours. Now, the 
students are ready to use laboratory at anytime and 
anywhere without guidance . 

Students freely perform the following remote lab 
experiments any time and any where according to their 
preferences: 
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Remote Experiment 1: Measurement of Scattering 
Parameters of Open, Short and Match load. This 
experiment is developed in order to familiarize users with 
control panel of VNA, fundamental principles of VNA. 
Furthermore, they can do basic measurements with VNA 
and calibrate of VNA, and observe SWR and impedance 
measurements with VNA.  Figure 1 shows the actual 
physical  laboratory setup for the experiment.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Setup for Measurement of scattering 
parameters of open, short and match load experiment 

In this experiment, fundamental functions and controls 
of AGILENT’s 8363B VNA is examined. Open load, 
short load and 50 ohm load are used as DUT (Device 
Under Test). Calibration procedures are defined, as well.  
VNA are used by the users to validate concepts like 
VSWR, reflection, and impedance matching by means of 
Smith Chart. Users can observe differences between 
theory and experiments since a remote laboratory works 
with real physical effects.   

 Following three weeks (3-5th weeks), the 
students learn how to use CAD program and to design 
simple microwave components :  

AWR Experiment 1: Design a Simple RC Filter to be 
familiar AWR environment and to understand how to 
simulate, create graphs and analyze a circuit in AWR. 

AWR Experiment 2: Transmission Line and Microstrip 
Line Analysis to study the behavior of an ideal 
transmission line (TL) at various lengths , to calculate 
width and length of microstrip line by using AWR  and to 
gain an ability to use some AWR tools , to store the 
information of the substrate material used in the microstrip 
line,  to solidify students understanding of transmission 
line theory and be able to design a microstrip line. 

AWR Experiment 3: Design a 10-dB T-Attenuator by 
Using Lumped Elements in order to strengthen to 
simulate, create graphs and analyze a circuit in AWR, to 
design a passive RF component, to analyze the network 
behavior of multiport microwave systems. 

AWR Experiment 4: Smith Chart and LC Matching 
Network  to get familiar with the Smith Chart by plotting 

different impedance values  and design a LC matching 
network, to use Smith Chart when solving transmission 
line problems, to analyze generator and load mismatched 
transmission line. 

AWR Experiment 5: Single Stub Tuning to gain an 
ability to use some AWR tools, to improve the ability of 
simulate, create graphs and analyze a circuit in AWR  to 
design a microstrip line, to use Smith Chart when solving 
transmission line problems, to analyze generator and load 
mismatched transmission line, to design single stub tuning 
networks in the design of microwave components and 
circuits 

Remote Experiment 2: Measurement of Scattering 
Parameters of RF Filters. In this experiment, users are 
familiarized with the basic microwave passive elements 
and measurement techniques. The objective of the 
experiment is to observe the concepts of reflection and 
transmission (return loss, standing wave ratio, reflection 
coefficient), to measure the frequency responses and the 
behavior considering the direct and reflected wave of a 
microwave filter and insertion loss, bandwidth and out-of-
band-rejection. For the experiment on measurement of 
scattering parameters the user must set VNA parameters 
such as the frequency range and number of points. One of 
the scattering parameters must be chosen. In this 
experiment, a user can view transmission characteristics of 
the filter and find the type of the filter (band pass, low-
pass, high-pass, or not-sure), the frequency at which the 
minimum attenuation for the filter occurs, minimum loss 
and the 3dB cut-off frequency for the filter, defined as that 
frequency where the transmission coefficient is reduced by 
3dB from the minimum attenuation.  

Remote Experiment 3: Extraction of Physical 
Parameters of a Coaxial Medium with Vector Network 
Measurement is performed. When a typical calibration is 
processed, the measurement reference plane is moved to 
the very ends of the test cables. But what would happen if 
we had a transition (such as connector, cable, adaptor…) 
between the DUT and reference plane. In this experiment 
we perform two measurements, with transition and 
without transition (Fig. 2). After the measurements we 
decide the effect of transitions. The effect of a transition 
on phase and reflection coefficient (S11) is examined and 
phase constant (β) and relative permittivity (εr) are 
calculated by means of these measurements.  

 

 

 

 

 

 

 

Figure 2. Remote experimental setup for extraction of 
physical parameters of a coaxial medium with vector 
network measurement experiment. 
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At certain frequency, phase constant (β) and relative 
permittivity (εr) are calculated by using the measurement 

results and  β
πλ 2=

λ
λε 0=r

 

 During following two weeks (weeks 6 & 7), students 
perform the following experiments freely by using the 
distance laboratory environment [ERRL referans]. During 
this period, students are also free to use the physical 
laboratory environment to design any RF component.  

Remote Experiment 4: RF Amplifier Measurements 
experiment. In this experiment basic measurement of 
power amplifier (Fig. 3) with VNA is performed for 
constant input power. Frequency characteristics are 
measured for different frequency values. This experiment 
allows the user to become familiar with the power 
amplifiers and their frequency band measurement with 
VNA.  When completed, the user has an idea about 
characteristic such as gain, flatness, impedance, return loss 
etc . Vector network analyzer measurement capabilities 
are also improved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. RF power amplifier. 

 

Remote Experiment 5: Antenna Analysis. This 
experiment is focused on the measurement, of reflected-
transmitted power, of input impedance vs. frequency and 
SWR of several antennas (Fig. 4). With this experiment 
various measurements on wire, horn and patch antennas 
are performed with the Vector network analyzer. Aims of 
the experiment are measurement of loss power, reflected 
power and transmitted power of the antennas and the SWR 
and the input impedance of the antenna at the certain 
frequency range.  

Last three weeks (8-10th weeks) are reserved to the 
students for designing, implementation and measuring 

their own RF microwave filters. Students work in a team 
to design a filter with specifications that is provided.   

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Remote experimental setup for antenna 
analysis experiment. 

 

 B. Theoretical Instruction  

One of the problems of this course was building 
relationships between course content and laboratory 
applications. Accordingly, as shown in Figure 5, we have 
developed a concept map in order to help students develop 
these relationships. The map in Figure 5 shows how the 
relationships between the course content and laboratory 
experiments can be formed. The graphical represantation 
also helps to better visualize the possible relationships.  

In this concept map experiments are connected by lines 
to the course content by using keywords. In this way it is 
expected that students will be able to build relationships 
between the experiments and theoretical content and 
analyze the experiment results accordingly. They are also 
able to find the theoretical details by using the search 
functionality of the remote laboratory environment1. 

We have applied this newly designed course for one  
semester at Atilim University. Students’ feedback and 
course instructor’s opinions were very positive after the 
implementation of the new course. They all declared that 
the problems that they had faced in previous years were all 
addressed with the new course design.  

 

 

 

 

 
                                                           
1 http://errlmoodle.atilim.edu.tr/ 
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Figure 5.  A Concept Map of Course Theory and Hands-on Application Activities 
 

 

V. DISCUSSIONS AND CONCLUSIONS 
In this study, we first listed the main problems of the 

introduction to RF and Microwave (MW) systems course. 
Then, in order to address these problems, we proposed a 
new curriculum model for both the laboratory and 
theoretical parts of the course. Finally, we applied the new 
curriculum of the laboratory activities for the course over 
one semester.  

The course instructor believes that, because of the new 
approaches used in this course, instructors will have more 
time to extend course content and provide more 
experiments for the students. For example, in this semester 
the course instructor had time to demonstrate  seven 
experiments that had not been studied in previous years.  

 

 

The course instructor also reported that the remote 
laboratory environment significantly improved students’ 
understanding of the experimental studies when compared 
to previous years. Additionally, since the students were 
better prepared to understand the background of the 
RF/Microwave components design, they were able to 
fabricate and measure the RF/Microwave component. 

After taking the newly designed course, the students 
will not need to learn how to use the design and 
measurement tools featured in elective courses and design 
projects that follow in the sequence of the EE program at 
this University. These skills are expected to eliminate the 
need to provide repeated instructions on the usage of these 
tools throughout the curriculum, which allows for 
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additional time for the instructors to perform other 
activities.   

We believe that, in the long term, the students will 
receive greater numbers of job offers and their job 
performance will improve because they will be better 
prepared for industrial environments due to their exposure 
to the new technologies and more practical hands-on, trial-
and-error type experiences.  

REFERENCES 
[1]  W. A.Wulf, “How shall we satisfy long-term educational needs of 
engineers?,”  Proc. IEEE, vol. 88, no. 4, pp. 593–596, Apr. 2000.  
[2] T. M. Weller, P. G. Flikkema, L. P. Dunleavy, H. C. Gordon, R. E. 
Henning, “Educating tomorrow's RF/microwave engineer: a new 
undergraduate laboratory uniting circuit and system concepts,” 
Microwave Symposium Digest, 1998 IEEE MTTS International, vol. 2, 
pp. 563–566, Jun. 1998. 
[3] S. S. Sloan, “Preparing the wireless workforce,” FIE ’05, Frontiers 
in Education, pp. S2D23-S2D27, Oct. 2005. 
[4] K. C. Gupta, T. Itoh, A. A. Oliner, “Microwave and RF education-
past, present, and future,” IEEE Trans. on Microwave Theory and Tech., 
vol. 50, no. 3, pp. 1006-1014, Mar. 2002. 
[5] C. C. Ko, B. M. Chen, S. H. Chen, V. Ramakrishnan, R. Chen, S. Y. 
Hu, Y. Zhuang, “A web-based virtual laboratory on a frequency 
modulation experiment,” IEEE Trans. on Systems, Man and 
Cybernetics-Part C: Applications and Reviews, vol. 31, no. 3, pp. 295-
303, Aug. 2001. 
[6] M. Mazanek, M. Polivka, P. Cerny, P. Piksa, P. Pechac, “Education 
in antennas, wave propagation and microwave techniques,” ICECom 
2005 18th International Conference on Applied Electromagnetics and 
Communications, pp. 1-4, Oct. 2005. 
[7] C. Furse, R. Woodward, and M. Jensen, “Laboratory project in 
wireless FSK receiver design,” IEEE Trans. on Education, vol. 47, no. 
1, pp. 18-25, Feb. 2004. 
[8] W. B. Kuhn, “A senior-level RF design course combining traditional 
lectures with an open laboratory format,” 30th ASEE/IEEE frontiers in 
Education Conference, 2000. 
[9] F. Cassara, “Wireless Communication Laboratory,” IEEE Trans. on 
Education, vol. 49, no. 1, pp. 132-140, Feb. 2006. 
[10] N. E. Cagiltay, E. Aydin, C. C. Aydin, A. Kara, M. Alexandru, 
“Seven principles for the instructional content design of a remote 
laboratory: A case study on ERRL,” Technical Report TR-EE-2009-1, 
Atilim University, 2009.  
[11] J. Sanchez, S. Dormido, R. Pastor, F. Morilla, “A Java/Matlab-
based environment for remote control system laboratories: Illustrated 
with an Inverted Pendulum,” IEEE Transactions on Education, vol. 47, 
no. 3, pp. 321-329, Aug. 2004. 
[12] N. E. Cagiltay, E. Aydin, R. Oktem, A. Kara, M. Alexandru, and B. 
Reiner, “Requirements on remote RF laboratory applications: An 
educators’ perspective,” IEEE Transactions on Education, vol. 52, no. 1, 
pp. 75-81, Feb. 2009. 
[13] N. E. Cagiltay, E. U. Aydin, A. Kara, “Remote RF laboratory 
requirements: Engineers’ and technicians’ perspective,” Turkish Online 
Journal of Distance Education-TOJDE, vol. 8, pp. 1-4, October 2007. 
[14] A. Kara, E. Aydin, R. Oktem, N. E. Cagiltay, “A Remote laboratory 
for training in radio communications: ERRL,” The 18th Annual IEEE 
International Symposium on Personal, Indoor and Mobile Radio 
Communications (PIMRC ’07), 3-7 September 2007, Athens, Greece. 
[15] A. Kara, A. G. Kara, C. Ç. Aydın, E. Aydin, N. E. Cagiltay, “What 
do remote Laboratory applications promise for engineering students: A 
case study of ERRL project,” Bilişim Teknolojileri Işığında Eğitim 
Konferansı, pp. 41-45, 19-21 November 2008, Ankara, Turkey. 
[16] J. C. Rautio, “Educational use of a microwave electromagnetic 
analysis of 3-D planar structures,” Comput. Applicat. Eng. Educ., vol. 1, 
no. 3, pp. 243–254, 1993. 
[17] J. C. Rautio, “The impact on education of widely available 
commercial 3-D planar electromagnetic software,” Comput. Applicat. 
Eng. Educ., vol. 8, no. 2, pp. 51–60, Sept. 2000. 
 

[18] K. C. Gupta, R. Ramadoss, and H. Zhang, “Concept mapping and 
concept modules for Web-based and CD-ROM-based RF and 
microwave education,” IEEE Trans. Microwave Theory Tech., vol. 51, 
pp. 1306–1311, Mar. 2003. 
[19] C. Alparslan, N. E. Cagiltay, M. Özen, E. U. Aydin, “Teaching 
usage of equipments in a remote laboratory,” Turkish Online Journal of 
Educational Technology, TOJET, vol. 7, no. 1, 2008.  
[20] C. Alparslan, N. E.Cagiltay, “How to teach usage of equipments in 
a remote laboratory,” The 18th Annual IEEE International Symposium 
on Personal, Indoor and Mobile Radio Communications (PIMRC’07), 
3-7 September 2007, Athens, Greece. 

 
817



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




