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Abstract
Wireless charging technology, in particular, Inductive Power Transfer (IPT), has been evolving during
the last decades, and it’s starting to become attractive for electric mobility applications. The working
principle of the IPT technology is based on two coils separated by an air gap and magnetically coupled
together; since the medium to transfer the energy is the air between the coils, the magnetic circuit of
this system becomes remarkably important, as the magnetic flux need to be constrained as much as
possible for the sake of securing the magnetic linkage between the coils. In this thesis, the design
process of the casing of the coils is presented, such casing will ensure that the coils are always kept
fixed according to their design.

From this point, the first goal of this thesis arises: Design an accurate and modular casing for the coils
of a 50 kW IPT system that will fix such elements in the correct position, and which will allow for easy
changes/upgrades in the coil if required. The design process of such casing was to first do the CAD
model of the coils, and then do the CAD model of the casing, by considering the following criteria: ac-
curate dimensions, easy and fast to manufacture and assemble, modular-designed, light, adequately
cooled, and robust. The result of such design was a casing that was actually manufactured and as-
sembled, and that is currently being used to test a 50 kW IPT prototype system.

Besides procuring an efficient coil design for the IPT systems, it’s important to understand the dynamic
behavior of the IPT electric system. One of the elements that could potentially influence the electric
behavior of such system is known as parasitic capacitance. From here, the second objective of this
thesis arises: Derive the parasitic capacitance of the coils in order to perform a better circuit modeling
and to predict a possible over-voltage across such capacitance.

The methodology to derive the parasitic capacitance of the coils was first to perform an electromagnetic
fields FEM simulation on the coils in order to obtain a set of parameters such as the coils impedance,
resonance frequency and inductance. With these parameters and a set of equations, it was possible
then to derive the parasitic capacitance of each coil. Finally, with this information, it was possible
to build a (virtual) equivalent circuit of the IPT system and evaluate the voltage across the parasitic
capacitance. It was concluded from this thesis that the parasitic capacitance at the standard operating
frequency (85 kHz) does not represent a risk of over-voltage, but as the frequency goes close to the
resonance frequency (1.46 MHz), the electric field across the capacitor could reach values up to 14
kV/mm.

C.F. de la Garza Cuevas
Delft, August 2022
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Preface
This thesis about ”Electromagnetic Field Modeling for the Charging Pads of a 50 kW IPT System and
Mechanical Design for the Pad’s Casings” has been written to obtain the MSc degree in Sustainable
Energy Technolgy at the Delft University of Technology. The work was performed at the DC Systems,
Energy Conversion and Storage (DCE&S) research group from TU Delft.

This thesis has been written with the goal to contribute to the current efforts to promote the electric
mobility as a mean of transportation, especially in the public transportation sector. This report has
been written for anyone who seeks to have a better understanding of a Finite Element Method (FEM)
analysis applied to a wireless charging system for electric vehicles (EVs), and also for anyone who is
interested in the 3D design process of the casing for prototype wireless charging systems for EVs.

Readers that are interested in the design of a casing for the charging pads of an EV wiresless charger
prototype can refer to the chapter 3, while readers who are interested in electromagnetic FEM simula-
tions applied to the wireless charging systems for EVs can refer to chapter 4.

C.F. de la Garza Cuevas
Delft, August 2022
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�F�D�S�D�F�L�W�D�Q�F�H �L�V �F�D�O�F�X�O�D�W�H�G �L�Q �D �Z�D�\ �W�K�D�W �W�K�H �V�\�V�W�H�P �U�H�V�R�Q�D�W�H�V �Q�H�D�U �W�K�H �V�W�D�Q�G�D�U�G�L�]�H�G �R�S�H�U�D�W�L�R�Q �I�U�H�T�X�H�Q�F�\
�I�R�U �,�3�7 �L�Q �(�9 �D�S�S�O�L�F�D�W�L�R�Q�V�� �Z�K�L�F�K �L�V �����N�+�]�>���� �@�� �7�K�H�V�H �F�R�P�S�H�Q�V�D�W�L�R�Q �F�D�S�D�F�L�W�R�U�V �F�D�Q �E�H �H�L�W�K�H�U �D�S�S�O�L�H�G
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�L�Q �V�H�U�L�H�V �R�U �S�D�U�D�O�O�H�O �W�R �W�K�H �Z�L�Q�G�L�Q�J �W�H�U�P�L�Q�D�O�V�� �P�R�U�H �G�H�W�D�L�O�V �D�E�R�X�W �W�K�H �F�R�P�S�H�Q�V�D�W�L�R�Q �W�R�S�R�O�R�J�L�H�V �Z�L�O�O �E�H
�S�U�H�V�H�Q�W�H�G �L�Q�V�H�F�W�L�R�Q �������� �,�W �F�D�Q �E�H �V�H�H�Q �I�U�R�P�(�T�X�D�W�L�R�Q ���������W�K�D�W�� �L�I�� �� 
N�O �R�U �W�K�H
R�¼��
Q�R �U�D�W�L�R �D�U�H �L�Q��
�F�U�H�D�V�H�G�� �W�K�H�Q �W�K�H �S�R�Z�H�U �W�U�D�Q�V�I�H�U �F�D�Q �E�H �R�S�W�L�P�L�]�H�G �>���@�� �1�H�Y�H�U�W�K�H�O�H�V�V�� �P�R�G�L�I�\�L�Q�J �W�K�H �Y�D�O�X�H �R�I �D�Q�\ �R�I
�W�K�H�V�H �S�D�U�D�P�H�W�H�U�V �L�P�S�O�L�H�V �D �W�U�D�G�H���R�I�I �L�Q �W�K�H �V�\�V�W�H�P�� �I�R�U �L�Q�V�W�D�Q�F�H�� �L�I �W�K�H �V�\�V�W�H�P �L�V �R�S�H�U�D�W�H�G �D�W �K�L�J�K�H�U
�I�U�H�T�X�H�Q�F�L�H�V�� �W�K�H �V�Z�L�W�F�K�L�Q�J �O�R�V�V�H�V �Z�L�O�O �L�Q�F�U�H�D�V�H�� �D�Q�G�� �D�V �D �F�R�Q�V�H�T�X�H�Q�F�H�� �W�K�H �R�S�H�U�D�W�L�Q�J �W�H�P�S�H�U�D�W�X�U�H��
�W�K�L�V �F�D�Q �E�H �F�R�X�Q�W�H�U�D�F�W�H�G �E�\ �W�K�H �X�V�H �R�I �S�U�R�S�H�U �W�K�H�U�P�D�O �L�Q�V�X�O�D�W�L�R�Q �D�Q�G �K�H�D�W �G�L�V�V�L�S�D�W�L�R�Q �W�H�F�K�Q�L�T�X�H�V�� �E�X�W
�W�K�H �R�Y�H�U�D�O�O �F�R�V�W �R�I �W�K�H �V�\�V�W�H�P �Z�L�O�O �L�Q�F�U�H�D�V�H �>���@�� �$ �K�L�J�K �R�S�H�U�D�W�L�R�Q �I�U�H�T�X�H�Q�F�\ �F�D�Q �D�O�V�R �L�Q�F�U�H�D�V�H �W�K�H �Z�L�Q�G��
�L�Q�J �O�R�V�V�H�V �G�X�H �W�R �V�N�L�Q �D�Q�G �S�U�R�[�L�P�L�W�\ �H�I�I�H�F�W�� �Z�K�L�F�K �F�R�X�O�G �E�H �P�L�W�L�J�D�W�H�G �Z�L�W�K �W�K�H �X�V�H �R�I�/�L�W�] �Z�L�U�H�� �� �D�W �W�K�H
�H�[�S�H�Q�V�H �R�I �L�Q�F�U�H�D�V�L�Q�J �W�K�H �R�Y�H�U�D�O�O �F�R�V�W �D�V �Z�H�O�O�� �,�Q�F�U�H�D�V�L�Q�J
N�O �L�P�S�O�L�H�V �D�Q �L�Q�F�U�H�D�V�H �L�Q �W�K�H �W�H�P�S�H�U�D�W�X�U�H
�R�I �W�K�H �F�R�L�O�V �G�X�H �W�R �M�R�X�O�H �H�I�I�H�F�W�� �V�R �W�K�H �F�X�U�U�H�Q�W �E�H�F�R�P�H�V �F�R�Q�V�W�U�D�L�Q�H�G �E�\ �W�K�H �W�H�P�S�H�U�D�W�X�U�H �U�D�W�L�Q�J�V �R�I �W�K�H
�Z�L�U�H�¶�V �L�Q�V�X�O�D�W�L�R�Q �>���@�� �,�Q�F�U�H�D�V�L�Q�J �W�K�H
R�¼��
Q�R�U�D�W�L�R �H�Q�W�D�L�O�V �L�Q�F�U�H�D�V�L�Q�J �W�K�H �P�X�W�X�D�O �I�O�X�[ �E�H�W�Z�H�H�Q �W�K�H �W�Z�R �F�R�L�O�V
�D�Q�G �U�H�G�X�F�L�Q�J �W�K�H �O�H�D�N�D�J�H �I�O�X�[�H�V�� �Q�H�Y�H�U�W�K�H�O�H�V�V�� �D�F�F�R�P�S�O�L�V�K�L�Q�J �W�K�L�V �L�V �Q�R�W �D�Q �H�D�V�\ �W�D�V�N�� �I�L�U�V�W�� �G�X�H �W�R �W�K�H
�O�D�\�R�X�W �D�Q�G �J�H�R�P�H�W�U�\ �R�I �W�K�H �F�R�L�O�V ���R�Q�H �R�Q �W�R�S �R�I �W�K�H �R�W�K�H�U���� �W�K�H �P�D�J�Q�H�W�L�F �I�O�X�[ �F�U�H�D�W�H�G �E�\ �W�K�H �S�U�L�P�D�U�\
�F�R�L�O �Q�H�H�G�V �W�R �E�H �L�Q�F�U�H�D�V�H�G �L�Q �W�K�H �X�S�Z�D�U�G �G�L�U�H�F�W�L�R�Q�� �D�Q�G �U�H�G�X�F�H�G �L�Q �D�Q�\ �R�W�K�H�U �G�L�U�H�F�W�L�R�Q �>���@�� �L�Q �R�U�G�H�U �W�R
�D�F�K�L�H�Y�H �W�K�L�V�� �I�H�U�U�L�W�H �F�R�U�H�V �D�U�H �S�O�D�F�H�G �E�H�O�R�Z �D�Q�G �R�Q �W�R�S �R�I �W�K�H �S�U�L�P�D�U�\ �D�Q�G �V�H�F�R�Q�G�D�U�\ �F�R�L�O�V �U�H�V�S�H�F�W�L�Y�H�O�\��
�D�V �V�K�R�Z�Q �L�Q�)�L�J�X�U�H �������� �L�Q �W�K�L�V �Z�D�\�� �W�K�H �P�D�J�Q�H�W�L�F �F�R�X�S�O�L�Q�J �L�V �H�Q�K�D�Q�F�H�G�� �Q�H�Y�H�U�W�K�H�O�H�V�V�� �L�I �W�K�H �G�L�V�W�D�Q�F�H
�E�H�W�Z�H�H�Q �W�K�H �F�R�L�O�V �L�Q�F�U�H�D�V�H�V�� �W�K�H�Q �W�K�H �U�H�D�F�W�L�Y�H �S�R�Z�H�U �G�U�D�Z�Q �I�U�R�P �W�K�H �V�X�S�S�O�\ �D�O�V�R �Q�H�H�G�V �W�R �L�Q�F�U�H�D�V�H
�L�Q �R�U�G�H�U �W�R �P�D�N�H �V�X�U�H �W�K�D�W �W�K�H �I�O�X�[ �O�L�Q�N�D�J�H �W�R �W�K�H �V�H�F�R�Q�G�D�U�\ �F�R�L�O �U�H�P�D�L�Q�V �F�R�Q�V�W�D�Q�W�� �$�Q�R�W�K�H�U �L�V�V�X�H �L�V
�U�H�O�D�W�H�G �W�R �W�K�H �S�R�W�H�Q�W�L�D�O �P�L�V�D�O�L�J�Q�P�H�Q�W �E�H�W�Z�H�H�Q �W�K�H �W�Z�R �F�R�L�O�V�� �Z�K�L�F�K �F�D�Q �H�Y�H�Q �O�H�D�G �W�R �]�H�U�R �S�R�Z�H�U �W�U�D�Q�V�I�H�U
�Z�K�H�Q �W�K�H�U�H �L�V �Q�R �I�O�X�[ �O�L�Q�N�D�J�H �W�R �W�K�H �U�H�F�H�L�Y�H�U �F�R�L�O�� �W�K�X�V�� �W�R�O�H�U�D�Q�F�H �W�R �P�L�V�D�O�L�J�Q�P�H�Q�W ���F�R�Q�W�U�R�O�O�H�G �P�D�L�Q�O�\ �E�\
�W�K�H �V�K�D�S�H �R�I �W�K�H �F�R�L�O�V�� �L�V �Y�H�U�\ �L�P�S�R�U�W�D�Q�W �I�R�U �W�K�H �V�\�V�W�H�P �G�H�V�L�J�Q �>���@�� �%�H�V�L�G�H�V �R�S�W�L�P�L�]�L�Q�J �W�K�H �D�U�U�D�Q�J�H�P�H�Q�W
�R�I �W�K�H �F�R�U�H�V �D�Q�G �W�K�H �V�K�D�S�H �R�I �W�K�H �F�R�L�O�V�� �L�W �L�V �D�O�V�R �L�P�S�R�U�W�D�Q�W �W�R �G�H�V�L�J�Q �D �S�U�R�S�H�U �F�R�P�S�H�Q�V�D�W�L�R�Q �F�L�U�F�X�L�W �W�R
�P�D�[�L�P�L�]�H �W�K�H �S�R�Z�H�U �W�U�D�Q�V�I�H�U�� �,�Q �W�K�H �Q�H�[�W �V�H�F�W�L�R�Q �W�K�L�V �W�R�S�L�F �Z�L�O�O �E�H �D�G�G�U�H�V�V�H�G��

�)�L�J�X�U�H �������� �(�[�D�P�S�O�H �R�I �O�D�\�R�X�W �I�R�U �Z�L�Q�G�L�Q�J�� �I�H�U�U�L�W�H �F�R�U�H�V �D�Q�G �P�H�W�D�O �V�K�L�H�O�G�V ���)�U�R�Q�W �Y�L�H�Z��

���������&�R�P�S�H�Q�V�D�W�H�G�,�3�7�V�\�V�W�H�P

�6�L�Q�F�H �Z�H �D�U�H �G�H�D�O�L�Q�J �Z�L�W�K �F�R�L�O�V �Z�L�W�K �O�R�Z �P�D�J�Q�H�W�L�F �F�R�X�S�O�L�Q�J�� �W�K�H �D�P�R�X�Q�W �R�I �H�Q�H�U�J�\ �V�W�R�U�H�G �L�Q �W�K�H �X�Q�F�R�X��
�S�O�H�G �P�D�J�Q�H�W�L�F �I�O�X�[ �Z�L�O�O �F�D�X�V�H �W�K�H �U�H�D�F�W�L�Y�H �S�R�Z�H�U �W�R �E�H �D�O�Z�D�\�V �F�R�Q�V�L�G�H�U�D�E�O�\ �O�D�U�J�H�U �W�K�D�Q �W�K�H �D�F�W�L�Y�H �S�R�Z�H�U��
�Z�K�L�F�K �Z�L�O�O �U�H�V�X�O�W �L�Q �D �S�R�R�U �S�R�Z�H�U �W�U�D�Q�V�I�H�U �D�Q�G �H�I�I�L�F�L�H�Q�F�\�� �W�K�L�V�� �R�I �F�R�X�U�V�H�� �L�Q �W�K�H �X�Q�F�R�P�S�H�Q�V�D�W�H�G �V�F�H�Q�D�U�L�R��
�$�V �F�D�Q �E�H �V�H�H�Q �L�Q�(�T�X�D�W�L�R�Q ���������� �W�K�H �S�R�Z�H�U �W�U�D�Q�V�I�H�U �F�D�Q �E�H �L�Q�F�U�H�D�V�H�G �E�\ �U�D�L�V�L�Q�J �W�K�H
R�¼��
Q�R�U�D�W�L�R�� �Q�H�Y��
�H�U�W�K�H�O�H�V�V�� �W�K�L�V �R�S�W�L�R�Q �L�V �R�I�W�H�Q �F�R�P�S�O�H�[ �G�X�H �W�R �W�K�H �O�D�U�J�H �D�L�U �J�D�S �W�K�D�W �H�[�L�V�W�V �E�H�W�Z�H�H�Q �W�K�H �F�R�L�O�V�� �$�Q�R�W�K�H�U
�R�S�W�L�R�Q �W�R �L�Q�F�U�H�D�V�H �W�K�H �S�R�Z�H�U �W�U�D�Q�V�I�H�U �L�V �E�\ �F�R�P�S�H�Q�V�D�W�L�Q�J �W�K�H �L�Q�G�X�F�W�L�Y�H �U�H�D�F�W�D�Q�F�H �Z�L�W�K �W�K�H �D�G�G�L�W�L�R�Q �R�I
�F�D�S�D�F�L�W�L�Y�H �U�H�D�F�W�D�Q�F�H �L�Q �W�K�H �V�\�V�W�H�P�� �7�K�H �F�R�P�S�H�Q�V�D�W�L�R�Q �F�D�Q �E�H �H�L�W�K�H�U �D�G�G�H�G �L�Q �S�D�U�D�O�O�H�O �R�U �L�Q �V�H�U�L�H�V �W�R
�W�K�H �F�R�L�O �F�L�U�F�X�L�W�� �D�V �F�D�Q �E�H �V�H�H�Q �L�Q�)�L�J�X�U�H �������� �)�L�J�X�U�H ���������D�� �V�K�R�Z�V �W�K�H �,�3�7 �F�R�L�O�V �Z�L�W�K �S�D�U�D�O�O�H�O �F�R�P�S�H�Q��
�V�D�W�L�R�Q�� �Z�K�L�O�H�)�L�J�X�U�H ���������E�� �V�K�R�Z�V �W�K�H �V�H�U�L�H�V �F�R�P�S�H�Q�V�D�W�L�R�Q�� �,�Q �W�K�H�V�H �F�L�U�F�X�L�W�V��
H�O �D�Q�G
H�R �D�U�H �F�K�R�V�H�Q
�W�R �U�H�V�R�Q�D�W�H �Z�L�W�K
Q�O �D�Q�G
Q�R �U�H�V�S�H�F�W�L�Y�H�O�\ �D�W �W�K�H �V�W�D�Q�G�D�U�G�L�]�H�G �R�S�H�U�D�W�L�Q�J �I�U�H�T�X�H�Q�F�\�� �,�I�� �I�R�U �L�Q�V�W�D�Q�F�H�� �W�K�H
�D�Q�D�O�\�V�L�V �L�V �I�R�F�X�V�H�G �R�Q �W�K�H �R�X�W�S�X�W �V�L�G�H ���V�H�F�R�Q�G�D�U�\ �V�L�G�H�� �R�I �W�K�H �S�D�U�D�O�O�H�O �F�R�P�S�H�Q�V�D�W�L�R�Q�� �D �Y�R�O�W�D�J�H �U�L�V�H �E�\
�D �I�D�F�W�R�U �R�I
V�D�F�U�R�V�V �W�K�H �S�D�U�D�O�O�H�O �F�L�U�F�X�L�W�V �G�H�Y�H�O�R�S�V �Z�K�H�Q �R�S�H�U�D�W�L�Q�J �D�W �W�K�H �U�H�V�R�Q�D�Q�F�H �I�U�H�T�X�H�Q�F�\ �>���@�� �J�L�Y�L�Q�J��

�� �/�L�W�]�Z�L�U�H �L�V �D �W�\�S�H �R�I �F�R�Q�G�X�F�W�R�U �P�D�G�H �X�S �R�I �P�X�O�W�L�S�O�H �L�Q�G�L�Y�L�G�X�D�O�O�\ �L�Q�V�X�O�D�W�H�G �V�W�U�D�Q�G�V �W�Z�L�V�W�H�G �R�U �Z�R�Y�H�Q �W�R�J�H�W�K�H�U�� �Z�K�R�V�H �P�D�L�Q �S�X�U�S�R�V�H
�L�V �W�R �U�H�G�X�F�H �W�K�H �O�R�V�V�H�V �L�Q �W�K�H �Z�L�Q�G�L�Q�J�V �F�U�H�D�W�H�G �E�\ �W�K�H �V�N�L�Q���H�I�I�H�F�W �D�Q�G �S�U�R�[�L�P�L�W�\���H�I�I�H�F�W �>���� �@
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[�R� 
h���º
R
N�O
V ������������

�:�K�H�U�H
V�L�Q �W�K�L�V �F�D�V�H �L�V �W�K�H �O�R�D�G�H�G �T�X�D�O�L�W�\ �I�D�F�W�R�U �R�I �W�K�H �V�H�F�R�Q�G�D�U�\ �F�L�U�F�X�L�W �Z�L�W�K �D �W�X�Q�L�Q�J �F�D�S�D�F�L�W�R�U ���K�H�Q�F�H��
�R�S�H�U�D�W�L�Q�J �D�W �U�H�V�R�Q�D�Q�F�H �I�U�H�T�X�H�Q�F�\�� �>���� �@�� �D�Q�G�� �º �L�V �W�K�H �U�H�V�R�Q�D�Q�F�H �D�Q�J�X�O�D�U �I�U�H�T�X�H�Q�F�\��
V�D�Q�G�� �º �F�D�Q �E�H
�H�[�S�U�H�V�V�H�G �D�V �L�Q�(�T�X�D�W�L�R�Q ���������D�Q�G�(�T�X�D�W�L�R�Q ���������� �Z�K�H�U�H
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�E�H�J�L�Q �W�R �F�R�Q�V�L�G�H�U�D�E�O�\ �L�Q�F�U�H�D�V�H�� �,�Q �W�K�H �R�W�K�H�U �K�D�Q�G�� �W�K�H �Z�R�U�N�L�Q�J �W�H�P�S�H�U�D�W�X�U�H �R�I �W�K�H �/�L�W�] �Z�L�U�H �L�V �O�L�P�L�W�H�G �W�R ������ �ƒ�& �G�X�H �W�R �L�W�V �+���F�O�D�V�V
�L�Q�V�X�O�D�W�L�R�Q�� �7�K�H �G�D�W�D �V�K�H�H�W�V �R�I �W�K�H �I�H�U�U�L�W�H �F�R�U�H�V �D�Q�G �W�K�H �/�L�W�] �Z�L�U�H �F�D�Q �E�H �I�R�X�Q�G �L�Q �>���� �@ �D�Q�G �>���� �@ �U�H�V�S�H�F�W�L�Y�H�O�\��
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�E�R�W�K �W�K�H �S�U�L�P�D�U�\ �D�Q�G �V�H�F�R�Q�G�D�U�\ �F�R�L�O�� �V�R�� �I�R�U �V�L�P�S�O�L�F�L�W�\ �U�H�D�V�R�Q�V�� �R�Q�O�\ �W�K�H �G�H�V�L�J�Q �S�U�R�F�H�V�V �R�I �W�K�H �S�U�L�P�D�U�\
�F�R�L�O �Z�L�O�O �E�H �D�G�G�U�H�V�V�H�G �L�Q �W�K�L�V �W�K�H�V�L�V�� �Q�H�Y�H�U�W�K�H�O�H�V�V�� �W�K�H �I�L�Q�D�O �U�H�V�X�O�W �I�R�U �E�R�W�K �F�D�V�L�Q�J�V �Z�L�O�O �E�H �V�K�R�Z�Q�� �7�K�H
�I�L�U�V�W �H�O�H�P�H�Q�W�V �W�R �E�H �G�H�V�L�J�Q�H�G �D�U�H �W�K�H �F�R�L�O�V�� �8�V�L�Q�J �D�V �U�H�I�H�U�H�Q�F�H �W�K�H �G�L�P�H�Q�V�L�R�Q�V �I�U�R�P�7�D�E�O�H �������� �D�Q�G
�D�O�V�R �W�D�N�L�Q�J �L�Q�W�R �F�R�Q�V�L�G�H�U�D�W�L�R�Q �W�K�D�W �W�K�H �/�L�W�] �Z�L�U�H �W�R �E�H �X�V�H�G�� �K�D�V �D �G�L�D�P�H�W�H�U �R�I �������� �P�P�� �Z�L�W�K �D�Q �L�Q�L�W�L�D�O
�E�H�Q�G �U�D�G�L�X�V �R�I ���� �P�P �I�U�R�P �W�K�H �L�Q�Q�H�U �V�L�G�H �R�I �W�K�H �W�X�U�Q�� �L�W �Z�D�V �S�R�V�V�L�E�O�H �W�R �G�R �W�K�H ���' �D�Q�G ���' �V�N�H�W�F�K�H�V
�R�I �W�K�H �F�R�L�O�V�¶ �F�H�Q�W�H�U�O�L�Q�H �S�D�W�K ���6�H�H�)�L�J�X�U�H �������D�Q�G�)�L�J�X�U�H ���������� �:�L�W�K �W�K�H �V�N�H�W�F�K �U�H�D�G�\�� �D �V�Z�H�H�S �W�K�U�R�X�J�K
�W�K�H �F�H�Q�W�H�U�O�L�Q�H�V �F�R�X�O�G �E�H �G�R�Q�H �L�Q �R�U�G�H�U �W�R �J�H�Q�H�U�D�W�H �W�K�H ���' �P�R�G�H�O�� �,�W �F�D�Q �E�H �V�H�H�Q �L�Q�)�L�J�X�U�H �������W�K�D�W �W�K�H
�F�R�L�O�V�¶ �S�D�W�K�V �I�R�U�P �D �F�O�R�V�H�G �O�R�R�S�� �W�K�L�V �Z�L�O�O �E�H �X�V�H�I�X�O �I�R�U �W�K�H�)�L�Q�L�W�H �(�O�H�P�H�Q�W �0�H�W�K�R�G���)�(�0 �� �H�O�H�F�W�U�R�P�D�J�Q�H�W�L�F
�V�L�P�X�O�D�W�L�R�Q �W�K�D�W �Z�L�O�O �E�H �G�H�V�F�U�L�E�H�G �L�Q�F�K�D�S�W�H�U ����

�)�L�J�X�U�H �������� ���' �V�N�H�W�F�K �R�I �W�K�H ���� �N�: �,�3�7 �S�U�L�P�D�U�\ �F�R�L�O

�� �7�K�H �/�L�W�] �Z�L�U�H �F�K�R�V�H�Q �I�R�U �W�K�L�V �S�U�R�M�H�F�W �Z�D�V �P�D�Q�X�I�D�F�W�X�U�H�G �E�\�(�O�H�N�W�U�L�V�R�O�D�� �,�W �K�D�V �D �Q�R�P�L�Q�D�O �G�L�D�P�H�W�H�U �R�I �������� �P�P�� �������� �F�R�S�S�H�U
�V�W�U�D�Q�G�V �L�Q�G�L�Y�L�G�X�D�O�O�\ �L�V�R�O�D�W�H�G�� �D�Q�G �D �V�W�U�D�Q�G �G�L�D�P�H�W�H�U �R�I �����™�P��
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�)�L�J�X�U�H �������� ���' �V�N�H�W�F�K �R�I �W�K�H ���� �N�: �,�3�7 �S�U�L�P�D�U�\ �F�R�L�O

�)�L�J�X�U�H �������� �&�$�' �P�R�G�H�O �R�I �W�K�H ���� �N�: �,�3�7 �S�U�L�P�D�U�\ �F�R�L�O

�,�W �F�D�Q �D�O�V�R �E�H �V�H�H�Q �I�U�R�P�)�L�J�X�U�H �������W�K�D�W �W�K�H �F�R�L�O �K�D�V �D �G�R�X�E�O�H���Z�L�U�H �F�R�Q�I�L�J�X�U�D�W�L�R�Q�� �Z�K�L�F�K �P�H�D�Q�V �W�K�D�W �W�K�H
�F�X�U�U�H�Q�W �I�O�R�Z �L�V �V�S�O�L�W �L�Q�W�R �W�Z�R �Z�L�U�H�V�� �W�K�H �S�X�U�S�R�V�H �R�I �W�K�L�V �L�V �W�R �L�P�S�U�R�Y�H �W�K�H �U�D�W�H�G �F�X�U�U�H�Q�W �G�H�Q�V�L�W�\ �R�I �W�K�H �F�R�L�O�V��
�7�K�H �Q�H�[�W �V�W�H�S �L�V �W�K�H �&�$�' �G�H�V�L�J�Q �R�I �W�K�H �I�H�U�U�L�W�H �F�R�U�H�V�� �Z�K�H�U�H �W�K�H �G�L�P�H�Q�V�L�R�Q�V �I�U�R�P�7�D�E�O�H �������Z�H�U�H �D�O�V�R
�X�V�H�G�� �7�K�H �I�H�U�U�L�W�H �F�R�U�H�V �D�U�H �F�R�Q�I�R�U�P�H�G �E�\ �D �V�H�U�L�H�V �R�I �V�P�D�O�O �I�H�U�U�L�W�H �S�O�D�W�H�V �P�D�Q�X�I�D�F�W�X�U�H�G �E�\�)�H�U�U�R�[�F�X�E�H��
�W�K�H �S�X�U�S�R�V�H �R�I �X�V�L�Q�J �W�K�H�V�H �V�P�D�O�O �I�H�U�U�L�W�H �S�O�D�W�H�V �Z�D�V �W�R �P�D�N�H �V�X�U�H �W�K�D�W �W�K�H �I�L�Q�D�O �G�L�P�H�Q�V�L�R�Q�V �R�I �W�K�H �F�R�U�H�V
�Z�H�U�H �D�V �F�O�R�V�H �D�V �S�R�V�V�L�E�O�H �W�R �W�K�H �P�X�O�W�L���R�E�M�H�F�W�L�Y�H �R�S�W�L�P�L�]�D�W�L�R�Q �V�W�X�G�\�� �7�K�H �G�L�P�H�Q�V�L�R�Q�V �R�I �H�D�F�K �R�I �W�K�H�V�H
�V�P�D�O�O �S�O�D�W�H�V �D�U�H ���������P�P�[���������P�P�[�������P�P ���V�H�H�)�L�J�X�U�H ���������� �Z�K�L�F�K �P�H�D�Q�V �W�K�D�W�� �L�Q �R�U�G�H�U �W�R �J�H�W �W�R �W�K�H
�I�L�Q�D�O �F�R�U�H �G�L�P�H�Q�V�L�R�Q�V�� �I�R�X�U �R�I �W�K�H�V�H �S�O�D�W�H�V �V�K�R�X�O�G �E�H �V�W�D�F�N�H�G �R�Q �W�R�S �R�I �H�D�F�K �R�W�K�H�U�� �D�Q�G �W�K�H�Q ���� �R�I �W�K�H�V�H
�V�W�D�F�N�V �V�K�R�X�O�G �E�H �S�O�D�F�H�G �Q�H�[�W �W�R �H�D�F�K �R�W�K�H�U�� �O�L�N�H �V�K�R�Z�Q �L�Q�)�L�J�X�U�H �������� �7�K�H �I�L�Q�D�O �&�$�' �G�H�V�L�J�Q �R�I �D �V�L�Q�J�O�H
�I�H�U�U�L�W�H �F�R�U�H �F�D�Q �E�H �V�H�H�Q �L�Q�)�L�J�X�U�H �������� �$�I�W�H�U �F�R�P�S�O�H�W�L�Q�J �W�K�H �I�H�U�U�L�W�H �F�R�U�H�V �G�H�V�L�J�Q�� �W�K�H �Y�L�U�W�X�D�O �D�V�V�H�P�E�O�\
�F�D�Q �E�H�J�L�Q�� �7�K�H �I�H�U�U�L�W�H �F�R�U�H�V �V�K�R�X�O�G �E�H �S�R�V�L�W�L�R�Q�H�G �L�Q �D �V�\�P�P�H�W�U�L�F �O�R�F�D�W�L�R�Q �Z�L�W�K �U�H�V�S�H�F�W �W�R �W�K�H �F�R�L�O �D�V
�V�K�R�Z�Q �L�Q�)�L�J�X�U�H ��������
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�)�L�J�X�U�H �������� �)�H�U�U�L�W�H �S�O�D�W�H �I�R�U �W�K�H �F�R�U�H�V �R�I �W�K�H �S�U�L�P�D�U�\ �S�D�G

�)�L�J�X�U�H �������� �)�H�U�U�L�W�H �S�O�D�W�H�V�¶ �O�D�\�R�X�W �I�R�U �W�K�H �F�R�U�H�V �R�I �W�K�H �S�U�L�P�D�U�\ �S�D�G
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�)�L�J�X�U�H �������� �)�H�U�U�L�W�H �F�R�U�H �I�R�U �W�K�H �S�U�L�P�D�U�\ �S�D�G

�)�L�J�X�U�H �������� �/�D�\�R�X�W �I�R�U �F�R�L�O �D�Q�G �I�H�U�U�L�W�H �F�R�U�H�V �R�I �S�U�L�P�D�U�\ ���� �N�: �,�3�7 �S�D�G

�7�K�H �O�D�V�W �D�F�W�L�Y�H �H�O�H�P�H�Q�W �W�R �E�H �G�H�V�L�J�Q�H�G �L�V �W�K�H �P�H�W�D�O �V�K�L�H�O�G�� �7�K�H �P�D�W�H�U�L�D�O �W�R �E�H �X�V�H�G �I�R�U �W�K�L�V �H�O�H�P�H�Q�W �L�V
�F�R�S�S�H�U�� �Z�L�W�K �D �W�K�L�F�N�Q�H�V�V �R�I �� �P�P�� �7�K�H �G�H�V�L�J�Q �F�D�Q �E�H �V�H�H�Q �L�Q�)�L�J�X�U�H �������� �Z�K�H�U�H �W�K�H �G�L�P�H�Q�V�L�R�Q�V �I�U�R�P
�7�D�E�O�H �������D�U�H �D�O�V�R �D�S�S�U�H�F�L�D�W�H�G�� �)�L�Q�D�O�O�\�� �W�K�H �Y�L�U�W�X�D�O �D�V�V�H�P�E�O�\ �R�I �W�K�H �D�F�W�L�Y�H �H�O�H�P�H�Q�W�V �F�D�Q �E�H �F�R�P�S�O�H�W�H�G��
�,�Q�)�L�J�X�U�H �������� �W�K�H �D�V�V�H�P�E�O�\ �R�I �W�K�H �D�F�W�L�Y�H �H�O�H�P�H�Q�W�V �F�D�Q �E�H �V�H�H�Q�� �Z�K�L�O�H�)�L�J�X�U�H ���������V�K�R�Z�V �W�K�H �J�D�S�V
�E�H�W�Z�H�H�Q �W�K�H �V�K�L�H�O�G �D�Q�G �W�K�H �F�R�U�H�V�� �E�H�W�Z�H�H�Q �W�K�H �F�R�U�H�V �D�Q�G �W�K�H �F�R�L�O�� �D�Q�G �E�H�W�Z�H�H�Q �H�D�F�K �F�R�U�H��
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�)�L�J�X�U�H �������� �0�H�W�D�O �V�K�L�H�O�G �I�R�U �W�K�H �S�U�L�P�D�U�\ �S�D�G

�)�L�J�X�U�H �������� �9�L�U�W�X�D�O �D�V�V�H�P�E�O�\ �R�I �W�K�H �D�F�W�L�Y�H �H�O�H�P�H�Q�W�V �I�U�R�P �W�K�H ���� �N�: �,�3�7 �S�U�L�P�D�U�\ �S�D�G



���������,�3�7 �S�D�G�V �G�H�V�L�J�Q �S�U�R�F�H�V�V ����

�)�L�J�X�U�H ���������� �6�L�G�H �Y�L�H�Z �R�I �D�F�W�L�Y�H �H�O�H�P�H�Q�W�V �Y�L�U�W�X�D�O �D�V�V�H�P�E�O�\

�������������&�R�R�O�L�Q�J �V�\�V�W�H�P �D�V�V�H�V�V�P�H�Q�W

�'�X�H �W�R �W�K�H �S�R�Z�H�U �O�R�V�V�H�V �L�Q �W�K�H �I�H�U�U�L�W�H �F�R�U�H�V�� �F�R�L�O�V �D�Q�G �P�H�W�D�O �V�K�L�H�O�G�V�� �� �L�W �Z�D�V �G�H�F�L�G�H�G �W�R �L�P�S�O�H�P�H�Q�W �D�Q
�D�L�U���F�R�R�O�L�Q�J �V�\�V�W�H�P �R�Q �W�K�H�,�3�7�F�K�D�U�J�L�Q�J �S�D�G�V �W�R �S�U�H�Y�H�Q�W �D�Q �H�[�F�H�V�V�L�Y�H �W�H�P�S�H�U�D�W�X�U�H �U�L�V�H �L�Q �V�X�F�K �H�O�H�P�H�Q�W�V��
�7�K�H �F�R�R�O�L�Q�J �V�\�V�W�H�P �G�H�V�F�U�L�E�H�G �L�Q �>���� �S���������@ ���V�H�H�)�L�J�X�U�H ���������� �Z�D�V �X�V�H�G �D�V �D �U�H�I�H�U�H�Q�F�H �W�R �G�H�V�L�J�Q �W�K�H
�F�R�R�O�L�Q�J �V�\�V�W�H�P �I�R�U �W�K�H �F�K�D�U�J�L�Q�J �S�D�G�V �R�I �W�K�H ���� �N�: �,�3�7 �V�\�V�W�H�P�� �7�K�H �I�L�U�V�W �G�H�V�L�J�Q �U�H�T�X�L�U�H�P�H�Q�W �W�R �W�D�N�H �L�Q�W�R
�F�R�Q�V�L�G�H�U�D�W�L�R�Q �Z�D�V �W�K�H �G�L�P�H�Q�V�L�R�Q�V �R�I �W�K�H �I�D�Q�� �Z�K�L�F�K �K�D�G �W�R �E�H �Q�R �O�D�U�J�H�U �W�K�D�Q �W�K�H �J�D�S�V �E�H�W�Z�H�H�Q �H�D�F�K
�F�R�U�H�� �:�L�W�K�L�Q �W�K�H �G�L�I�I�H�U�H�Q�W �R�S�W�L�R�Q�V �W�K�D�W �F�R�P�S�O�L�H�G �Z�L�W�K �W�K�L�V �U�H�T�X�L�U�H�P�H�Q�W�� �W�K�H �R�Q�H �Z�L�W�K �W�K�H �K�L�J�K�H�V�W �D�L�U�I�O�R�Z

�W�R �S�R�Z�H�U �U�D�W�L�R�Ã
�f �µ���l

�V
�Ç�Z�D�V �V�H�O�H�F�W�H�G�� �7�K�H �V�H�O�H�F�W�H�G �I�D�Q�V �I�R�U �W�K�H �S�U�L�P�D�U�\ �D�Q�G �V�H�F�R�Q�G�D�U�\ �I�D�Q�V �F�D�Q �E�H �V�H�H�Q

�L�Q�)�L�J�X�U�H ���������D�Q�G�)�L�J�X�U�H ���������U�H�V�S�H�F�W�L�Y�H�O�\�� �Z�K�L�O�H �W�K�H�L�U �W�H�F�K�Q�L�F�D�O �V�S�H�F�L�I�L�F�D�W�L�R�Q�V �F�D�Q �E�H �V�H�H�Q �L�Q�7�D�E�O�H ��������
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