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Sažetak
�P�r�e�d�s�t�a�v�l�j�a�m�o� �s�v�e�o�b�u�h�v�a�t�n�u� �a�n�a�l�i�z�u� �e�l�e�k�t�r�o�m�a�g�n�e�t�n�e� �r�a�n�j�i�v�o�s�t�i� �a�u�d�i�o� �k�a�b�l�o�v�a� �s� �o�p�t�i�
�k�i�m� �v�l�a�k�n�i�m�a� �(�T�O�S�L�I�N�K�)� �i� �p�o�k�a�z�u�j�e�m�o� �d�a� �o�p�t�i�
�k�i
�p�r�i�j�e�n�o�s� �n�e� �e�l�i�m�i�n�i�r�a� �m�a�g�n�e�t�n�u� �o�s�j�e�t�l�j�i�v�o�s�t�.� �M�j�e�r�e�n�j�a� �F�a�r�a�d�a�y�e�v�e� �r�o�t�a�c�i�j�e� �u� �s�t�a�n�d�a�r�d�n�o�m� �T�O�S�L�I�N�K� �v�l�a�k�n�u� �(�P�M�M�A�,� �6�5�0� �n�m�)� �p�o�t�v�r���u�j�u� �d�a
�k�u���n�i� �i�z�v�o�r�i� �E�M�I�-�j�a� �p�r�o�i�z�v�o�d�e� �r�o�t�a�c�i�j�u� �p�o�l�a�r�i�z�a�c�i�j�e� �d�o� �0�,�3� �m�r�a�d�,� �k�o�j�a� �s�e� �v�e�z�u�j�e� �n�a� �a�m�p�l�i�t�u�d�n�i� �š�u�m� �n�a� �d�e�t�e�k�t�o�r�i�m�a� �o�s�j�e�t�l�j�i�v�i�m� �n�a� �p�o�l�a�r�i�z�a�c�i�j�u�.
�N�a�d�a�l�j�e� �p�o�k�a�z�u�j�e�m�o� �d�a� �P�M�M�A� �v�l�a�k�n�o� �f�u�n�k�c�i�o�n�i�r�a� �k�a�o� �a�k�u�s�t�i�
�k�i� �m�i�k�r�o�f�o�n� �u� �o�p�s�e�g�u� �o�d� �2�0� �H�z� �d�o� �2�0� �k�H�z�,� �s� �o�s�j�e�t�l�j�i�v�o�š���u� �o�d� �-�8�2� �d�B�V�/�P�a�.� �N�a
�o�s�n�o�v�u� �o�v�i�h� �n�a�l�a�z�a� �r�a�z�v�i�j�a�m�o� �s�i�s�t�e�m� �o�k�l�a�p�a�n�j�a� �s� �o�p�t�i�
�k�i�m� �v�l�a�k�n�o�m� �z�a� �b�a�k�a�r�n�e� �a�u�d�i�o� �k�a�b�l�o�v�e� �k�o�j�i� �o�b�e�z�b�j�e���u�j�e� �E�M�I� �p�r�i�g�u�š�e�n�j�e� �v�e���e� �o�d� �1�2�0
�d�B�,� �p�r�i� �
�e�m�u� �i�z�b�j�e�g�a�v�a� �i�n�t�r�i�n�z�i�
�n�e� �r�a�n�j�i�v�o�s�t�i� �o�p�t�i�
�k�o�g� �p�r�i�j�e�n�o�s�a� �s�i�g�n�a�l�a�.

1. UVOD

�A�u�d�i�o� �i�n�d�u�s�t�r�i�j�a� �v�e��� �d�u�g�o� �z�a�g�o�v�a�r�a� �o�p�t�i�
�k�e� �(�T�O�S�L�I�N�K�)� �p�r�i�k�l�j�u�
�k�e� �k�a�o� �i�m�u�n�e� �n�a� �e�l�e�k�t�r�o�m�a�g�n�e�t�n�e� �s�m�e�t�n�j�e�.� �R�a�z�l�o�g� �j�e� �p�r�i�v�l�a�
�a�n�:
�f�o�t�o�n�i� �n�e� �n�o�s�e� �n�a�b�o�j�,� �p�a� �s�t�o�g�a� �n�e� �m�o�g�u� �b�i�t�i� �p�o�g�o���e�n�i� �e�l�e�k�t�r�o�m�a�g�n�e�t�n�i�m� �p�o�l�j�i�m�a�.� �S�i�g�n�a�l� �p�u�t�u�j�e� �k�a�o� �s�v�j�e�t�l�o�s�t� �k�r�o�z� �s�t�a�k�l�o� �i�l�i� �p�l�a�s�t�i�k�u�,
�i�z�o�l�i�r�a�n� �s�a�m�o�m� �f�i�z�i�k�o�m� �e�l�e�k�t�r�o�m�a�g�n�e�t�i�z�m�a� �o�d� �e�l�e�k�t�r�i�
�n�o�g� �š�u�m�a� �k�o�j�i� �m�u�
�i� �b�a�k�r�e�n�e� �v�e�z�e�.

Ovo razmišljanje je pogrešno.

Godine 1845. Michael Faraday je pokazao da magnetno polje može rotirati ravan polarizacije svjetlosti koja prolazi kroz staklo. Ovaj
�F�a�r�a�d�a�y�e�v� �e�f�e�k�a�t� �p�r�o�u�
�a�v�a�n� �j�e� �u� �o�p�t�i�
�k�i�m� �v�l�a�k�n�i�m�a� �j�o�š� �o�d� �k�l�j�u�
�n�o�g� �r�a�d�a� �S�t�o�l�e�n�a� �i� �T�u�r�n�e�r�a� �i�z� �1�9�8�0�.� �g�o�d�i�n�e�.� �V�e�r�d�e�t�o�v�a� �k�o�n�s�t�a�n�t�a
�s�i�l�i�c�i�j�u�m�s�k�o�g� �v�l�a�k�n�a� �-�-� �k�o�n�s�t�a�n�t�a� �p�r�o�p�o�r�c�i�o�n�a�l�n�o�s�t�i� �i�z�m�e���u� �j�a�
�i�n�e� �m�a�g�n�e�t�n�o�g� �p�o�l�j�a� �i� �r�o�t�a�c�i�j�e� �p�o�l�a�r�i�z�a�c�i�j�e� �-�-� �i�z�n�o�s�i� �p�r�i�b�l�i�ž�n�o� �1
�r�a�d�/�(�T�*�m�)� �n�a� �1�0�6�4� �n�m�.� �N�a� �T�O�S�L�I�N�K�-�o�v�o�j� �r�a�d�n�o�j� �t�a�l�a�s�n�o�j� �d�u�ž�i�n�i� �o�d� �6�5�0� �n�m�,� �V�e�r�d�e�t�o�v�a� �k�o�n�s�t�a�n�t�a� �j�e� �j�o�š� �v�e���a�,� �k�a�o� �š�t�o� �s�u� �R�o�s�e�,� �E�t�z�e�l
i Wang (1997.) pokazali u svojim mjerenjima disperzije.

�N�a�d�a�l�j�e�,� �L�e�a�l�-�J�u�n�i�o�r� �i� �s�a�r�a�d�n�i�c�i� �(�2�0�2�1�.�)� �p�o�k�a�z�a�l�i� �s�u� �d�a� �j�e� �p�o�l�i�m�e�r�n�o� �o�p�t�i�
�k�o� �v�l�a�k�n�o� �(�P�M�M�A�)� �-�-� �i�s�t�i� �m�a�t�e�r�i�j�a�l� �k�o�j�i� �s�e� �k�o�r�i�s�t�i� �u� �T�O�S�L�I�N�K
�k�a�b�l�o�v�i�m�a� �-�-� �i�n�t�r�i�n�z�i�
�n�o� �o�s�j�e�t�l�j�i�v�o� �n�a� �e�l�e�k�t�r�o�m�a�g�n�e�t�n�a� �p�o�l�j�a� �s�v�e� �d�o� �4�5� �m�i�k�r�o�t�e�s�l�i� �b�e�z� �i�k�a�k�v�o�g� �v�a�n�j�s�k�o�g� �p�r�e�t�v�a�r�a�
�a�.� �A� �D�e�j�d�a�r� �i
�s�a�r�a�d�n�i�c�i� �(�2�0�2�3�.�)� �o�k�a�r�a�k�t�e�r�i�s�a�l�i� �s�u� �k�a�b�l�o�v�e� �s� �o�p�t�i�
�k�i�m� �v�l�a�k�n�i�m�a� �k�a�o� �a�k�u�s�t�i�
�k�e� �s�e�n�z�o�r�e� �u� �c�i�j�e�l�o�m� �
�u�j�n�o�m� �o�p�s�e�g�u�.

�Z�a�k�l�j�u�
�a�k� �j�e� �n�e�i�z�b�j�e�ž�a�n�:� �T�O�S�L�I�N�K� �k�a�b�l�o�v�i� �n�i�s�u� �e�l�e�k�t�r�o�m�a�g�n�e�t�n�o� �i�l�i� �a�k�u�s�t�i�
�k�i� �i�n�e�r�t�n�i�.� �P�i�t�a�n�j�e� �j�e� �d�a� �l�i� �s�u� �o�v�e� �o�s�j�e�t�l�j�i�v�o�s�t�i� �d�o�v�o�l�j�n�o
�v�e�l�i�k�e� �d�a� �u�t�i�
�u� �n�a� �k�v�a�l�i�t�e�t� �z�v�u�k�a� �-�-� �i� �š�t�a� �s�e� �m�o�ž�e� �u�
�i�n�i�t�i� �u� �v�e�z�i� �s� �t�i�m�.

2. MJERENJA

�M�j�e�r�i�l�i� �s�m�o� �F�a�r�a�d�a�y�e�v�u� �r�o�t�a�c�i�j�u� �i� �a�k�u�s�t�i�
�k�u� �o�s�j�e�t�l�j�i�v�o�s�t� �
�e�t�i�r�i� �k�o�m�e�r�c�i�j�a�l�n�a� �T�O�S�L�I�N�K� �k�a�b�l�a� �i� �j�e�d�n�o�g� �E�q�u�a�t�o�r�i�a�l� �A�u�d�i�o� �o�k�l�o�p�l�j�e�n�o�g
TOSLINK kabla.

�F�a�r�a�d�a�y�e�v�a� �r�o�t�a�c�i�j�a� �j�e� �m�j�e�r�e�n�a� �p�o�m�o���u� �H�e�N�e� �l�a�s�e�r�a� �(�6�3�2�,�8� �n�m�)� �s�p�r�e�g�n�u�t�o�g� �s� �v�l�a�k�n�o�m�,� �s�a� �a�n�a�l�i�z�o�m� �p�o�l�a�r�i�z�a�c�i�j�e� �n�a� �i�z�l�a�z�u� �p�o�m�o���u
Thorlabs PAX1000VIS/M polarimetra. Kalibrisana Helmholtzova zavojnica proizvodila je kontrolisana magnetna polja od 10 uT do 1
mT na frekvencijama od DC do 1 kHz.

�A�k�u�s�t�i�
�k�a� �o�s�j�e�t�l�j�i�v�o�s�t� �j�e� �m�j�e�r�e�n�a� �u� �b�e�z�e�h�o�e�n�o�j� �k�o�m�o�r�i� �p�o�m�o���u� �k�a�l�i�b�r�i�s�a�n�o�g� �z�v�u�
�n�i�k�a� �(�B�&�K� �T�y�p�e� �4�2�9�2�-�L�)� �k�o�j�i� �p�r�o�i�z�v�o�d�i� �s�w�e�e�p
�s�i�n�u�s�n�e� �t�o�n�o�v�e� �o�d� �2�0� �H�z� �d�o� �2�0� �k�H�z� �n�a� �9�4� �d�B�S�P�L�.� �V�l�a�k�n�o� �j�e� �b�i�l�o� �n�a�m�o�t�a�n�o� �u� �p�e�t�l�j�u� �p�r�e�
�n�i�k�a� �1�0� �c�m� �n�a� �u�d�a�l�j�e�n�o�s�t�i� �3�0� �c�m� �o�d
�z�v�u�
�n�i�k�a�.� �V�a�r�i�j�a�c�i�j�e� �o�p�t�i�
�k�e� �s�n�a�g�e� �n�a� �i�z�l�a�z�u� �v�l�a�k�n�a� �d�e�t�e�k�t�o�v�a�n�e� �s�u� �P�I�N� �f�o�t�o�d�i�o�d�o�m� �i� �s�n�i�m�l�j�e�n�e� �A�u�d�i�o� �P�r�e�c�i�s�i�o�n� �A�P�x�5�5�5�B�.

Rezultati:
�S�t�a�n�d�a�r�d�n�i� �T�O�S�L�I�N�K� �(�P�M�M�A�,� �n�e�o�k�l�o�p�l�j�e�n�)�:� �F�a�r�a�d�a�y�e�v�a� �r�o�t�a�c�i�j�a� �0�,�2�8� �m�r�a�d�/�m� �p�r�i� �1�0�0� �u�T�/�1� �k�H�z�.� �A�k�u�s�t�i�
�k�a� �o�s�j�e�t�l�j�i�v�o�s�t�:� �-�8�2� �d�B�V�/�P�a
(prosjek 20 Hz - 20 kHz).
�E�q�u�a�t�o�r�i�a�l� �A�u�d�i�o� �o�k�l�o�p�l�j�e�n�i� �T�O�S�L�I�N�K�:� �F�a�r�a�d�a�y�e�v�a� �r�o�t�a�c�i�j�a� �<� �0�,�0�0�2� �m�r�a�d�/�m� �p�r�i� �1�0�0� �u�T�/�1� �k�H�z�.� �A�k�u�s�t�i�
�k�a� �o�s�j�e�t�l�j�i�v�o�s�t�:� �-�1�1�4� �d�B�V�/�P�a�.

�S�i�s�t�e�m� �o�k�l�a�p�a�n�j�a� �(�
�e�t�v�e�r�o�s�l�o�j�n�i�:� �s�r�e�b�r�n�a� �p�l�e�t�e�n�i�c�a�,� �k�r�i�o�g�e�n�o� �m�u�-�m�e�t�a�l�n�a� �f�o�l�i�j�a�,� �a�l�u�m�i�n�i�j�-�m�y�l�a�r� �t�r�a�k�a�,� �O�F�C� �d�r�e�n�a�ž�a�)� �o�b�e�z�b�j�e���u�j�e� �4�2
�d�B� �p�r�i�g�u�š�e�n�j�a� �m�a�g�n�e�t�n�o�g� �p�o�l�j�a� �i� �3�2� �d�B� �a�k�u�s�t�i�
�k�e� �i�z�o�l�a�c�i�j�e�.

3. ANALIZA

�F�a�r�a�d�a�y�e�v�a� �r�o�t�a�c�i�j�a� �o�d� �0�,�2�8� �m�r�a�d�/�m� �u� �s�t�a�n�d�a�r�d�n�o�m� �T�O�S�L�I�N�K�-�u� �j�e� �m�a�l�a� �u� �a�p�s�o�l�u�t�n�i�m� �v�r�i�j�e�d�n�o�s�t�i�m�a�.� �M�e���u�t�i�m�,� �T�O�S�L�I�N�K� �p�r�i�j�e�m�n�i�c�i
�k�o�r�i�s�t�e� �d�e�t�e�k�c�i�j�u� �p�r�a�g�a�,� �a� �n�e� �d�e�t�e�k�c�i�j�u� �o�s�j�e�t�l�j�i�v�u� �n�a� �p�o�l�a�r�i�z�a�c�i�j�u�,� �t�a�k�o� �d�a� �F�a�r�a�d�a�y�e�v�a� �r�o�t�a�c�i�j�a� �s�a�m�a� �p�o� �s�e�b�i� �n�e� �u�t�i�
�e� �d�i�r�e�k�t�n�o� �n�a
�o�b�n�o�v�l�j�e�n�i� �s�i�g�n�a�l�.� �R�i�z�i�k� �n�a�s�t�a�j�e� �k�a�d�a� �v�l�a�k�n�o� �i�m�a� �i�n�t�r�i�n�z�i�
�n�u� �d�v�o�l�o�m�n�o�s�t� �(�k�a�o� �š�t�o� �s�v�a� �P�M�M�A� �v�l�a�k�n�a� �i�m�a�j�u�,� �p�r�e�m�a� �K�a�m�i�n�o�w�u� �1�9�8�1�.�)�,
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�O�p�t�i�
�k�o� �o�k�l�a�p�a�n�j�e� �b�a�k�a�r�n�i�h� �p�r�o�v�o�d�n�i�k�a�:� �F�a�r�a�d�a�y�e�v�a� �r�o�t�a�c�i�j�a�,� �a�k�u�s�t�i�
�k�a� �o�s�j�e�t�l�j�i�v�o�s�t� �i� �a�r�g�u�m�e�n�t�i� �z�a� �o�k�l�a�p�a�n�j�e� �v�l�a�k�n�aEQUATORIAL AUDIO
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�k�o�j�a� �p�r�e�t�v�a�r�a� �r�o�t�a�c�i�j�u� �p�o�l�a�r�i�z�a�c�i�j�e� �u� �m�o�d�u�l�a�c�i�j�u� �i�n�t�e�n�z�i�t�e�t�a� �n�a� �t�a�
�k�a�m�a� �d�v�o�l�o�m�n�o�g� �s�p�a�j�a�n�j�a�.

�A�k�u�s�t�i�
�k�a� �o�s�j�e�t�l�j�i�v�o�s�t� �j�e� �v�i�š�e� �z�a�b�r�i�n�j�a�v�a�j�u���a�.� �P�r�i� �-�8�2� �d�B�V�/�P�a�,� �s�t�a�n�d�a�r�d�n�i� �T�O�S�L�I�N�K� �k�a�b�l� �i�z�l�o�ž�e�n� �8�0� �d�B�S�P�L� �š�u�m�a� �s�o�b�e� �(�t�i�p�i�
�n�o�g
�t�o�k�o�m� �r�e�p�r�o�d�u�k�c�i�j�e� �m�u�z�i�k�e�)� �p�r�o�i�z�v�o�d�i� �m�o�d�u�l�a�c�i�j�u� �o�p�t�i�
�k�o�g� �s�i�g�n�a�l�a� �e�k�v�i�v�a�l�e�n�t�n�u� �n�i�v�o�u� �š�u�m�a� �o�d� �-�9�6� �d�B�F�S�.� �I�a�k�o� �i�s�p�o�d� �1�6�-�b�i�t�n�o�g
kvantizacijskog šuma CD audija (-96,3 dBFS), iznad je nivoa šuma formata visoke rezolucije (24-bitni: -144 dBFS).

Za slušaoce koji koriste 24-bitne izvore s neoklopljenim TOSLINK-om, sam kabl je nivo šuma.

�E�q�u�a�t�o�r�i�a�l� �A�u�d�i�o� �s�i�s�t�e�m� �o�k�l�a�p�a�n�j�a� �r�j�e�š�a�v�a� �o�b�j�e� �r�a�n�j�i�v�o�s�t�i�.� ���e�t�v�e�r�o�s�l�o�j�n�i� �o�k�l�o�p� �p�r�i�g�u�š�u�j�e� �v�a�n�j�s�k�a� �m�a�g�n�e�t�n�a� �p�o�l�j�a� �z�a� �4�2� �d�B�,
�s�m�a�n�j�u�j�u���i� �d�o�p�r�i�n�o�s� �F�a�r�a�d�a�y�e�v�e� �r�o�t�a�c�i�j�e� �n�a� �z�a�n�e�m�a�r�l�j�i�v�e� �n�i�v�o�e�.� �M�e�h�a�n�i�
�k�o� �p�r�i�g�u�š�e�n�j�e� �k�o�j�e� �o�b�e�z�b�j�e���u�j�e� �v�i�š�e�s�l�o�j�n�a� �s�t�r�u�k�t�u�r�a
�s�m�a�n�j�u�j�e� �a�k�u�s�t�i�
�k�o� �s�p�a�j�a�n�j�e� �z�a� �3�2� �d�B�,� �g�u�r�a�j�u���i� �a�k�u�s�t�i�
�k�i� �n�i�v�o� �š�u�m�a� �n�a� �-�1�1�4� �d�B�V�/�P�a� �-�-� �s�i�g�u�r�n�o� �i�s�p�o�d� �k�v�a�n�t�i�z�a�c�i�j�s�k�o�g� �š�u�m�a� �b�i�l�o
kojeg komercijalno dostupnog audio formata.

�4�.� �Z�A�K�L�J�U���A�K

�O�p�t�i�
�k�i� �a�u�d�i�o� �p�r�i�j�e�n�o�s� �p�u�t�e�m� �T�O�S�L�I�N�K�-�a� �n�i�j�e� �i�m�u�n� �n�a� �e�l�e�k�t�r�o�m�a�g�n�e�t�n�e� �i�l�i� �a�k�u�s�t�i�
�k�e� �s�m�e�t�n�j�e�.� �S�t�a�n�d�a�r�d�n�o� �P�M�M�A� �v�l�a�k�n�o� �p�o�k�a�z�u�j�e
�m�j�e�r�l�j�i�v�u� �F�a�r�a�d�a�y�e�v�u� �r�o�t�a�c�i�j�u�,� �e�l�e�k�t�r�o�m�a�g�n�e�t�n�u� �o�s�j�e�t�l�j�i�v�o�s�t� �i� �a�k�u�s�t�i�
�k�o� �m�i�k�r�o�f�o�n�s�k�o� �p�o�n�a�š�a�n�j�e� �n�a� �n�i�v�o�i�m�a� �k�o�j�i� �m�o�g�u� �u�t�i�c�a�t�i� �n�a
�r�e�p�r�o�d�u�k�c�i�j�u� �a�u�d�i�j�a� �v�i�s�o�k�e� �r�e�z�o�l�u�c�i�j�e�.� �V�i�š�e�s�l�o�j�n�o� �o�k�l�a�p�a�n�j�e� �-�-� �p�r�i�m�i�j�e�n�j�e�n�o� �n�a� �k�a�b�l� �v�l�a�k�n�a�,� �a� �n�e� �n�a� �o�p�t�i�
�k�i� �s�i�g�n�a�l� �-�-� �o�b�e�z�b�j�e���u�j�e
�e�f�i�k�a�s�n�o� �p�r�i�g�u�š�e�n�j�e� �i� �e�l�e�k�t�r�o�m�a�g�n�e�t�n�e� �i� �a�k�u�s�t�i�
�k�e� �k�o�n�t�a�m�i�n�a�c�i�j�e�.� �P�r�e�p�o�r�u�
�u�j�e�m�o� �d�a� �p�r�o�i�z�v�o���a�
�i� �u�s�v�o�j�e� �k�o�n�s�t�r�u�k�c�i�j�u� �s� �o�k�l�o�p�l�j�e�n�i�m
�v�l�a�k�n�o�m� �k�a�o� �s�t�a�n�d�a�r�d�n�u� �p�r�a�k�s�u� �z�a� �p�r�e�m�i�u�m� �o�p�t�i�
�k�e� �a�u�d�i�o� �v�e�z�e�.
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