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�F�U�R�Z�D�Y�H �P�H�D�V�X�U�H�P�H�Q�W�V �D�Q�G �V�H�Q�V�L�Q�J �R�I �V�L�Q�J�O�H �-�X�U�N�D�W �D�Q�G �+�(�.
�F�H�O�O�V �Z�H�U�H �X�V�H�G �W�R �R�Y�H�U�F�R�P�H �H�O�H�F�W�U�R�G�H �S�R�O�D�U�L�]�D�W�L�R�Q�� �Z�L�W�K �D�F �G�L��
�H�O�H�F�W�U�R�S�K�R�U�H�V�L�V �X�V�H�G �W�R �S�U�H�F�L�V�H�O�\ �S�O�D�F�H �F�H�O�O�V �E�H�W�Z�H�H�Q �Q�D�U�U�R�Z�O�\
�V�S�D�F�H�G �H�O�H�F�W�U�R�G�H�V�� �D�Q�G �U�H�O�D�W�L�Y�H�O�\ �Z�L�G�H �P�L�F�U�R�À�X�L�G�L�F �F�K�D�Q�Q�H�O�V �L�Q��
�F�R�U�S�R�U�D�W�H�G �W�R �S�U�H�Y�H�Q�W �F�H�O�O �F�O�R�J�J�L�Q�J��

�$ �P�L�Q�L�D�W�X�U�L�]�H�G �P�L�F�U�R�Z�D�Y�H �E�D�V�H�G�E�L�R�V�H�Q�V�R�U �Z�D�V �I�D�E�U�L�F�D�W�H�G �L�Q
�>�����@ �I�R�U�W�K�H �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q �R�I �O�L�Y�L�Q�J �D�Q�G �G�H�D�G �F�H�O�O�V �Y�L�D �W�K�H�L�U �G�L��
�H�O�H�F�W�U�L�F �S�U�R�S�H�U�W�L�H�V�� �$�Q�R�W�K�H�U �G�H�W�H�F�W�L�R�Q �V�\�V�W�H�P �L�V �E�D�V�H�G �R�Q �D �P�L��
�F�U�R�Z�D�Y�H �F�R�X�S�O�H�G �W�U�D�Q�V�P�L�V�V�L�R�Q �O�L�Q�H �U�H�V�R�Q�D�W�R�U �L�Q�W�H�J�U�D�W�H�G �L�Q�W�R �D�Q
�L�Q�W�H�U�I�H�U�R�P�H�W�H�U �>�����@�� �G�H�V�L�J�Q�H�G �I�R�U �W�K�H �G�H�W�H�F�W�L�R�Q �R�I �E�L�R�P�D�W�H�U�L�D�O�V
�L�Q �D �Y�D�U�L�H�W�\ �R�I �V�X�V�S�H�Q�G�L�Q�J �À�X�L�G�V��

�+�R�Z�H�Y�H�U�� �P�R�V�W �R�I �W�K�H�V�H �Z�R�U�N�V �K�D�Y�H �E�H�H�Q �G�H�G�L�F�D�W�H�G �W�R �W�K�H
�G�L�H�O�H�F�W�U�L�F �D�V�V�H�V�V�P�H�Q�W �R�I �J�U�R�X�S�V �R�I �F�H�O�O�V�� �U�D�W�K�H�U �W�K�D�Q �V�L�Q�J�O�H �F�H�O�O
�S�U�R�S�H�U�W�L�H�V�� �,�Q�F�U�H�D�V�L�Q�J �H�Y�L�G�H�Q�F�H �L�Q �R�W�K�H�U �F�O�L�Q�L�F�D�O �D�Q�G �S�U�H���F�O�L�Q�L�F�D�O
�V�W�X�G�L�H�V �V�X�J�J�H�V�W�V �W�K�D�W �W�K�H �V�L�Q�J�O�H���F�H�O�O �K�H�W�H�U�R�J�H�Q�H�L�W�\ �L�Q �W�K�H �U�H�J�X��
�O�D�W�L�R�Q �R�I �R�Q�F�R�J�H�Q�L�F �V�L�J�Q�D�O�L�Q�J �S�D�W�K�Z�D�\�V �L�V �D �J�H�Q�H�U�D�O �I�H�D�W�X�U�H �R�I
�P�R�V�W �F�D�Q�F�H�U�V�� �,�Q �>�����@ �L�W �Z�D�V �V�K�R�Z�Q �W�K�D�W �W�K�H �G�L�H�O�H�F�W�U�L�F �S�H�U�P�L�W��
�W�L�Y�L�W�\�� �F�D�S�D�F�L�W�D�Q�F�H �D�Q�G �F�R�Q�G�X�F�W�L�Y�L�W�\ �Y�D�O�X�H�V �R�I �F�H�O�O �P�H�P�E�U�D�Q�H�V
�D�U�H �K�L�J�K�H�U �I�R�U �Q�R�U�P�D�O �O�\�P�S�K�R�F�\�W�H�V �W�K�D�Q �I�R�U �P�D�O�L�J�Q�D�Q�W �R�Q�H�V��
�0�R�G�H�O���E�D�V�H�G �Q�X�P�H�U�L�F�D�O �S�U�H�G�L�F�W�L�R�Q�V �R�I �W�K�H �G�L�H�O�H�F�W�U�R�S�K�R�U�H�W�L�F �E�H��
�K�D�Y�L�R�U �R�I �V�S�K�H�U�R�L�G�D�O �E�L�R�O�R�J�L�F�D�O �F�H�O�O�V �D�U�H �F�D�U�U�L�H�G �R�X�W �L�Q �>�����@�� �$
�O�L�Q�H�D�U �U�H�O�D�W�L�R�Q�V�K�L�S �Z�D�V �R�E�V�H�U�Y�H�G �E�H�W�Z�H�H�Q �W�K�H �'�1�$ �F�R�Q�W�H�Q�W �R�I
�H�X�N�D�U�\�R�W�L�F �F�H�O�O�V �D�Q�G �W�K�H �F�K�D�Q�J�H �L�Q �F�D�S�D�F�L�W�D�Q�F�H �L�Q �>�����@ �W�K�D�W �L�V
�H�Y�R�N�H�G �E�\ �W�K�H �S�D�V�V�D�J�H �R�I �L�Q�G�L�Y�L�G�X�D�O �F�H�O�O�V �D�F�U�R�V�V �D �����N�+�] �H�O�H�F��
�W�U�L�F�¿�H�O�G�� �0�R�U�H�R�Y�H�U�� �W�K�H�R�U�H�W�L�F�D�O �D�Q�D�O�\�V�L�V �D�Q�G �P�H�D�V�X�U�H�P�H�Q�W �W�H�F�K��
�Q�L�T�X�H�V �I�R�U �G�L�H�O�H�F�W�U�L�F �V�S�H�F�W�U�R�V�F�R�S�\�R�I �E�L�R�O�R�J�L�F�D�O �F�H�O�O�V �L�Q �W�K�H �U�D�G�L�R
�I�U�H�T�X�H�Q�F�\ �U�D�Q�J�H �Z�H�U�H �U�H�Y�L�H�Z�H�G �L�Q �>�����@��

�,�Q �W�K�L�V �Z�R�U�N�� �Z�H �G�H�P�R�Q�V�W�U�D�W�H �D �Q�H�Z �D�S�S�O�L�F�D�W�L�R�Q �I�R�U �D �P�L��
�F�U�R�Z�D�Y�H �V�S�O�L�W �U�L�Q�J �U�H�V�R�Q�D�W�R�U ���6�5�5�� �Z�L�W�K �D �Q�D�U�U�R�Z�� �W�D�S�H�U�H�G �J�D�S
�V�H�F�W�L�R�Q�� �D�V �D �V�H�Q�V�R�U �I�R�U �W�K�H �G�L�H�O�H�F�W�U�L�F �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q �R�I �P�L��
�F�U�R�S�D�U�W�L�F�O�H�V�� �7�K�L�V �L�V �V�K�R�Z�Q �V�F�K�H�P�D�W�L�F�D�O�O�\ �L�Q �)�L�J�� ���� �L�O�O�X�V�W�U�D�W�L�Q�J
�W�K�H �J�D�S �D�G�D�S�W�L�R�Q �I�R�U �V�L�Q�J�O�H �F�H�O�O �L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V �L�Q �P�H�G�L�F�D�O �D�Q�G

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



�$�%�'�8�/�-�$�%�$�5et al.�� �0�2�'�(�/�/�,�1�* �$�1�' �0�(�$�6�8�5�(�0�(�1�7�6 �2�) �7�+�( �0�,�&�5�2�:�$�9�( �'�,�(�/�(�&�7�5�,�& �3�5�2�3�(�5�7�,�(�6 �2�) �0�,�&�5�2�6�3�+�(�5�(�6 ��������

�)�L�J�� ���� �6�F�K�H�P�D�W�L�F �R�I �W�K�H �V�S�O�L�W���U�L�Q�J �P�L�F�U�R�V�W�U�L�S �V�H�Q�V�R�U ���W�K�H �J�U�R�X�Q�G �S�O�D�Q�H �L�V�R�Q
�W�K�H �E�D�F�N �V�X�U�I�D�F�H�� �Q�R�W �V�K�R�Z�Q���� �F�R�Q�Q�H�F�W�H�G �W�R �D �P�L�F�U�R�Z�D�Y�H �Q�H�W�Z�R�U�N �D�Q�D�O�\�]�H�U �D�Q�G
�F�R�Q�W�U�R�O�O�H�G �E�\ �D �/�D�E�9�,�(�: �S�U�R�J�U�D�P�� �0�L�F�U�R�V�S�K�H�U�H�V �D�U�H �S�D�V�V�H�G �W�K�U�R�X�J�K �W�K�H �J�D�S
�U�H�J�L�R�Q �Y�L�D �D �Z�D�W�H�U �¿�O�O�H�G�� �J�O�D�V�V �F�D�S�L�O�O�D�U�\�� �D�I�W�H�U �>�����@��

�E�L�R�O�R�J�L�F�D�O �D�S�S�O�L�F�D�W�L�R�Q�V�� �7�K�U�H�H �V�L�]�H�V �R�I �W�K�H �V�H�Q�V�R�U�V �D�U�H �S�U�H�V�H�Q�W�H�G
�L�Q �W�K�L�V �Z�R�U�N�� �P�R�G�H�O �$�� �%�� �D�Q�G �&�� �Z�K�H�U�H �W�K�H �G�H�V�L�J�Q �D�Q�G �P�H�D�V�X�U�H��
�P�H�Q�W�V �R�I �P�R�G�H�O �$ �Z�D�V �S�U�H�V�H�Q�W�H�G �L�Q �>�����@�� �7�K�H �D�G�G�H�G �Z�R�U�N �R�I �W�K�L�V
�S�D�S�H�U �L�V �W�K�H �P�L�Q�L�D�W�X�U�L�]�D�W�L�R�Q �R�I �P�R�G�H�O �$ �V�H�Q�V�R�U �W�R �P�R�G�H�O�V �% �D�Q�G
�& �W�R �H�Q�K�D�Q�F�H �V�H�Q�V�R�U �V�H�Q�V�L�W�L�Y�L�W�\��

�,�Q �6�H�F�W�L�R�Q �,�,�� �W�K�H �W�K�H�R�U�\ �D�Q�G �F�R�Q�F�H�S�W�V �R�I �W�K�H �S�R�O�D�U�L�]�D�W�L�R�Q
�R�I �W�K�H �O�L�T�X�L�G �Z�L�W�K �D�Q�G �Z�L�W�K�R�X�W �V�S�K�H�U�H�V ���³�F�H�O�O�V�´�� �D�U�H �S�U�H�V�H�Q�W�H�G��
�D�O�V�R �W�K�H �W�K�H�R�U�H�W�L�F�D�O �H�Q�K�D�Q�F�H�P�H�Q�W�V �L�Q �V�H�Q�V�L�W�L�Y�L�W�\ �W�K�D�W �F�D�Q �E�H
�H�[�S�H�F�W�H�G �E�\ �W�D�S�H�U�L�Q�J �D�Q�G �U�H�G�X�F�L�Q�J �W�K�H �J�D�S�� �D�Q�G �W�K�D�W �G�X�H �W�R
�U�H�G�X�F�L�Q�J �W�K�H �R�Y�H�U�D�O�O �V�L�]�H �R�I �W�K�H �6�5�5�� �$ �G�H�V�F�U�L�S�W�L�R�Q �R�I �W�K�H
�V�H�Q�V�R�U �G�H�V�L�J�Q �D�Q�G �I�D�E�U�L�F�D�W�L�R�Q ���W�R�J�H�W�K�H�U �Z�L�W�K �V�L�P�X�O�D�W�L�R�Q �U�H�V�X�O�W�V��
�D�U�H �S�U�H�V�H�Q�W�H�G �L�Q �6�H�F�W�L�R�Q �,�,�,�� �,�Q �6�H�F�W�L�R�Q �,�9�� �W�K�H �H�[�S�H�U�L�P�H�Q�W�D�O
�U�H�V�X�O�W�V �D�U�H �G�H�P�R�Q�V�W�U�D�W�H�G �D�Q�G �G�L�V�F�X�V�V�H�G�� �Z�L�W�K �¿�Q�D�O �F�R�Q�F�O�X�V�L�R�Q�V
�G�H�V�F�U�L�E�H�G �L�Q �6�H�F�W�L�R�Q �9��

�,�,�� �&�2�1�&�(�3�7�6� � � 7�+�(�2�5�< �$�1�'�6�,�0�8�/�$�7�,�2�1

A. Odd and Even Resonator Modes

�7�K�H �6�5�5 �E�D�V�H�G �R�Q �W�K�H �P�L�F�U�R�V�W�U�L�S �J�H�R�P�H�W�U�\ ���L���H���� �Z�L�W�K �J�U�R�X�Q�G
�S�O�D�Q�H�� �V�K�R�Z�Q �L�Q �)�L�J�� �� �K�D�V �R�G�G �D�Q�G �H�Y�H�Q �P�R�G�H �U�H�V�R�Q�D�Q�F�H�V�� �7�K�H
�R�G�G �P�R�G�H �K�D�V �W�K�H �O�R�Z�H�U �U�H�V�R�Q�D�Q�F�H �I�U�H�T�X�H�Q�F�\ �D�Q�G �R�F�F�X�U�V �Z�K�H�Q
�W�K�H �Z�D�Y�H�O�H�Q�J�W�K �L�V �H�T�X�D�O �W�R �W�K�H �H�O�H�F�W�U�L�F�D�O �O�H�Q�J�W�K �R�I �W�K�H �U�L�Q�J �S�O�X�V
�W�K�H �J�D�S �>�����@�� �W�K�H �H�Y�H�Q �P�R�G�H �K�D�V �K�L�J�K�H�U �I�U�H�T�X�H�Q�F�\ �D�Q�G �R�F�F�X�U�V
�Z�K�H�Q �W�K�H �Z�D�Y�H�O�H�Q�J�W�K �L�V �H�T�X�D�O�W�R �W�K�H �U�L�Q�J �O�H�Q�J�W�K �R�Q�O�\ �>�����@��

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

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

�)�L�J�� ���� �4�X�D�V�L���7�(�0 �P�R�G�H�V �R�I �W�K�H �6�6�5�� ���D�� �2�G�G �P�R�G�H ���Z�L�W�K �O�D�U�J�H �H�O�H�F�W�U�L�F �¿�H�O�G
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B. Electric Dipole Moment Calculations
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C. Cavity Perturbation Theory
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�F�O�R�V�L�Q�J �W�K�H �G�H�Y�L�F�H�� �W�R �P�D�N�H �W�K�H �E�R�X�Q�G�D�U�L�H�V �W�U�D�Q�V�S�D�U�H�Q�W �I�R�U �W�K�H
�V�F�D�W�W�H�U�H�G �Z�D�Y�H�V�� �&�R�D�[�L�D�O �S�R�U�W�V �Z�H�U�H �X�V�H�G �W�R �I�H�H�G �W�K�H �H�O�H�F�W�U�R�P�D�J��
�Q�H�W�L�F �H�Q�H�U�J�\ �W�R �W�K�H �U�H�V�R�Q�D�W�R�U�� �7�K�H �U�H�O�D�W�L�Y�H �S�H�U�P�L�W�W�L�Y�L�W�\ �R�I �Z�D�W�H�U

�Z�D�V �G�H�V�F�U�L�E�H�G �L�Q �W�K�H �V�L�P�X�O�D�W�L�R�Q �E�\ �X�V�L�Q�J �'�H�E�\�H
�7�K�H�R�U�\ �>�����@ �D�V �L�W�V �S�H�U�P�L�W�W�L�Y�L�W�\ �L�V �Y�D�U�L�D�E�O�H �Z�L�W�K �I�U�H�T�X�H�Q�F�\�� �7�K�H
�S�U�R�S�H�U�W�L�H�V �R�I �W�K�H �P�D�W�H�U�L�D�O�V �W�K�D�W�Z�H�U�H �X�V�H�G �L�Q �W�K�H �V�L�P�X�O�D�W�L�R�Q �D�U�H
�V�K�R�Z�Q �L�Q �7�D�E�O�H �,�,�,�� �7�K�H �V�L�P�X�O�D�W�H�G �D�Q�G �P�H�D�V�X�U�H�G �U�H�V�X�O�W�V �R�I �W�K�H
�W�K�U�H�H �P�R�G�H�O�V �$�� �& �D�U�H�L�O�O�X�V�W�U�D�W�H�G �L�Q �)�L�J�� ���� �,�Q �)�L�J�� �� ���D���� �W�K�H �P�H�D��
�V�X�U�H�G �D�Q�G �V�L�P�X�O�D�W�H�G �U�H�V�X�O�W�V �R�I�R�I �W�K�H �P�R�G�H�O �$ �D�U�H �V�K�R�Z�Q �I�R�U
�W�K�U�H�H �F�D�V�H�V�� �Z�D�W�H�U �R�Q�O�\�� �Z�D�W�H�U �D�Q�G �����G�L�D�P�H�W�H�U �P�L�F�U�R�V�S�K�H�U�H��
�D�Q�G �Z�D�W�H�U �D�Q�G �����P�L�F�U�R�V�S�K�H�U�H�� �7�K�H �P�H�D�V�X�U�H�G �D�Q�G �V�L�P�X�O�D�W�H�G
�U�H�V�X�O�W�V �R�I �P�R�G�H�O�V �% �D�Q�G �& �D�U�H �L�O�O�X�V�W�U�D�W�H�G �L�Q �)�L�J�� �����E�� �D�Q�G ���F���� �U�H��
�V�S�H�F�W�L�Y�H�O�\�� �I�R�U �Z�D�W�H�U �D�Q�G �����G�L�D�P�H�W�H�U �P�L�F�U�R�V�S�K�H�U�H �F�D�V�H�V�� �,�Q
�D�O�O �P�R�G�H�O�V�� �W�K�H �U�H�V�X�O�W�V �V�K�R�Z�Q �L�Q �)�L�J�� �� �G�H�P�R�Q�V�W�U�D�W�H �W�K�D�W �W�K�H�U�H �L�V
�J�R�R�G �D�J�U�H�H�P�H�Q�W �E�H�W�Z�H�H�Q �W�K�H �P�H�D�V�X�U�H�G �D�Q�G �V�L�P�X�O�D�W�H�G �U�H�V�X�O�W�V��
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A. Measurement Set-Up and Data for Sensor A

�7�K�H �E�H�Q�F�K���W�R�S �D�V�V�H�P�E�O�\ �R�I �W�K�H �V�S�O�L�W �U�L�Q�J �U�H�V�R�Q�D�W�R�U �Z�L�W�K �W�K�H
�Q�H�W�Z�R�U�N �D�Q�D�O�\�]�H�U�� �P�L�F�U�R�V�F�R�S�H �D�Q�G �F�R�P�S�X�W�H�U �L�V �V�K�R�Z�Q �L�Q �)�L�J�� ����
�:�H �F�R�Q�V�L�G�H�U �¿�U�V�W �W�K�H �U�H�V�X�O�W�V �R�I �P�R�G�H�O �$�� �Z�L�W�K �D �U�H�V�R�Q�D�Q�F�H �I�U�H��
�T�X�H�Q�F�\ �R�I �D�S�S�U�R�[�L�P�D�W�H�O�\ ������ �*�+�]�� �)�L�J�� ���� �V�K�R�Z�V �W�K�H �E�U�R�D�G��
�E�D�Q�G �W�U�D�Q�V�P�L�V�V�L�R�Q �U�H�V�S�R�Q�V�H ���L���H������ �R�I �W�K�H �U�H�V�R�Q�D�W�R�U�
�V �¿�U�V�W
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�)�L�J�� ���� �0�H�D�V�X�U�H�G �D�Q�G �V�L�P�X�O�D�W�H�G�R�I �W�K�H �V�H�Q�V�R�U�V �Z�L�W�K �D �V�L�Q�J�O�H �P�L�F�U�R�V�S�K�H�U�H
�G�L�V�S�H�U�V�H�G �L�Q �Z�D�W�H�U �L�Q �W�K�H �J�D�S �U�H�J�L�R�Q�� ���D�� �0�R�G�H�O �$�� �D�I�W�H�U �>�����@�� ���E�� �0�R�G�H�O �%�� ���F��
�0�R�G�H�O �&��

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

�)�L�J�� ���� �3�K�R�W�R�J�U�D�S�K �R�I �W�K�H �D�V�V�H�P�E�O�\ �R�I �W�K�H �V�H�Q�V�R�U�� �Q�H�W�Z�R�U�N �D�Q�D�O�\�]�H�U�� �O�D�S�W�R�S
�F�R�P�S�X�W�H�U �D�Q�G �R�S�W�L�F�D�O �P�L�F�U�R�V�F�R�S�H �W�R �D�L�G �S�R�V�L�W�L�R�Q�L�Q�J �R�I �W�K�H �S�R�O�\�V�W�\�U�H�Q�H �P�L�F�U�R��
�V�S�K�H�U�H�V �L�Q �W�K�H �J�D�S �U�H�J�L�R�Q��

�)�L�J�� ������ �0�H�D�V�X�U�H�G �E�U�R�D�G�E�D�Q�G�U�H�V�S�R�Q�V�H �R�I �W�K�H �V�S�O�L�W �U�L�Q�J �U�H�V�R�Q�D�W�R�U ���P�R�G�H�O
�$�� �J�L�Y�H�Q �L�Q �>�����@�� �V�K�R�Z�L�Q�J �W�K�H �R�G�G �D�Q�G �H�Y�H�Q �P�R�G�H �U�H�V�S�R�Q�V�H�V ���W�K�H �H�Y�H�Q �P�R�G�H �K�D�V
�W�K�H �K�L�J�K�H�U �I�U�H�T�X�H�Q�F�\ �R�I �W�K�H �W�Z�R����

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

�7�K�H �U�H�V�X�O�W�V �L�Q �)�L�J�� ���� �Z�H�U�H �F�R�O�O�H�F�W�H�G �E�\ �D �F�R�P�S�X�W�H�U �U�X�Q�Q�L�Q�J �D
�/�D�E�9�L�H�Z �S�U�R�J�U�D�P �W�R �U�H�F�R�U�G �L�Q�V�W�D�Q�W�D�Q�H�R�X�V�O�\ �W�K�H �F�K�D�Q�J�H �L�Q �U�H�V�R��
�Q�D�Q�F�H �I�U�H�T�X�H�Q�F�\ �D�Q�G �L�Q�V�H�U�W�L�R�Q �O�R�V�V �R�I �E�R�W�K �P�R�G�H�V �R�Z�L�Q�J �W�R �W�K�H
�P�R�Y�H�P�H�Q�W �R�I �W�K�H �P�L�F�U�R�V�S�K�H�U�H�V�� �7�K�H�G�D�W�D �Z�D�V �¿�W�W�H�G �W�R �D
�/�R�U�H�Q�W�]�L�D�Q �F�X�U�Y�H�� �I�U�R�P �Z�K�L�F�K �W�K�H�U�H�V�R�Q�D�W�R�U �S�D�U�D�P�H�W�H�U�V �Z�H�U�H �H�[��
�W�U�D�F�W�H�G�� �7�K�H �Q�H�W�Z�R�U�N �D�Q�D�O�\�]�H�U �Z�D�V �D�Q �$�J�L�O�H�Q�W �(���������&�� �Z�L�W�K �D�Q
�,�) �E�D�Q�G�Z�L�G�W�K �R�I ���� �N�+�] �D�Q�G ������ �V�Z�H�H�S �S�R�L�Q�W�V �W�R �J�L�Y�H �D �V�Z�H�H�S
�W�L�P�H �R�I �D�S�S�U�R�[�L�P�D�W�H�O�\ �������� �V�� �7�K�L�V �L�V �I�D�V�W �H�Q�R�X�J�K �W�R �F�D�S�W�X�U�H
�H�Q�R�X�J�K �G�D�W�D �G�X�U�L�Q�J �W�K�H �V�K�R�U�W �W�L�P�H ���D�U�R�X�Q�G �� �V�� �Z�K�H�Q �W�K�H �P�L��
�F�U�R�V�S�K�H�U�H �R�F�F�X�S�L�H�G �W�K�H �J�D�S �U�H�J�L�R�Q �R�I �W�K�H �6�5�5�� �,�Q�F�U�H�D�V�H�V �L�Q �W�K�H
�R�G�G �P�R�G�H �U�H�V�R�Q�D�Q�F�H �I�U�H�T�X�H�Q�F�L�H�V �Z�H�U�H �P�H�D�V�X�U�H�G �W�R �E�H ��������
�N�+�] �D�Q�G ���������� �N�+�] �G�X�H �W�R �W�K�H �S�U�H�V�H�Q�F�H �R�I �W�K�H ���� �D�Q�G ����

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

���������� �G�%�� �U�H�V�S�H�F�W�L�Y�H�O�\�� �$�O�O �H�U�U�R�U�V �T�X�R�W�H�G �D�U�H �U�D�Q�G�R�P �H�U�U�R�U�V
�H�V�W�L�P�D�W�H�G �I�U�R�P �U�H�S�H�D�W�L�Q�J �H�D�F�K �H�[�S�H�U�L�P�H�Q�W �W�K�U�H�H �W�L�P�H�V�� �7�K�H�V�H
�G�R�P�L�Q�D�W�H �R�Y�H�U �R�W�K�H�U �V�\�V�W�H�P�D�W�L�F �H�U�U�R�U�V �O�L�Q�N�H�G �W�R �W�K�H �P�H�D�V�X�U�H��
�P�H�Q�W �V�\�V�W�H�P��
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�)�L�J�� ������ �0�H�D�V�X�U�H�G �Y�D�U�L�D�W�L�R�Q �R�I �W�K�H �U�H�V�R�Q�D�W�R�U �S�D�U�D�P�H�W�H�U�V �Z�L�W�K �U�H�V�S�H�F�W �W�R �W�L�P�H
�Z�K�H�Q �D ���� �G�L�D�P�H�W�H�U �P�L�F�U�R�V�S�K�H�U�H �H�Q�W�H�U�V �W�K�H �J�D�S �U�H�J�L�R�Q �R�I �P�R�G�H�O �$ ��������
�*�+�]���� �I�R�O�O�R�Z�H�G �E�\ �D �����G�L�D�P�H�W�H�U �P�L�F�U�R�V�S�K�H�U�H�� �D�I�W�H�U �>�����@�� ���D�� �7�K�H �U�H�V�R�Q�D�Q�F�H
�I�U�H�T�X�H�Q�F�\ �R�I �W�K�H �R�G�G �P�R�G�H�� ���E�� �W�K�H �L�Q�V�H�U�W�L�R�Q �O�R�V�V �R�I �W�K�H �R�G�G �P�R�G�H�� �D�Q�G ���F�� �W�K�H
�U�H�V�R�Q�D�Q�F�H �I�U�H�T�X�H�Q�F�\ �R�I �W�K�H �H�Y�H�Q �P�R�G�H��

B. Use of the Even Mode and Effects of Changing Temperature

�)�X�U�W�K�H�U�P�R�U�H�� �W�K�H�U�H �Z�D�V �Q�R �P�H�D�V�X�U�H�G �S�H�U�W�X�U�E�D�W�L�R�Q �R�I �W�K�H �H�Y�H�Q
� P� R� G� H � Z� L� W� K � W� K� H � V� D� P� H � P� L� F� U� R� V� S� K� H� U� H�À�R�Z�� �D�V �H�[�S�H�F�W�H�G ���)�L�J�� �������F������
�7�K�H�U�H�I�R�U�H�� �W�K�H �H�Y�H�Q �P�R�G�H �K�D�V �W�K�H �Y�H�U�\ �X�V�H�I�X�O �S�U�R�S�H�U�W�\ �W�K�D�W �L�W�V
�U�H�V�R�Q�D�Q�F�H �I�U�H�T�X�H�Q�F�\ �F�D�Q �E�H �X�V�H�G �W�R �P�R�Q�L�W�R�U ���D�Q�G �L�Q�G�H�H�G �F�R�U�U�H�F�W
�I�R�U�� �P�L�Q�X�W�H �F�K�D�Q�J�H�V �L�Q �W�H�P�S�H�U�D�W�X�U�H�� �7�K�L�V �L�V �H�V�V�H�Q�W�L�D�O �L�Q �D �S�U�D�F��
�W�L�F�D�O �G�H�Y�L�F�H �R�Z�L�Q�J �W�R �W�K�H �K�L�J�K�O�\ �W�H�P�S�H�U�D�W�X�U�H���G�H�S�H�Q�G�H�Q�W �F�R�P��
�S�O�H�[ �S�H�U�P�L�W�W�L�Y�L�W�\ �R�I �Z�D�W�H�U�� �2�W�K�H�U�Z�L�V�H�� �V�P�D�O�O �L�Q�F�U�H�D�V�H�V �L�Q �W�H�P��
�S�H�U�D�W�X�U�H �F�R�X�O�G �E�H �L�Q�I�H�U�U�H�G �D�V �E�H�L�Q�J �G�X�H �W�R �F�K�D�Q�J�H�V �L�Q �W�K�H �G�L�H�O�H�F��
�W�U�L�F �S�U�R�S�H�U�W�L�H�V �R�I �W�K�H �P�L�F�U�R�V�S�K�H�U�H�V�� �7�K�H �F�R�P�S�O�H�[ �S�H�U�P�L�W�W�L�Y�L�W�\ �R�I
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