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           �'�•�ú�•�N�� �I�L�U�H�N�D�V�O�D�U�G�D�� �N�X�O�O�D�Q�Õ�O�D�Q�� �\�D�N�O�D�ú�Õ�P�O�D�U�� �\�•�N�V�H�N�� �I�U�H�N�D�Q�V�O�D�U�G�D�� �J�H�o�H�U�O�L��
ol�P�D�G�Õ�÷�Õ�Q�G�D�� �D�Q�D�O�L�]�G�H�� �W�D�P-dalga y�|�Q�W�H�P�O�H�U�L�Q�L�Q�� �N�X�O�O�D�Q�Õ�O�P�D�V�Õ�� �E�L�U�� �]�R�U�X�Q�O�X�O�X�N�W�X�U������
�ø�O�H�W�L�P���+�D�W�W�Õ���0�D�W�U�L�V�L���0�R�G�H�O�L�����7�/�0�����E�L�U���W�D�P-dalga analiz yöntemi olup literatürde 
�H�O�H�N�W�U�R�P�D�Q�\�H�W�L�N�� �R�O�D�\�O�D�U�Õ�Q�� �D�Q�D�O�L�]�L�Q�G�H�� �V�Õ�N�O�Õ�N�O�D�� �N�X�O�O�D�Q�Õ�O�P�D�N�W�D�G�Õ�U���� �$�Q�F�D�N�� �E�X��
modelde �V�Õ�Q�Õ�U���ú�D�U�W�O�D�U�Õ�Q�G�D�Q���N�D�\�Q�D�N�O�D�Q�D�Q���\�D�Q�V�Õ�P�D�����D�ú�P�D�����•�V�Wüste binme, bozulma, 
�V�L�Q�\�D�O���E�•�W�•�Q�O�•�÷�•�Q�•�Q���E�R�]�X�O�P�D�V�Õ���J�L�E�L���o�H�ú�L�W�O�L���S�U�R�E�O�H�P�O�H�U���L�O�H���N�D�U�ú�Õ�O�D�ú�Õ�O�P�D�N�W�D�G�Õ�U. Bu 
�o�D�O�Õ�ú�P�D�G�D�� �7�/�0�� �� �\�|�Q�W�H�P�Lnde �V�Õ�Q�Õ�U�� �ú�D�U�W�O�D�U�Õ�Q�Õ�Q�� �N�R�O�D�\�� �X�\�J�X�O�D�Q�D�E�L�O�P�H�V�L�� �L�o�L�Q��
opti�P�L�]�D�V�\�R�Q�� �\�D�S�Õ�O�P�Õ�ú�W�Õ�U���� �� �2�S�W�L�P�L�]�D�V�\�R�Q�X�Q�� �E�D�ú�D�U�Õ�V�Õ�Q�Õ�� �J�|�V�W�H�U�P�H�N�� �L�o�L�Q�G�H�� �|rnek 
olarak �D�Q�D�O�L�]�L�� �G�D�K�D�� �N�R�P�S�O�H�[�� �R�O�D�Q�� �G�D�L�U�H�V�H�O�� �G�D�O�J�D�� �N�O�D�Y�X�V�X�� �N�X�O�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U���� �� �%�X��
�\�D�\�Õ�Q�G�D��X �E�D�Q�G�Õ�Q�G�D������-12 GHz) kul�O�D�Q�Õ�O�D�Q���:�&-�������D�G�O�Õ���G�D�L�U�H�V�H�O���G�D�O�J�D���N�Õ�O�D�Y�X�]�X��
�7�(�� �Y�H�� �7�0�� �P�R�G�X�� �L�o�L�Q�� �D�\�U�Õ�� �D�\�U�Õ, �R�S�W�L�P�L�]�H�� �H�G�L�O�P�L�ú�� �7�/�0�� �\�|�Q�W�H�P�L�� �L�O�H�� �D�Q�D�O�L�]��
�H�G�L�O�P�L�ú�W�L�U����So�Q�X�o�O�D�U�Õ�Q�� �G�R�÷�U�X�O�X�Ju ve sunulan optimizasyon yönteminin ba�ú�D�U�Õ�V�Õ��
�D�\�U�Õ�Q�W�Õ�O�D�U�Õ���L�O�H���V�X�Q�X�O�P�X�ú�W�X�U����
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1.�*�ø�5�ø�ù

�ø�O�H�W�L�P�� �+�D�W�W�Õ�� �0�D�W�U�L�V�L(TLM) yöntemi elektromanyetik dalga analizlerinde 
�R�O�G�X�N�o�D�� �V�Õ�N�� �N�X�O�O�D�Q�Õ�Oan zaman domeni tekniklerinden biridir. TLM yöntemi 
�G�R�÷�U�X�G�D�Q�� �]�D�P�D�Q-�G�R�P�H�Q�L�� �F�H�Y�D�E�Õ�� �Y�H�U�P�H�V�L�Q�H�� �U�D�÷�P�H�Q�� �I�X�U�L�H�U�� �D�Q�D�O�L�]�L�� �\�D�U�G�Õ�P�Õ�� �L�O�H��
�I�U�H�N�D�Q�V���G�R�P�H�Q�L���F�H�Y�D�E�Õ���G�D���N�R�O�D�\�O�Õ�N�O�D���H�O�G�H���H�G�L�O�H���E�L�O�P�H�N�W�H�G�L�U�����7�H�N�Q�L�÷�L�Q���E�X���D�Y�D�Q�W�D�M�Õ��
nedeniyle bir çok problem�L�Q���D�Q�D�O�L�]�L�Q�G�H���N�X�O�O�D�Q�Õ�O�P�D�N�W�D�G�Õ�U1 2.  TLM analizlerinin 
�V�R�U�X�Q�O�D�U�Õs�Õ�Q�Õ�U�� �ú�D�U�W�O�D�U�Õ����simülasyon�V�X�U�H�V�L�� �Y�H�� �J�H�U�H�N�O�L�� �G�R�Q�D�Q�Õ�P(cpu, ram v.b.) 
�L�K�W�L�\�D�F�Õ�G�Õ�U3 . �6�Õ�Q�Õ�U�� �ú�D�U�W�O�D�U�Õ�� �\�•�N�V�H�N�� �I�U�H�N�D�Q�V�O�D�U�G�D�� �\�D�Q�V�Õ�P�D���� �D�ú�P�D���� �V�Õ�Q�Õ�U�O�D�U�G�D��
bozulma�����V�L�Q�\�D�O���E�•�W�•�Q�O�•�÷�•���J�L�E�L���E�L�U���o�R�N���S�U�R�E�O�H�P�L���E�H�U�D�E�H�U�L�Q�G�H���J�H�W�L�U�P�H�N�W�H�G�L�U��Bu 
nedenle �V�Õ�Q�Õ�U�� �ú�D�U�W�O�D�U�Õ�Q�Õ�Q�� �X�\�J�X�O�D�Q�P�D�V�Õ�� �Y�H�� �K�H�V�D�S�O�D�Q�P�D�V�Õ�Q�G�D�� �R�S�W�L�P�L�]�D�V�\�R�Q�O�D�U��
�\�D�S�Õ�Oarak simülasyon�V�•�U�H�V�L�Q�L�Q�� �N�Õ�V�D�� �R�O�P�D�V�Õ�� �Y�H�� �G�D�K�D�� �G�R�÷�U�X�� �V�R�Q�X�o�� �Y�H�U�P�H�V�L��
amaçlanmakt�D�G�Õ�U4

�%�X���o�D�O�Õ�ú�P�D�G�D���V�Õ�Q�Õ�U���ú�D�U�W�O�D�U�Õ�Q�G�D���P�H�\�G�D�Q�D���J�H�O�H�Q���E�R�]�X�O�P�D�O�D�U�Õ���Y�H���\�D�Q�V�Õ�P�D�O�D�U�Õ�Q��
�H�W�N�L�V�L�Q�L�� �\�R�N�� �H�W�P�H�N�� �L�o�L�Q�� �R�S�W�L�P�L�]�D�V�\�R�Q�� �\�D�S�Õ�O�P�Õ�ú�W�Õ�U���� �2�S�W�L�P�L�]�H�� �H�G�L�O�P�L�ú�� �7�/�0��
yön�W�H�P�L�Q�L�Q�� �G�R�÷�U�X�O�X�÷�X�Q�X�� �Y�H�� �K�D�V�V�D�V�L�\�H�W�L�Q�L�� �D�U�D�ú�W�Õ�U�P�D�N�� �L�o�L�Q�� �G�D�L�U�H�V�H�O�� �G�D�O�J�D��
�N�Õ�O�D�Y�X�]�O�D�U�Õ�Q�Õ�Q���W�D�P���G�D�O�J�D���D�Q�D�O�L�]�L �\�D�S�Õ�O�P�Õ�ú�W�Õ�U�����'�D�L�U�H�V�H�O���G�D�O�J�D���N�Õ�O�D�Y�X�]�O�D�U�Õ�Q�G�D���7�(���Y�H��
TM mo�G�X�Q�G�D�� �H�O�H�N�W�U�R�P�D�Q�\�H�W�L�N�� �G�D�O�J�D�O�D�U�� �\�D�\�Õ�O�D�E�L�O�P�H�N�W�H�G�L�U���� �'�D�O�J�D�� �N�Õ�O�D�Y�X�]�O�D�U�Õ��
yüksek geçiren filtre gibi dav�U�D�Q�Õ�U�O�D�U���� �<�D�Q�L�� �E�H�O�L�U�O�L�� �I�U�H�N�D�Q�V�Õ�Q�� �D�O�W�Õ�Q�G�D�N�L�� �L�ú�D�U�H�W�O�H�U�L��
�L�O�H�W�P�H�]�O�H�U���� �%�X�� �D�O�W�� �I�U�H�N�D�Q�V���� �N�H�V�L�P�� �I�U�H�N�D�Q�V�Õ�� ���Ic) o�O�D�U�D�N�� �D�G�O�D�Q�G�Õ�U�Õ�O�Õ�U�� �Y�H�� �G�H�÷�H�U�L����
�N�Õ�O�D�Y�X�]�� �E�R�\�X�W�Oa�U�Õ�Q�D�� �Y�H�� �L�O�H�W�L�O�H�F�H�N�� �P�R�G�D�� �J�|�U�H�� �E�H�O�L�U�O�H�Q�L�U���� �'�D�O�J�D�� �N�Õ�O�D�Y�X�]�O�D�U�Õ�Q�G�D�� �Ic

�N�H�V�L�P�� �I�U�H�N�D�Q�V�Õn�G�D�Q�� �G�D�K�D�� �\�•�N�V�H�N�� �I�U�H�N�D�Q�V�O�Õ�� �H�O�H�N�W�U�R�P�D�Q�\�H�W�L�N�� �G�D�O�J�D�O�D�U�� �L�N�L�� �I�D�U�N�O�Õ��
moda sahip olabilir. Bunlar enine elektrik (TE) ve enine manyetik (TM) 
�P�R�G�O�D�U�Õ�G�Õ�U�����.�Õ�O�D�Y�X�]�G�D�����K�H�U���E�L�U�L���I�D�U�N�O�Õ���P�R�G���N�H�V�L�P���I�U�H�N�D�Q�V�Õ�Q�D���V�D�K�L�S���V�R�Q�V�X�]���V�D�\�Õ�G�D��

                                                          

1 J., J., Jokovic , B., D., Milovanovic , N.,S., Doncov, “TLM Analysis of a Cylindrical Metallic 
Cavity Excited with a Real-Feed Probe, International Journal of RF and Microwave 
Computer-Aided Engineering, 2005
2 Q., Tang, Y., Wang, C., Christopoulos,” Simulation of the Transmission Line Effects  Based on 
TLM Method”, IEEE, 2008
3 M., Panitz, J., Paul, ” A Fractional Boundary Placement Model Using theTransmission-Line 
Modeling (TLM) Method”, IEEE Transactions on Microwave Theory and Techniques, vol. 57, no. 
3, March 2009
4 J. Paul, C. Christopoulos, and D. W. P. Thomas, “Correction to “Timedomain modeling of 
electromagnetic wave interaction with thin-wiresusing TLM”, IEEE Trans. Electromagn. Compat., 
vol. 50, no. 2, pp.450–451, May 2008
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mod �E�X�O�X�Q�X�U���� �$�Q�F�D�N�� �P�R�G�� �N�H�V�L�P�� �I�U�H�N�D�Q�V�Õ�Q�Õ�Q�� �D�O�W�Õ�Q�G�D�� �\�•�N�V�H�N�� �G�H�U�H�F�H�O�L�� �P�R�G�O�D�U��
�R�O�X�ú�P�D�]�����8�\�J�X�O�D�P�D�G�Dgenel�O�L�N�O�H���G�D�O�J�D���N�Õ�O�D�Y�X�]�O�D�U�Õ���W�H�N���E�L�U���P�R�G�X���L�O�H�W�H�F�H�N���ú�H�N�L�O�G�H��
�W�D�V�D�U�O�D�Q�Õ�U�O�D�U�����%�X�Q�X�Q���L�oin 

�G�D�L�U�H�V�H�O�� �G�D�O�J�D�� �N�Õ�O�D�Y�X�]�X�Q�X�Q�� �E�R�\�X�W�O�D�U�Õ�Q�Õ�Q�� �X�\�J�X�Q�� �ú�H�N�L�O�G�H�� �V�H�o�L�O�P�H�V�L�� �Y�H�� �L�O�H�W�L�O�H�F�H�N��
�P�R�G�D���X�\�J�X�Q���E�L�U�� �X�\�D�U�Õ�P���\�D�S�Õ�O�P�D�V�Õ�� �J�H�U�H�N�L�U���� �'�D�L�U�H�V�H�O�� �G�D�O�J�D���N�Õ�O�D�Y�X�]�O�D�U�Õ�Q�Õ�Q���N�H�V�L�P��
�I�U�H�N�D�Q�V�O�D�U�Õ�� �E�D�]�Õ�� �N�D�E�X�O�O�H�U�� �\�D�S�D�U�D�N�� �G�•�ú�•�N�� �I�U�H�N�D�Q�V�O�D�U�� �L�o�L�Q��her ne kadar analitik 
çö�]�•�P�O�H�U�L�� �\�D�S�Õ�O�D�E�L�Ose de �J�•�Q�•�P�•�]�G�H�� �N�X�O�O�D�Q�Õ�O�D�Q��yüksek frekanslarda tam dalga 
�D�Q�D�O�L�]�O�H�U�L�� �\�D�S�Õ�O�P�D�V�Õ�� �J�H�U�H�N�O�L�G�L�U���� �.�X�O�O�D�Q�Õ�O�D�Q�� �\�•�N�V�H�N�� �I�U�H�N�D�Q�V�O�D�U�G�D�� �K�Õ�]�O�Õ�� �Y�H�� �N�H�V�L�Q��
�V�R�Q�X�o���Y�H�U�H�Q���E�L�U���W�H�N�Q�L�÷�L�Q���N�X�O�O�D�Q�Õ�O�P�D�V�Õ���•�U�H�W�L�P���Y�H�U�L�P�O�L�O�L�÷�L�Q�L���D�U�W�W�L�U�D�F�D�N�W�Õ�U�����%�X���D�P�D�o�O�D��
TLM’de optimi�]�D�V�\�R�Q���\�D�S�Õ�O�P�Õ�ú���Y�H���K�Õ�]�O�Õ���Y�H���J�•�Y�H�Q�L�O�L�U���E�L�U���\�|�Q�W�H�P���R�O�X�ú�W�X�U�X�O�P�D�\�D��
�o�D�O�Õ�ú�Õ�O�P�Õ�ú�W�Õ�U�����<�|�Q�W�H�P�L�Q���N�H�V�Ln�O�L�÷�L���Y�H���G�R�÷�U�X�O�X�÷�X�Q�X���J�|�V�W�H�U�P�H�N���L�o�L�Q���E�R�\�X�W�O�D�U�Õ���E�H�O�L�U�O�L��
�E�L�U���G�D�L�U�H�V�H�O���G�D�O�J�D���N�Õ�O�D�Y�X�]�X �|�U�Q�H�N���D�O�Õ�Q�P�Õ�ú�� �E�X���\�|�Q�W�H�P�L�Q���W�•�P���I�U�H�N�D�Q�V�O�D�U�G�D���G�R�÷�U�X��
sonuç�O�D�U���Y�H�U�H�F�H�÷�L���J�|�V�W�H�U�L�O�P�L�ú�W�L�U��

�g�U�Q�H�N���\�D�S�Õ�P�Õ�] �;���E�D�Q�G�Õ�Q�G�D���N�X�O�O�D�Q�Õ�O�D�Q���Y�H���E�D�V�N�Õ�Q���P�R�G�X���������������*�+�]�����\�D�U�Õ�o�D�S�Õ��
11.915mm olan WC-������ �D�G�O�Õ�� �G�D�L�U�H�V�H�O�� �G�D�O�J�D�� �N�Õ�O�D�Y�X�]udur ve tam dalga analizi 
op�W�L�P�L�]�H�� �H�G�L�O�P�L�ú�� �7�/�0�� �\�|�Q�W�H�P�L�� �L�O�H�� �\�D�S�Õ�O�P�Õ�ú�W�Õ�U���� �'�D�L�U�H�V�H�O�� �G�D�O�J�D�� �N�Õ�O�D�Y�X�]�O�D�U�Õ�� ����
bo�\�X�W�O�X�� �\�D�S�Õ�O�D�U�G�Õ�U�� �Y�H�� �N�X�O�O�D�Q�Õ�O�D�Q�� �I�U�H�N�D�Q�V�� �E�D�Q�G�Õ�Q�D�� �J�|�U�H�� �|�O�o�•�O�H�U�L�� �G�H�÷�L�ú�P�H�N�W�H�G�L�U����
Ancak k�Õ�O�D�Y�X�]�G�D���L�O�H�W�L�O�H�E�L�O�H�F�H�N���P�R�G�X�Q���G�H�U�H�F�H�V�L�Q�L���N�Õ�O�D�Y�X�]�X�Q���G�L�N��kesitinin ölçüleri 
belirle�G�L�÷�L���L�o�L�Qiki boyutlu TLM yöntemi �N�X�O�O�D�Q�Õ�O�D�F�D�N�W�Õ�U. Elde edilen sonuçlar ve 
�o�H�ú�L�W�O�L���N�D�E�X�O�O�H�U���L�O�H���o�|�]�•�O�P�•�ú���D�Q�D�O�L�W�L�N���V�R�Q�X�o�O�D�U���N�D�U�ú�Õ�O�D�ú�W�Õ�U�Õ�O�P�Õ�ú�W�Õ�U��

2.�'�$�øRESEL DALGA KILAVUZU

�ù�H�N�L�O ���¶�G�H�� �J�|�U�•�O�H�Q�� �G�D�L�U�H�V�H�O�� �N�H�V�L�W�O�L�� �G�D�O�J�D�� �N�Õ�O�D�Y�X�]�O�D�U�Õ�� �H�O�H�N�W�U�R�P�D�Q�\�H�W�L�N��
dalga�O�D�U�Õ�Q�� �N�X�O�O�D�Q�Õ�P�Õ�Q�Õ�Q�� �D�Ut�P�D�V�Õ�Q�D�� �E�D�÷�O�Õ�� �R�O�D�U�D�N�� �S�H�N�� �o�R�N�� �X�\�J�X�O�D�P�D�G�D��
�N�X�O�O�D�Q�Õ�O�P�D�N�W�D�G�Õ�U���� �� �'�D�L�U�H�V�H�O�� �N�H�V�L�W�O�L�� �V�L�O�L�Q�G�L�U�L�N�� �G�D�O�J�D�� �N�Õ�O�D�Y�X�]�Oa�U�Õ�Q�Õ�Q�� �D�Q�D�O�L�]�O�H�U�L��
silindirik koordinat�O�D�U�G�D�� �\�D�S�Õ�O�P�D�V�Õ�� �.�D�U�W�H�]�\�H�Q�� �N�R�R�U�G�L�Q�D�Wlara göre avantaj 
�V�D�÷�O�D�P�D�N�W�D�G�Õ�U5. Bu nedenle k�D�U�W�H�]�\�H�Q�� �N�R�R�U�G�L�Q�D�W�O�D�U�G�D�� �o�|�]�•�P�•�� �J�H�U�o�H�N�O�H�ú�W�L�U�L�O�H�Q��
maxwell denklemleri silindirik koordinatlarda çözülmesi gerekmektedir.   (1), 

                                                          

5 D., J., Griffiths(Çeviri: E., Bayraktar), “Elektromanyetik Teori”, Gazi Kitabevi, ISBN:
9799758640828, 2005
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���������� ���������� �������� �H�ú�L�W�O�L�N�O�H�U�L�Q�G�H�� �V�L�O�L�Q�G�L�U�L�N�� �N�R�R�U�G�L�Q�Dtlarda maxwell denklemleri 
görülmektedir.

�ù�H�N�L�O��1- �'�D�L�U�H�V�H�O���N�H�V�L�W�O�L���V�L�O�L�Q�G�L�U�L�N���G�D�O�J�D���N�Õ�O�D�Y�X�]�X
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Burada �N�����G�D�O�J�D���Q�X�P�D�U�D�V�Õ�����������I�D�]��sabitini göstermek üzere, kc
2=k2-��2 dir. Silindirik 

koordinatlardaki Maxwell denklemleri, TE ve�7�0���P�R�G���L�o�L�Q���D�\�U�Õ���D�\�U�Õ���o�|�]�•�O�P�H�V�L��
gerekmektedir. Çözüm, Bessel fonksi�\�R�Q�O�D�U�Õ�Q�Õ���Y�H���N�|�N�O�H�U�L�Q�L���L�o�H�U�P�H�N�W�H�G�L�U����

TE mod için , zH �L�I�D�G�H�V�L���������¶�G�H���Y�H�U�L�O�P�L�ú�W�L�U��

�> �@ jBz
cnz ekJnBnAzH ����� ).(.)cos(.)sin(.),,( �U�I�I�I�U           (5)
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TM mod için, zE �L�I�D�G�H�V�L���������¶�G�D���Y�H�U�L�O�P�L�ú�W�L�U��

�> �@ jBz
cnz ekJnBnAzE ����� ).(.)cos(.)sin(.),,( �U�I�I�I�U         (6)

�'�D�L�U�H�V�H�O�� �N�H�V�L�W�O�L�� �V�L�O�L�Q�G�L�U�L�N�� �G�D�O�J�D�� �N�Õ�O�D�Y�X�]�O�D�U�Õ�Q�Õ�Q�� �P�R�G�� �N�H�V�L�P�� �I�U�H�N�D�Q�V�O�D�U�Õ�Q�Õ�Q��
�K�H�V�D�S�O�D�Q�P�D�V�Õ���L�o�L�Q���V�Õ�Q�Õ�U���ú�D�U�W�O�D�U�Õ�Q�Õ�Q���G�R�÷�U�X���X�\�J�X�O�D�Q�P�D�V�Õ���J�H�U�H�N�P�H�N�W�H�G�L�U����

�7�(�� �P�R�G�X�Q�� �G�D�� �V�Õ�Q�Õ�U�� �ú�D�U�W�Õ�� �R�O�D�U�D�N��0),,( � zE �I�U�I ve a� �U �R�O�P�D�O�Õ�G�Õ�U���IE
ifadesi���������H�ú�L�W�O�L�÷�L�Q�G�H���Y�H�U�L�O�P�L�ú�W�L�U��

�U
�Z�P

�I�U�I �w

�w
� z

c

H

k

j
zE .),,(

2
                                                   (7)

�������� �H�ú�L�W�O�L�÷�L�Q�H�� �J�|�U�H���IE �\�H�Q�L�G�H�Q�� �G�•�]�H�Q�O�H�Q�L�U�V�H�� �������� �G�H�N�L�� �J�L�E�L�� �%�H�V�V�H�O�� �I�R�Q�N�V�L�\�R�Q�O�D�U�Õ��

cinsinden ifadesi görülmektedir.

�> �@ jBz
cnc

c

ekJknBnA
k
j

zE ���,��� ).(..)cos(.)sin(.),,(
2

�U�I�I
�Z�P

�I�U�I
     (8)

TE mod için�P�R�G���N�H�V�L�P���I�U�H�N�D�Q�V�Õ, TEcf , , (9)’ daki gibidir.

a
kc

f nr
TEc

'

, .
2�S

�                                                                   (9)

TM modu,�P�R�G���N�H�V�L�P���I�U�H�N�D�Q�V�Õ�Q�Õ�Q���K�H�V�Dp�O�D�Q�P�D�V�Õ���L�o�L�Q���N�Õ�O�D�Y�X�]�G�D���V�Õ�Q�Õ�U���ú�D�U�W�Õ���R�O�D�U�D�N����
� ),,( zEz �I�U 0 ve  0)( � akJ cn �R�O�P�D�O�Õ�G�Õ�U. �6�Õ�Q�Õ�U�� �ú�D�U�W�O�D�U�Õ�� �X�\�J�X�O�D�Q�G�Õ�÷�Õ�Q�G�D��TM 

mod için mod kesim �I�U�H�N�D�Q�V�Õ����TMcf , , (10)’daki gibidir.

a
kc

f nr
TMc .

2, �S
�                                                                 (10)

�������� �Y�H�� ���������� �G�H�Q�N�O�H�P�O�H�U�L�Q�G�H�Q�� �J�|�U�•�O�G�•�÷�•�� �J�L�E�L�� �N�Õ�O�D�Y�X�]�G�D�� �L�O�H�W�L�O�H�E�L�O�H�F�H�N�� �G�D�O�Ja�O�D�U�Õ�Q��
TE ve TM modu,�P�R�G�� �N�H�V�L�P�� �I�U�H�N�D�Q�V�O�D�U�Õ��'

nrk , nrk �L�O�H�� �N�Õ�O�D�Y�X�]�X�Q�� �\�D�U�Õ�o�D�S�Õ�� �L�O�H��

�R�U�D�Q�W�Õ�O�Õ�G�Õ�U�� �6�R�Q�X�o�� �R�O�D�U�D�N�� �N�H�V�L�P�� �I�U�H�N�D�Q�V�O�D�U�Õ�Q�Õ�Q�� �K�H�V�D�E�Õ�� �G�D�O�J�D�� �Q�X�P�D�U�D�O�D�U�Õ�Q�Õ�Q��
hesa�E�Õ�Q�D���E�D�÷�O�Õ�G�Õ�Uve bu hesap yüksek frekanslarda tam dalga analizi gerektirir. 
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3. �ø�/�(�7�ø�0���+�$�7�7�,���0�$�7�5�ø�6���0�2�'�(�/�ø

�ø�O�H�W�L�P���+�D�W�W�Õ�� �0�D�W�U�L�V���0�R�G�H�O�L����Transmisson Line Modeling Method (TLM) ) 
�K�H�P�H�Q���K�H�P�H�Q���K�H�U���W�•�U�O�•���H�O�H�N�W�U�R�P�D�Q�\�H�W�L�N���S�U�R�E�O�H�P�O�H�U�L�Q���o�|�]�•�P�•�Q�G�H���N�X�O�O�D�Q�Õ�O�D�Q���H�Q��
önemli zaman domeni tekniklerinden biridir6. TLM yöntemi temel olarak devre 
�P�D�Q�W�Õ�÷�Õ�Q�D�� �G�D�\�D�Q�P�D�N�W�D�G�Õ�U�� �Y�H�� �•�o�� �Eoyutlu fiziksel �S�U�R�E�O�H�P�� �X�]�D�\�Õ�Q�Õ �o�R�N�� �V�D�\�Õ�G�D��
�N�•�o�•�N���K�•�F�U�H�O�H�U�L�Q���W�R�S�O�D�P�Õ���ú�H�N�O�L�Q�G�H�� �H�O�H���D�O�P�D�N�W�D�G�Õ�U7���� �%�X�� �K�•�F�U�H�O�H�U���\�D�S�Õ�V�D�O���R�O�D�U�D�N��
�|�]�G�H�ú�W�L�U�����+�H�U���E�L�U���K�•�F�U�H���E�L�U���L�O�H�W�L�P���K�D�W�W�Õ���J�L�E�L���G�•�ú�•�Q�•�O�•�U���Y�H���K�•�F�U�H�O�H�U�L�Q���E�L�U���D�U�D�\�D���V�H�U�L��
�Y�H�\�D���S�D�U�D�O�H�O���E�D�÷�O�D�Q�D�U�D�N���L�O�L�ú�N�L�O�H�Q�G�L�U�Llmesi ile çözüme gidilir8�����ø�O�H�W�L�P���K�D�W�O�D�U�Õ�Q�Õ�Q���K�D�W��
�D�N�Õ�P�Õve gerilimleri �F�L�Q�V�L�Q�G�H�Q���K�D�W���G�L�I�H�U�D�Q�V�L�\�H�O���G�H�Q�N�O�H�P�O�H�U�L���o�Õ�N�D�U�Õ�O�D�U�D�N���P�D�[�Z�H�O�O��
�G�H�Q�N�O�H�P�O�H�U�L���L�O�H���H�ú�O�H�ú�W�L�U�L�O�H�U�H�N���P�D�[�Z�H�O�O���G�H�Q�N�O�H�P�O�H�U�L���L�O�H���L�O�H�W�L�P���K�D�W�O�D�U�Õ���G�L�I�H�U�D�Q�V�L�\�H�O��
�G�H�Q�N�O�H�P�O�H�U�L�� �D�U�D�V�Õ�Q�G�D�N�L�� �L�O�L�ú�N�L�� �N�X�U�X�O�P�D�N�W�D�G�Õ�U9. (11),(12)’de iki boyutu TLM 
hücresinin gerilim�Y�H���D�N�Õ�P���E�D�÷�Õ�Q�W�Õ�O�D�U�Õgörülmektedir.

t
Ix

L
x

Vy
�w
�w

��� 
�w

�w
  ,  

t
Iz

L
z

Vy
�w
�w

��� 
�w

�w
                                     (11)
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6 �0�������2�������g�]�\�D�O�o�Õ�Q�����/�������6�H�Y�J�L�����(�������7�R�S�X�]���´���ø�O�H�W�L�P���+�D�W�W�Õ���0�D�W�U�L�V�L���\�|�Q�W�H�P�L���L�O�H���Hk�U�D�Q�O�D�P�D���H�W�N�L�Q�O�L�÷�L���Y�H��
�|�]�J�•�O���V�R�÷�X�U�P�D���R�U�D�Q�Õ���K�H�V�D�E�Õ�´�����ø�7�h�B���0�•�K�H�Q�G�L�V�O�L�N���'�H�U�V�L�J�L�V�����&�L�O�W���������6a�\�Õ�������S�S������-���������ø�V�W�D�Q�E�X�O����������
7 G.E.Mariki and C.Yeh, "Dynamic three- dimensional TLM  analysis  of  microstriplines on 
anisotropic substrate,IEEE Trans. Microwave Theory Tech., vol.MTT-33, p.789-799, Sept. 1998
8 Q., Tang, Y., Wang, C., Christopoulos,” Simulation of the Transmission Line Effects  Based on 
TLM Method”, IEEE, 2008
9 W.J.R.Hoefer, "  The  transmission line matrix (TLM) method  in Numerical Techniques  for 
Microwave  and Millimeter-wave  Passive  Structure,(ed. Tatsuo Itoh),  New  York, Johns Wiley & 
Sons, Inc., 1989 
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�ø�N�L���E�R�\�X�W�O�X���P�D�[�Z�H�O�O���G�H�Q�N�O�H�P�L���\�D�]�Õ�O�Õ�U�V�D��
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(11),(12) ve (13),(14) denklemleri bir�E�L�U�L�Q�H�� �E�H�Q�]�H�G�L�÷�L�� �J�|�U�•�O�P�H�N�W�H�G�L�U����
�������������������� �Y�H�� �������������������� �G�H�Q�N�O�H�P�O�H�U�L�� �D�U�D�V�Õ�Q�G�D�� �J�H�o�L�ú�� �E�D�÷�Õ�Q�W�Õ�O�D�U�Õ�� ����������elde 
edilmektedir.

yy VE �{ , xz IH �{ , zx IH ���{ , L� �P , C2� �H               (15)

�ù�H�N�L�O�����¶���G�H���L�N�L���E�R�\�X�W�O�X���7�/�0���K�•�F�U�H�V�L�Q�H���D�L�W���L�O�H�W�L�P���K�D�W�W�Õ���P�R�G�H�O�L���J�|�U�•�O�P�H�N�Wedir. 

�ù�H�N�L�O��2- �ø�N�L���E�R�\�X�W�O�X���7�/�0���K�•�F�U�H�V�L��[0]
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�7�/�0�� �\�|�Q�W�H�P�L�� �L�O�H�W�L�P�� �K�D�W�W�Õ�� �P�R�G�H�O�O�H�P�H�V�L�Q�H�� �G�D�\�D�Q�G�Õ�÷�Õ�� �L�o�L�Q�� �7�(�� �P�R�G�X�Q�G�D�� �Y�H��
�7�0�� �P�R�G�X�Q�G�D�� �K�•�F�U�H�O�H�U�L�Q�� �E�L�U�� �E�L�U�O�H�U�L�� �L�O�H�� �E�D�÷�O�Dn�W�Õ�O�D�U�Õ�� �I�D�U�N�O�Õ�O�Õ�N�� �J�|�V�W�H�U�L�U. TE modu 
�D�Q�D�O�L�]�L�� �\�D�S�D�E�L�O�P�H�N�� �L�o�L�Q�� �K�•�F�U�H�� �E�D�÷�O�D�Q�W�Õ�O�D�U�Õ�� �V�H�U�L�� �R�Oa�U�D�N�� �\�D�S�Õ�O�Õ�U�N�H�Q�� �7�0�� �P�R�G�X�Q�G�D��
�K�•�F�U�H�O�H�U�� �S�D�U�D�O�H�O�� �E�D�÷�O�D�Q�D�U�D�N�� �G�H�Y�U�H�� �o�|�]�•�P�•�� �J�H�U�o�H�N�O�H�ú�W�L�U�L�O�L�U�� �ø�N�L�� �E�R�\�X�W�O�X�� �7�/M 
�K�•�F�U�H�V�L���G�L�÷�H�U���K�•�F�U�H�O�H�U���L�O�H�� �G�|�U�W���D�G�H�W���E�D�÷�O�D�Q�W�Õ���Q�R�N�W�D�V�Õ���E�X�O�X�Q�P�D�N�W�D�G�Õ�U���� �ø�N�L�� �E�R�\�X�W�O�X��
�7�/�0���K�•�F�U�H�V�L�Q�L�Q���E�R�\�X�W�O�D�U�Õ���' x, �' y dir. �+�•�F�U�H���V�D�\�Õ�V�Õ���L�V�H���1x, Ny �R�O�P�D�N�W�D�G�Õ�U�����+�H�U���E�L�U��
�N�R�O���•�]�H�U�L�Q�G�H�N�L���N�R�O�D���J�H�O�H�Q���J�H�U�L�O�L�P���G�D�U�E�H�O�H�U�L���L�O�H���N�R�O�G�D�Q���\�D�Q�V�Õ�\�D�Q���J�H�U�L�O�L�P���G�D�U�E�H�O�H�U�L��
hesaplanarak problemin çözümüne gidilir.

4.�6�,�1�,�5���ù�$�5�7�/�$�5�,���2�3�7�ø�0�ø�=�$�6�<�2�1�8

�3�U�R�E�O�H�P�� �X�]�D�\�Õ�� �E�H�O�L�U�O�H�Q�G�L�N�W�H�Q�� �V�R�Q�U�D�� �V�Õ�Q�Õ�U�O�D�U�Õ�Q�� �E�H�O�L�U�O�H�Q�P�H�V�L�� �Y�H�� �E�X�� �V�Õ�Q�Õ�U�O�D�U��
içerisinde analizin ger�o�H�N�O�H�ú�W�L�U�L�O�P�H�V�L�� �R�O�G�X�N�o�D�� �|�Q�H�P�� �W�D�ú�Õ�P�D�N�W�D�G�Õ�U��Bu nedenle 
�S�U�R�E�O�H�P�� �X�]�D�\�Õ�Q�G�D�� �L�V�W�H�Q�H�Q�� �\�D�S�Õ�Q�Õ�Q�� �D�Q�D�O�L�]�L�� �\�D�S�Õ�O�P�D�G�D�Q�� �|�Q�F�H�� �D�Q�D�O�L�]�� �\�D�S�Õ�O�D�F�D�N��
�K�•�F�U�H�O�H�U���L�O�H���D�Q�D�O�L�]���\�D�S�Õ�O�D�P�D�\�D�F�D�N���K�•�F�U�H�O�H�U��birbirin�G�H�Q���D�\�U�Õ�O�Õ�U�����$�Q�D�O�L�]���\�D�S�Õ�O�D�F�D�N��
hücrelerin anali�]�G�H�Q�� �|�Q�F�H�� �E�L�U�E�L�U�L�Q�G�H�Q�� �D�\�U�Õ�O�P�D�V�Õ���� �D�Q�D�O�L�]�� �V�•�U�H�V�L�Q�L�� �R�O�G�X�N�o�D��
�N�Õ�V�D�Otmakta ve i�ú�O�H�P�O�H�U�L���N�R�O�D�\�O�D�ú�W�Õ�U�P�D�N�W�D�G�Õ�U����

�%�X�� �D�P�D�o�O�D�� �S�U�R�E�O�H�P�� �X�]�D�\�Õ�Q�G�D�� �D�Q�D�O�L�]�� �\�D�S�Õ�O�D�F�D�N���\�D�S�Õ�� �L�V�W�H�Q�H�Q�� �K�•�F�U�H���V�D�\�Õ�V�Õ�Q�D��
bölündükten sonra ana�O�L�]�H���E�D�ú�O�D�Q�P�D�G�D�Q���|�Q�F�H���\�D�S�Õ���L�o�H�U�L�V�L�Q�G�H���N�D�O�D�Q���K�•�F�U�H�O�H�U�H���³���´��
�\�D�S�Õ�� �G�Õ�ú�D�U�Õ�V�Õ�Q�G�D�� �N�D�O�D�Q�� �K�•�F�U�H�O�H�U�H�� �³���´�� �G�H�÷�H�U�L�� �Y�H�U�L�O�L�U���� �%�|�\�O�H�F�H�� �D�V�O�Õ�Q�G�D�� �S�U�R�E�O�H�P��
�X�]�D�\�Õ�Q�G�D �\�D�S�Õ �W�D�Q�Õ�P�O�D�Q�P�Õ�ú�� �R�O�X�U���� �'�D�K�D���V�R�Q�U�D���D�Q�D�O�L�]�� �V�Õ�U�D�V�Õ�Q�G�D���V�D�G�H�F�H�� �K�•�F�U�H�O�H�U�L�Q��
�³���´�� �R�O�X�S�� �R�O�P�D�G�Õ�÷�Õ�Q�D�� �E�D�N�Õ�O�D�U�D�N�� �V�Õ�Q�Õ�U�D�� �J�H�O�L�Q�L�S�� �J�H�O�L�Q�P�H�G�L�÷�L�� �W�D�N�L�S�� �H�G�L�O�L�U���� �6�Õ�Q�Õ�U�D��
ge�O�L�Q�G�L�÷�L�Q�G�H���E�D�÷�O�D�Q�W�Õ���G�H�Q�N�O�H�P�O�H�U�L���G�H�Y�U�H�\�H���D�O�Õ�Q�D�U�D�N���D�Q�D�O�L�]���W�D�P�D�P�O�D�Q�Õ�U. �ù�H�N�L�O�����¶�G�H��
2 boyutlu TLM hüçresinin ba�÷�O�D�Q�W�Õ�O�D�U�Õ���J�|rülmektedir.
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�ù�H�N�L�O����- �ø�N�L���E�R�\�X�W�O�X���7�/�0���K�•�F�U�H�O�H�U�L�Q�L�Q���E�D�÷�O�D�Q�W�Õ�O�D�U�Õ

�%�X�� �o�D�O�Õ�ú�P�D�G�D�� �V�X�Q�X�O�D�Q�� �R�S�W�L�P�L�]�H�� �H�G�L�O�P�L�ú�� �ø�N�L�� �E�R�\�X�W�O�X�� �7�/�0�� �D�Q�D�O�L�]�L�Q�G�H��
mü�N�H�P�P�H�O�� �L�O�H�W�N�H�Q�� �L�O�H�� �N�D�S�O�D�Q�P�Õ�ú�� �V�Õ�Q�Õ�U�G�D�� �J�H�o�L�úifadeleri (16) ve (17)’ de
ve�U�L�O�P�L�ú�W�L�U��

(16)

(17)
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5.�6�ø�0�8�/�$�6�<�2�1

�<�D�S�Õ�O�D�Q�� �R�S�W�L�P�L�]�D�V�\�R�Q�X�Q��d�R�÷�U�X�� �V�R�Q�X�o�O�D�U�� �Y�H�U�G�L�÷�L�Q�L�� �V�Õ�Q�D�P�D�N�� �L�o�L�Q �\�D�U�Õ�o�D�S�Õ��
11.915mm olan WC-������ �D�G�O�Õ�� �G�D�L�U�H�V�H�O�� �N�H�V�L�W�O�L�� �V�L�O�L�Q�G�L�U�L�N�� �G�D�O�J�D�� �N�Õ�O�D�Y�X�]u 
�N�X�O�O�D�Q�Õl�P�Õ�ú�W�Õ�U�����.�Õ�O�D�Y�X�]�X�Q��TE ve TM mod analizi için dairesel �\�D�S�Õ�Q�Õ�Q��hücrelere 
bölünmesi�Y�H���\�D�S�Õ�Q�Õ�Q���V�Õ�Q�Õ�U���ú�D�U�W�O�D�U�Õ�Q�Õ�Q���R�O�X�ú�W�X�U�X�O�P�D�V�Õ���J�H�U�H�N�P�H�N�W�H�G�L�U10 11. Problem 
�X�]�D�\�Õ��hücre boyutu �' x=�' y olmak üzere �����[�������K�•�F�U�H�\�H���D�\�U�Õl�P�Õ�ú�W�Õ�U��

�ù�H�N�L�O��4- �7�/�0���3�U�R�E�O�H�P���8�]�D�\�Õ

                                                          

10 �(�U�R�O���<�������%�D�O�Õ�N���+�����+�������'�D�L�U�H�V�H�O���'�D�O�J�D���.�Õ�O�D�Y�X�]�O�D�U�Õ�Q�Õ�Q�������%�R�\�X�W�O�X���)�'�7�'���<�|�Q�W�H�P�L���ø�O�H���0�R�G�H�O�O�Hnmesi, 
3. URSI-�7�h�5�.�ø�<�( �����������%�ø�/�ø�0�6�(�/���.�2�1�*�5�(�6�ø�����+�D�F�H�W�W�H�S�H���h�Q�L�Y�Hrsitesi, Ankara, 6-8 Eylül 200
11 Benson, F.A., Benson, T.M., 1991, Fields, Waves and Transmission Lines, USA.
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�3�U�R�E�O�H�P���X�]�D�\�Õ���E�H�O�L�U�O�H�Q�G�L�N�W�H�Q���V�R�Q�U�D�����ù�H�N�L�O�����¶���G�H�N�L���J�L�E�L���G�D�L�U�H�Q�L�Q���V�Õ�Q�Õ�U�O�D�U�Õ�Q�Õ�Q��
�W�D�Q�Õ�P�O�D�Q�P�D�V�Õ�� �Jerekmektedir. Bu amaçla dairenin �o�D�S�Õ�� �5� ����.�' x seçilerek 
prob�O�H�P�� �X�]�D�\�Õ�Q�Õ�Q�� �L�o�H�U�L�V�L�Q�G�H�� �N�D�O�P�D�V�Õ�� �V�D�÷�O�D�Q�P�Õ�ú�W�Õ�U���� �$�Q�D�O�L�]�� �V�Õ�U�D�V�Õ�Q�G�D�� �G�D�L�U�H�Q�L�Q��
�V�Õ�Q�Õ�U�O�D�U�Õ��içerisinde kalan alanlar �ù�H�N�L�O�� ���¶�G�H�N�L�� �J�L�E�L�� �³���´�� �L�O�H�� �G�R�O�G�X�U�X�O�P�X�ú�� �V�Õ�Q�Õ�U�O�D�U�Õ��
�G�Õ�ú�Õ�Q�G�D�� �N�D�O�D�Q�� �D�O�D�Q�O�D�U�� �³���´�� �G�H�÷�H�U�L�� �L�O�H�� �G�R�O�G�X�U�X�O�P�X�ú�W�X�U���� �%�|�\�O�H�F�H�� �Vimülasyon 
�V�Õ�U�D�V�Õ�Q�G�D���D�Q�D�O�L�]���\�D�S�Õ�O�D�F�D�N���K�•�F�U�H�O�H�U�L�Q���W�H�V�S�L�W�L���N�R�O�D�\�O�D�ú�P�Õ�ú�W�Õ�U����

�ù�H�N�L�O��5 -�3�U�R�E�O�H�P���X�]�D�\�Õ���V�Õ�Q�Õ�U�O�D�U�Õ�Q�Õ�Q���W�H�V�S�L�W�L

�6�Õ�Q�Õ�U�G�D���P�•�N�H�P�P�H�O���L�O�H�W�N�H�Q���W�D�E�D�N�D���L�O�H���N�D�S�O�D�Q�P�Õ�ú���J�L�E�L���V�L�P�•�O�D�V�\�R�Q���\�D�S�Õ�O�P�Õ�ú�W�Õ�U����
Simülasyonun sadece dairesel kesitin içeri�V�L�Q�G�H���\�D�S�Õ�O�D�E�L�O�P�H�V�L���L�o�L�Q���\�D�S�Õ�Q�Õ�Q���V�Õ�Q�Õ�U��
�ú�D�U�W�O�D�U�Õ�Q�Õ�Q���W�H�V�S�L�Wedilmesi oldukça önem ta�ú�Õ�P�D�N�Wa�G�Õ�U���� �<�D�S�Õ�Q�Õ�Q�� �V�Õ�Q�Õ�U�O�D�U�Õ�Q�G�D�� �W�D�P��
�\�D�Q�V�Õ�P�D�Q�Õ�Q���V�D�÷�O�D�Q�P�D�V�Õ�� �L�o�L�Q���V�Õ�Q�Õ�Uhücrelere gelen gerilim darbe�O�H�U�L���L�O�H���\�D�Q�V�Õ�\�D�Q��
�J�H�U�L�O�L�P���G�D�U�E�H�O�H�U�L���D�U�D�V�Õ�Q�G�Doptimum bir�L�O�L�ú�N�L���N�X�U�Xl�P�X�ú�Wur.

�$�Q�D�O�L�]���V�Õ�U�D�V�Õ�Q�G�D���N�D�\�Q�D�N���R�O�D�U�D�N���G�•�ú�•�N���Y�H���\�•�N�V�H�N���I�U�H�N�D�Q�V���E�D�Q�G�Õ�Q�D���V�D�K�L�S��gaus 
d�D�U�E�H�V�L�� �N�X�O�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U. �.�D�\�Q�D�N�� �R�O�D�U�D�N�� �J�D�X�V�� �G�D�U�E�H�V�L�Q�L�Q�� �N�X�O�O�D�Q�Õ�O�P�D�V�Õ���� �Galga 
�N�Õ�Oa�Y�X�]�X�Q�X�Q���G�•�ú�•�N�� �Y�H�� �\�•�N�V�H�N�� �I�U�H�N�D�Q�V�O�D�U�G�D�N�L�� �G�Dv�U�D�Q�Õ�ú�Õ�� �K�D�N�N�Õ�Q�G�D���R�O�G�X�N�o�D���J�H�Q�L�ú��
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�E�L�O�J�L�� �V�D�÷�O�D�P�D�N�W�D�G�Õ�U��(18)’ da gaus darbesinin fonksiyonu görülmektedir ve
ifadede ki T�����J�D�X�V���G�D�U�E�H�V�L�Q�L�Q���J�H�Q�L�ú�O�L�÷�L�Q�L���W�D�Q�Õ�P�O�D�P�Dk�W�D�G�Õ�U��

2

2)(

)( T

tt o

etf
��

��
�                                                                    (18)

�*�D�X�V�V�� �G�D�U�E�H�V�L�Q�L�Q�� �E�D�Q�W�� �J�H�Q�L�ú�O�L�÷�L���� �X�\�J�X�O�D�Q�P�Dsüresine b�D�÷�O�Õ�G�Õ�U. Bu nedenle 
analiz edilecek en yüksek frekans için uygun darbe süresi s�H�o�L�O�P�L�ú�W�L�U. �<�D�S�Õ�O�D�Q���E�X��
�o�D�O�Õ�ú�P�D�G�D���H�Q���\�•�N�V�H�N���I�U�H�N�D�Q�V���E�L�O�H�ú�H�Q�L���L�O�H���G�D�U�E�H���V�•�U�H�V�L���D�U�D�V�Õ�Q�G�D�N�L���E�D�÷�Õ�Q�W�Õ������9) deki 
gibi seçil�P�L�útir. 

T
f

66.0
max �                                                                        (19)

Darbe süresi maksimum frekansa göre aya�U�O�D�Q�P�Õ�ú�� �*�D�X�V�V�� �G�D�U�E�H�V�L��
�N�X�O�O�D�Q�Õl�P�Õ�ú�W�Õ�U�����*�D�X�V�V���G�D�U�E�H�V�L���N�Õ�O�D�Y�X�]���L�o�H�Ui�V�L�Q�G�H���E�L�U���Q�R�N�W�D�\�D���X�\�J�X�O�D�Q�Õ�U���Y�H���J�|�]�O�H�P��
�Q�R�N�W�D�V�Õ�� �R�O�D�U�D�N�� �V�H�o�L�O�H�Q�� �E�D�ú�N�D�� �E�L�U�� �Q�R�N�W�D�G�D�Q�� �L�O�J�L�O�H�Q�L�O�H�Q�� �D�O�D�Q�� �E�L�O�H�ú�H�Q�L�� �G�H�÷�H�U�O�H�U�L��
simülasyon sü�U�H�V�L���E�R�\�X�Q�F�D���N�D�\�G�H�G�L�O�P�L�ú�W�L�U.

       �6�L�P�•�O�D�V�\�R�Q�X�Q�D�� �D�L�W�� �S�D�U�D�P�H�W�U�H�O�H�U���� �*�D�X�V�V�� �G�D�U�E�H�V�L�Q�L�Q�� �J�H�Q�L�ú�O�L�÷�L�� ������ �S�V, 
�û�[� �û�\� 0,3309 �P�P���� �û�W� 0,7667 ps ve simülasyon süresi 10000�û�W���� �N�D�\�Q�D�÷�Õ�Q��
�X�\�J�X�O�D�Q�G�Õ�÷�Õ���K�•�F�U�H�����[���\��� �������������������J�|�]�O�H�P���Q�R�N�W�D�V�Õ�����[���\��� ����������4) dür. 

         �ù�H�N�L�O�� ���� �Y�H�� ���¶�G�H��TE ve TM modu�G�D�O�J�D�� �\�D�\�Õ�O�Õ�P�O�D�U�Õ�Q�Õ�Q�� �]�D�P�D�Q�D�� �E�D�÷�O�Õ��
�G�H�÷i�ú�L�P�O�H�U�L�� �J�|�U�•�O�P�H�N�W�H�G�L�U���� �'�D�L�U�H�V�H�O�� �G�D�O�J�D�� �N�Õ�O�D�Y�X�]�X�Q�X�Q�� �J�|�]�O�H�P�� �Q�R�N�W�D�V�Õ�Q�G�D�Q��
(64,64) �|�U�Q�H�N�O�H�U�� �D�O�Õ�Q�P�Õ�ú�W�Õ�U���� �'�D�K�D�� �V�R�Q�U�D�� �D�O�Õ�Q�D�Q�� �|�U�Q�Hk�O�H�U�L�Q�� �K�Õ�]�O�Õ�� �I�X�U�L�H�U��
�G�|�Q�•�ú�•�P�•���)�)�7���� �\�D�U�G�Õ�P�Õ�\�O�D�� �G�D�O�J�D�� �N�Õ�O�D�Y�X�]�X�Q�X�Q�� �I�U�H�N�D�Q�V�� �Fe�Y�D�E�Õ�� �H�O�G�H�� �H�G�L�O�P�L�ú�W�L�U������
�ù�H�N�L�O7 ve 9’ da TE ve TM modu �L�o�L�Q���H�O�G�H���H�G�L�O�H�Q���I�U�H�N�D�Q�V���F�H�Y�D�S�O�D�U�Õ���Jörülmektedir. 
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�ù�H�N�L�O��6- Analiz sonucu�7�(���0�R�G���'�D�O�J�D���<�D�\�Õ�O�Õ�P�Õ�Q�Õ�Q���]�D�P�D�Q�D���E�D�÷�O�Õ���G�H�÷�L�ú�L�P�L

���3�U�R�E�O�H�P���8�]�D�\�Õ�������[������
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�ù�H�N�L�O��7 -WC-94 Dairesel�'�D�O�J�D���.�Õ�O�D�Y�X�]�X���7�(���0�R�G���)�U�H�N�D�Q�V���&e�Y�D�E�Õ
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�ù�H�N�L�O��8- Analiz sonucu TM Mod�'�D�O�J�D���<�D�\�Õ�O�Õ�P�Õ �]�D�P�D�Q�D���E�D�÷�O�Õ���Ge�÷�L�ú�L�P�L

���3�U�R�E�O�H�P���8�]�D�\�Õ�������[������
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�ù�H�N�L�O��9 -WC-94  Dairesel�'�D�O�J�D���.�Õ�O�D�Y�X�]�X���7�0���0�R�G���)�U�H�N�D�Q�V���&�H�Y�D�E�Õ
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6.SONUÇ

Bu �o�D�O�Õ�ú�P�D�G�D�� �G�D�L�U�H�V�H�O �G�D�O�J�D�� �N�Õ�O�D�Y�X�]�X�Q�X�Q�� �R�S�W�L�P�L�]�H�� �H�G�L�O�P�L�ú�� �ø�O�H�W�L�P�� �+�D�W�W�Õ��
Matris Modeli ile tam dalga analizi �J�H�U�o�H�N�O�H�ú�W�L�U�L�O�P�L�ú�W�L�U���� �'�•�ú�•�N�� �I�U�H�N�D�Q�V�O�D�U�G�D
analitik çözümler �\�D�S�Õ�O�Õ�U�N�H�Q���E�D�]�Õ���N�D�E�X�O�O�H�U���\�D�S�Õ�O�P�D�N�Wa�G�Õ�U�����)�U�H�N�D�Q�V���\�•�N�V�H�O�G�L�N�o�H���E�X��
�N�D�E�X�O�O�H�U���\�D�S�Õ�O�D�P�Dmak�W�D���Y�H���D�Q�D�O�L�W�L�N���o�|�]�•�P���L�P�N�D�Q�V�Õ�]���K�D�O�H���J�H�O�P�H�N�W�H�G�L�U��  Optimize 
�H�G�L�O�P�L�ú�� �ø�O�H�W�L�P�� �+�D�W�W�Õ�� �0�D�W�U�L�V�� �0�R�G�H�O�L�� �V�D�\�Õ�V�D�O�� �o�|�]�•�P�O�H�P�H�� �L�O�H�� �W�D�P�� �G�D�O�J�D�� �D�Q�D�O�L�]�L��
ger�o�H�N�O�H�ú�W�L�U�G�L�÷�L�� �L�o�L�Q�� �W�•�P�� �I�U�H�N�D�Q�V�O�D�U�G�D�� �Y�H�� �W�•�P�� �E�R�\�X�W�O�D�U�G�D�� �G�D�O�J�D�� �N�Õ�O�D�Y�X�]�X��
�D�Q�D�O�L�]�L�Q�G�H���N�X�O�O�D�Q�Õ�O�D�E�L�O�H�F�H�÷�L���J�|�V�W�H�U�L�O�P�L�ú�W�L�U���������%�X��amaçla pratikte�N�X�O�O�D�Q�Õ�O�D�Q��WC-94 
�G�D�L�U�H�V�H�O�� �N�H�V�L�W�O�L�� �G�D�O�J�D�� �N�Õ�O�D�Y�X�]�X �D�Q�D�O�L�]�� �H�G�L�O�P�L�ú�W�L�U���� �:�&-94 dairesel kesitli dalga 
�N�Õ�O�D�Y�X�]�X�Q�X�QTE ve TM mod analizi sonucu Tablo1 ve Tablo2 deki sonuçlar elde 
�G�L�O�P�L�ú�W�L�U�����(�O�G�H���H�G�L�O�H�Q���V�R�Q�X�o�O�D�U���L�Q�F�H�O�H�Q�G�L�÷�L�Q�G�H���R�S�W�L�P�L�]�H���H�G�L�O�P�L�ú���7�/�0��yöntemi ile 
�\�D�S�Õ�O�D�Q�� �D�Q�D�O�L�]�O�H�U�G�H���V�Õ�Q�Õ�U���ú�D�U�W�Oa�U�Õ�Q�Õ�Q�� �N�R�O�D�\�F�D�� �X�\�J�X�O�D�Q�G�Õ�÷�Õ���� �K�D�W�D�� �R�U�D�Q�Õ�Q�Õ�Q���R�O�G�X�N�o�D��
�G�•�ú�•�N���R�O�G�X�÷�X �Y�H���W�•�P���I�U�H�N�D�Q�V�O�D�U�D���U�D�K�D�W�O�Õ�N�O�D���X�\�J�X�Oa�Q�D�E�L�O�H�F�H�÷�L �J�|�V�W�H�U�L�O�P�L�ú�W�L�U��
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