
https://www.researchgate.net/publication/235410214_Metamaterials_with_Negative_Parameters_Theory_Design_and_Microwave_Applications?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/45893941_Magnetic_response_of_nanoscale_left-handed_metamaterials?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/222711688_Extraordinary_Optical_Transmission_Through_Sub-Wavelength_Hole_Arrays?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/26282849_Left-handed_extraordinary_optical_transmission_through_a_photonic_crystal_of_subwavelength_hole_arrays?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/224240844_Mastering_the_Propagation_Through_Stacked_Perforated_Plates_Subwavelength_Holes_vs_Propagating_Holes?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/7568315_Demonstration_of_Near-Infrared_Negative-Index_Materials?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/26311645_Polarized_left-handed_extraordinary_optical_transmission_of_subterahertz_waves?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/41657380_Single_negative_birefringence_in_stacked_spoof_Plasmon_metasurfaces_by_prism_experiment?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/222872493_Far-Infrared_Properties_of_Metallic_Mesh_and_Its_Complementary_Structure?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/258655401_Simplified_Circuit_Model_for_Arrays_of_Metallic_Dipoles_Sandwiched_Between_Dielectric_Slabs_Under_Arbitrary_Incidence?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/273392104_Closed-Form_Analysis_of_Artificial_Dielectric_Layers-Part_II_Extension_to_Multiple_Layers_and_Arbitrary_Illumination?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/224351892_Extraordinary_Transmission_Through_Arrays_of_Electrically_Small_Holes_From_a_Circuit_Theory_Perspective?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/224089531_Extraordinary_Transmission_Through_Arrays_of_Slits_A_Circuit_Theory_Model?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/264387195_Circuit_Model_for_Periodic_Array_of_Slits_With_Multiple_Propagating_Diffracted_Orders?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/230739406_Circuit_approach_to_the_minimal_configuration_of_terahertz_anomalous_extraordinary_transmission?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/224248829_Understanding_Anomalous_Extraordinary_Transmission_From_Equivalent_Circuit_and_Grounded_Slab_Concepts?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/234915489_Analytical_model_for_the_transmission_of_electromagnetic_waves_through_arrays_of_slits_in_perfect_conductors_and_lossy_metal_screens?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/258657385_Analytical_Wideband_Model_for_StripSlit_Gratings_Loaded_With_Dielectric_Slabs?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/230739430_Quarter-Wave_Plate_Based_on_Dielectric-Enabled_Extraordinary_Resonant_Transmission?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/23315759_Theory_of_Negative-Refractive-Index_Response_of_Double-Fishnet_Structures?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/51595251_Theory_of_Fishnet_Negative-Index_Optical_Metamaterials?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/258324851_Synthesis_of_transmission_line_models_for_metamaterial_slabs_at_optical_frequencies?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/258324851_Synthesis_of_transmission_line_models_for_metamaterial_slabs_at_optical_frequencies?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/258324851_Synthesis_of_transmission_line_models_for_metamaterial_slabs_at_optical_frequencies?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==


https://www.researchgate.net/publication/258657385_Analytical_Wideband_Model_for_StripSlit_Gratings_Loaded_With_Dielectric_Slabs?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/258657385_Analytical_Wideband_Model_for_StripSlit_Gratings_Loaded_With_Dielectric_Slabs?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/3019188_Molding_Left-_or_Right-Handed_Metamaterials_by_Stacked_Cutoff_Metallic_Hole_Arrays?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/3019188_Molding_Left-_or_Right-Handed_Metamaterials_by_Stacked_Cutoff_Metallic_Hole_Arrays?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/44852453_Circuit_modeling_of_the_transmissivity_of_stacked_two-dimensional_metallic_meshes?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/235489501_Left-Handed_Metamaterials_The_Fishnet_Structure_and_Its_Variations?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/26651848_Analytical_theory_of_wave_propagation_through_stacked_fishnet_metamaterials?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/258324851_Synthesis_of_transmission_line_models_for_metamaterial_slabs_at_optical_frequencies?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/45923981_Circuit_Analysis_in_Metal-Optics?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/261049448_Analytical_circuit_model_for_dipole_frequency-selective_surfaces?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/275898775_Analytical_Multimodal_Network_Approach_for_2-D_Arrays_of_Planar_PatchesApertures_Embedded_in_a_Layered_Medium?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/271461093_Analytical_circuit_model_for_stacked_slit_gratings?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/271461093_Analytical_circuit_model_for_stacked_slit_gratings?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/271461093_Analytical_circuit_model_for_stacked_slit_gratings?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/235409968_Field_Theory_of_Guided_Wave?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/235409968_Field_Theory_of_Guided_Wave?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==


https://www.researchgate.net/publication/275898775_Analytical_Multimodal_Network_Approach_for_2-D_Arrays_of_Planar_PatchesApertures_Embedded_in_a_Layered_Medium?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/275898775_Analytical_Multimodal_Network_Approach_for_2-D_Arrays_of_Planar_PatchesApertures_Embedded_in_a_Layered_Medium?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/275898775_Analytical_Multimodal_Network_Approach_for_2-D_Arrays_of_Planar_PatchesApertures_Embedded_in_a_Layered_Medium?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/224613529_Choice_of_Basis_Functions_for_Accurate_Characterization_of_Infinite_Array_of_Microstrip_Reflectarray_Elements?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==


https://www.researchgate.net/publication/3019333_Multimode_Equivalent_Networks_for_the_Design_and_Analysis_of_Frequency_Selective_Surfaces?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==
https://www.researchgate.net/publication/3019333_Multimode_Equivalent_Networks_for_the_Design_and_Analysis_of_Frequency_Selective_Surfaces?el=1_x_8&enrichId=rgreq-4ce84541-2199-409c-adf8-99cd2837ff67&enrichSource=Y292ZXJQYWdlOzI4NjQ5MTIwNztBUzozMDY1ODI2NDUwODQxNjVAMTQ1MDEwNjQwNjk4OQ==


This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

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

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

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

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

��������

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

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

�,�,�,�� �5�(�6�8�/�7�6

�,�Q �W�K�L�V �V�H�F�W�L�R�Q�� �W�K�H �E�H�K�D�Y�L�R�U �R�I �W�K�H �V�W�D�F�N�H�G �¿�V�K�Q�H�W �V�W�U�X�F�W�X�U�H
�R�I �L�Q�W�H�U�H�V�W �L�Q �W�K�L�V �Z�R�U�N �L�V �V�W�X�G�L�H�G �X�Q�G�H�U �W�Z�R �G�L�I�I�H�U�H�Q�W �R�S�H�U��

�D�W�L�R�Q �U�H�J�L�P�H�V�� ���� �W�K�H �³�V�K�R�U�W �S�H�U�L�R�G�´ �U�H�J�L�P�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R
�D �O�R�Q�J�L�W�X�G�L�Q�D�O �S�H�U�L�R�G�O�H�V�V �W�K�D�Q �K�D�O�I �W�K�H �W�U�D�Q�V�Y�H�U�V�H �S�H�U�L�R�G

�� �� �D�Q�G ���� �W�K�H �³�O�R�Q�J �S�H�U�L�R�G�´ �U�H�J�L�P�H
�F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R�� �6�S�H�F�L�D�O �D�W�W�H�Q�W�L�R�Q �L�V �D�O�V�R �S�D�L�G �W�R
�W�K�H �L�P�S�R�U�W�D�Q�F�H �R�I �L�Q�F�R�U�S�R�U�D�W�L�Q�J �W�K�H �V�H�U�L�H�V �D�G�P�L�W�W�D�Q�F�H�W�R �W�K�H
�P�R�G�H�O�²�V�H�H �)�L�J�� �����E���� �,�Q �W�K�H �I�R�O�O�R�Z�L�Q�J�� �W�K�H �H�O�H�F�W�U�R�P�D�J�Q�H�W�L�F �¿�H�O�G
�G�L�V�W�U�L�E�X�W�L�R�Q �L�V �D�Q�D�O�\�]�H�G �D�W �W�K�H �P�R�V�W �U�H�O�H�Y�D�Q�W �I�U�H�T�X�H�Q�F�L�H�V �R�E��
�V�H�U�Y�H�G �L�Q �W�K�H �V�S�H�F�W�U�D �W�R �F�R�U�U�H�O�D�W�H �W�K�H�P �Z�L�W�K �W�K�H �H�T�X�L�Y�D�O�H�Q�W �F�L�U��
�F�X�L�W �H�O�H�P�H�Q�W�V �S�U�H�V�H�Q�W�H�G�L�Q �W�K�H �S�U�H�Y�L�R�X�V �V�H�F�W�L�R�Q�� �,�Q �W�K�L�V �D�Q�D�O�\�V�L�V��
�D�O�O �W�K�H �I�U�H�T�X�H�Q�F�L�H�V �D�U�H �Q�R�U�P�D�O�L�]�H�G �W�R �W�K�H �S�H�U�L�R�G�� �L���H�����L�V �H�[��
�S�U�H�V�V�H�G �L�Q �X�Q�L�W�V �R�I�Z�K�H�U�H�U�H�I�H�U�V �W�R �W�K�H �Z�D�Y�H�O�H�Q�J�W�K �R�I
�W�K�H �¿�U�V�W �5�D�\�O�H�L�J�K���:�R�R�G �D�Q�R�P�D�O�\��

A. Short Longitudinal Period

�7�K�H �V�W�U�X�F�W�X�U�H �D�Q�D�O�\�]�H�G �L�Q �W�K�L�V �D�Q�G �V�X�E�V�H�T�X�H�Q�W �V�H�F�W�L�R�Q�V �L�V
�D �¿�Q�L�W�H �V�W�D�F�N�H�G �¿�V�K�Q�H�W �O�R�V�V�O�H�V�V �V�W�U�X�F�W�X�U�H �F�R�P�S�R�V�H�G �R�I �¿�Y�H
�P�H�W�D�O�O�L�F �V�F�U�H�H�Q�V �V�H�S�D�U�D�W�H�G �E�\ �I�R�X�U �D�L�U���G�L�H�O�H�F�W�U�L�F �O�D�\�H�U�V�� �)�L�U�V�W��
�W�K�H �V�W�U�X�F�W�X�U�H �L�V �Q�X�P�H�U�L�F�D�O�O�\ �D�Q�D�O�\�]�H�G �E�\ �P�H�D�Q�V �R�I �D �I�X�O�O���Z�D�Y�H
�)�O�R�T�X�H�W���P�R�G�H �V�L�P�X�O�D�W�L�R�Q �R�I �D �X�Q�L�W �F�H�O�O �X�V�L�Q�J �W�K�H �V�R�I�W�Z�D�U�H
�&�6�7 �0�L�F�U�R�Z�D�Y�H �6�W�X�G�L�R�� �7�K�H �S�U�H�V�H�Q�W�H�G �Q�X�P�H�U�L�F�D�O �U�H�V�X�O�W�V �F�R�P�H
�D�I�W�H�U �W�K�H �D�G�D�S�W�L�Y�H �P�H�V�K �U�H�¿�Q�H�P�H�Q�W �E�H�W�Z�H�H�Q �W�Z�R �F�R�Q�V�H�F�X�W�L�Y�H
�F�D�O�F�X�O�D�W�L�R�Q�V �R�I �W�K�H �V�F�D�W�W�H�U�L�Q�J �S�D�U�D�P�H�W�H�U�V �V�K�R�Z�V �G�L�I�I�H�U�H�Q�F�H�V
�E�H�O�R�Z ������������

�,�Q �)�L�J�� �����D���� �W�K�H �W�U�D�Q�V�P�L�V�V�L�R�Q �F�R�H�I�¿�F�L�H�Q�W �X�Q�G�H�U �Q�R�U�P�D�O �L�Q�F�L��
�G�H�Q�F�H �I�R�U �W�K�H �V�K�R�U�W �S�H�U�L�R�G �U�H�J�L�P�H�Z�L�W�K �D�L�U �E�H�W�Z�H�H�Q
�W�K�H �S�H�U�I�R�U�D�W�H�G �P�H�W�D�O �V�F�U�H�H�Q�V �L�V �V�K�R�Z�Q�� �7�K�H �G�L�S �D�W�L�V �D�V�V�R��
�F�L�D�W�H�G �Z�L�W�K �W�K�H �¿�U�V�W �5�D�\�O�H�L�J�K���:�R�R�G �D�Q�R�P�D�O�\�� �Z�K�L�F�K �L�V �W�K�H �X�S�S�H�U
�O�L�P�L�W �R�I �W�K�H �V�S�H�F�W�U�D�O �Z�L�Q�G�R�Z �R�I �L�Q�W�H�U�H�V�W ���W�K�H �G�L�I�I�U�D�F�W�L�R�Q �U�H�J�L�P�H
�L�V �E�H�\�R�Q�G �W�K�H �V�F�R�S�H �R�I �W�K�H �S�U�H�V�H�Q�W �Z�R�U�N���� �$ �W�U�D�Q�V�P�L�V�V�L�R�Q �E�D�Q�G
�L�V �F�O�H�D�U�O�\ �R�E�V�H�U�Y�H�G �I�R�U�Z�L�W�K �¿�Y�H �U�H�F�R�J�Q�L�]�D�E�O�H
�S�H�D�N�V ���� �� �� � � � D� Q� G���� �7�K�H �U�H�O�H�Y�D�Q�W �F�R�P�S�R�Q�H�Q�W�V
�D�Q�G �� �L�V �Q�H�J�O�L�J�L�E�O�H�� �R�I �W�K�H �H�O�H�F�W�U�L�F �¿�H�O�G �D�W �W�K�H �S�H�D�N �I�U�H��
�T�X�H�Q�F�L�H�V �D�U�H �S�U�H�V�H�Q�W�H�G �L�Q �)�L�J�� �����D���� �$�W�� �L�V �P�D�L�Q�O�\ �O�R�F�D�W�H�G
�R�Q �W�K�H �R�X�W�H�U �P�H�W�D�O���D�L�U �L�Q�W�H�U�I�D�F�H�V �Z�K�L�O�H�L�V �F�R�Q�¿�Q�H�G �D�W �W�K�H �D�S�H�U��
�W�X�U�H�� �U�H�V�H�P�E�O�L�Q�J �W�K�H �V�R���F�D�O�O�H�G �(�7 �U�H�V�R�Q�D�Q�F�H �L�Q �D �V�L�Q�J�O�H �O�D�\�H�U
�K�R�O�H �D�U�U�D�\ �>�����@�� �>�����@�� �5�H�J�D�U�G�L�Q�J �W�K�H �¿�H�O�G�V �D�W �W�K�H �R�W�K�H�U �S�H�D�N�V

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