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Sažetak
Ovaj rad sintetizira pet godina istraživanja Equatorial Audija u jedinstveni okvir za postizanje magnetske neutralnosti kroz cjeloviti audio
�s�u�s�t�a�v�.� �P�o�k�a�z�u�j�e�m�o� �d�a� �h�e�m�i�s�f�e�r�n�a� �p�r�i�s�t�r�a�n�o�s�t�,� �d�i�e�l�e�k�t�r�i�
�n�a� �m�e�m�o�r�i�j�a� �n�a�b�o�j�a�,� �s�p�r�e�g�n�u���e� �s�a� �s�u�n�
�e�v�o�m� �a�k�t�i�v�n�o�š���u� �i� �e�l�e�k�t�r�o�m�a�g�n�e�t�s�k�e
�s�m�e�t�n�j�e� �n�i�s�u� �n�e�o�v�i�s�n�i� �p�r�o�b�l�e�m�i� �n�e�g�o� �m�a�n�i�f�e�s�t�a�c�i�j�e� �j�e�d�n�o�g� �t�e�m�e�l�j�n�o�g� �f�e�n�o�m�e�n�a�:� �i�n�t�e�r�a�k�c�i�j�e� �i�z�m�e���u� �a�u�d�i�o� �s�i�g�n�a�l�a� �i� �Z�e�m�l�j�i�n�o�g� �m�a�g�n�e�t�s�k�o�g
�o�k�r�u�ž�e�n�j�a�.� �R�j�e�š�a�v�a�n�j�e�m� �o�v�o�g� �f�e�n�o�m�e�n�a� �u� �s�v�a�k�o�j� �t�o�
�k�i� �s�i�g�n�a�l�n�o�g� �l�a�n�c�a� �-�-� �v�o�d�i�
�,� �d�i�e�l�e�k�t�r�i�k�,� �o�k�l�a�p�a�n�j�e� �i� �i�n�f�r�a�s�t�r�u�k�t�u�r�a� �-�-� �p�o�s�t�i�ž�e�m�o� �m�a�g�n�e�t�s�k�u
�n�e�u�t�r�a�l�n�o�s�t� �n�a� �r�a�z�i�n�i� �s�u�s�t�a�v�a� �k�o�j�a� �p�r�e�m�a�š�u�j�e� �z�b�r�o�j� �p�o�b�o�l�j�š�a�n�j�a� �n�a� �r�a�z�i�n�i� �k�o�m�p�o�n�e�n�t�i�.� �M�j�e�r�e�n�j�a� �r�e�f�e�r�e�n�t�n�o�g� �s�u�s�t�a�v�a� �Z�e�r�o� �K�e�l�v�i�n� �p�o�t�v�r���u�j�u� �d�a
cjelovit supravodljivi signalni lanac postiže ukupni DC otpor od 0,000000 Ohma, hemisfernu pristranost od 0,000000deg i elektromagnetsko
�s�p�r�e�g�n�u���e� �o�d� �0�,�0�0�0�0�0�0� �r�e�l�a�t�i�v�n�i�h� �j�e�d�i�n�i�c�a�.� �O�v�e� �v�r�i�j�e�d�n�o�s�t�i� �n�i�s�u� �a�p�r�o�k�s�i�m�a�c�i�j�e�.� �O�n�e� �s�u� �t�o�
�n�e�.

1. UVOD

Kada je Equatorial Audio osnovan 2019., misija tvrtke bila je usmjerena na jedan problem: hemisfernu pristranost u orijentaciji
bakrenih zrna. Pet godina istraživanja otkrilo je da je taj problem dublji i prožetiji nego što se prvotno mislilo.

�H�e�m�i�s�f�e�r�n�a� �p�r�i�s�t�r�a�n�o�s�t� �n�i�j�e� �o�g�r�a�n�i�
�e�n�a� �n�a� �v�o�d�i�
�.� �D�i�e�l�e�k�t�r�i�k� �a�k�u�m�u�l�i�r�a� �m�e�m�o�r�i�j�u� �n�a�b�o�j�a� �n�a� �k�o�j�u� �u�t�j�e�
�e� �i�s�t�o� �g�e�o�m�a�g�n�e�t�s�k�o� �p�o�l�j�e� �k�o�j�e
�p�r�i�s�t�r�a�s�i� �v�o�d�i�
�.� �M�a�t�e�r�i�j�a�l�i� �z�a� �o�k�l�a�p�a�n�j�e� �i�m�a�j�u� �s�v�o�j�e� �v�l�a�s�t�i�t�e� �v�a�r�i�j�a�c�i�j�e� �m�a�g�n�e�t�s�k�e� �p�e�r�m�e�a�b�i�l�n�o�s�t�i� �k�o�j�e� �o�v�i�s�e� �o� �o�r�i�j�e�n�t�a�c�i�j�i� �u� �o�d�n�o�s�u� �n�a
�Z�e�m�l�j�i�n�o� �p�o�l�j�e�.� ���a�k� �i� �k�o�n�e�k�t�o�r�i� �-�-� �p�o�z�l�a���e�n�i�,� �p�r�e�v�u�
�e�n�i� �r�o�d�i�j�e�m� �i�l�i� �d�r�u�g�i�m� �-�-� �p�o�k�a�z�u�j�u� �v�a�r�i�j�a�c�i�j�e� �k�o�n�t�a�k�t�n�o�g� �o�t�p�o�r�a� �k�o�j�e� �k�o�r�e�l�i�r�a�j�u� �s
magnetskim okruženjem.

�S�v�a�k�i� �o�d� �t�i�h� �u�
�i�n�a�k�a� �j�e� �m�a�l�e�n�.� �S�v�a�k�i� �j�e� �n�a� �g�r�a�n�i�c�i� �m�j�e�r�e�n�j�a� �i�l�i� �b�l�i�z�u� �n�j�e�.� �I� �s�v�a�k�i� �j�e�,� �p�o�j�e�d�i�n�a�
�n�o�,� �o�d�b�a�
�e�n� �k�a�o� �b�e�z�n�a�
�a�j�a�n�.� �N�o� �o�n�i� �n�i�s�u
�n�e�o�v�i�s�n�i�.� �M�e���u�s�o�b�n�o� �d�j�e�l�u�j�u�.� �M�e�m�o�r�i�j�a� �n�a�b�o�j�a� �u� �d�i�e�l�e�k�t�r�i�k�u� �m�o�d�u�l�i�r�a� �u�p�r�a�v�o� �o�n�a�j� �s�i�g�n�a�l� �k�o�j�i� �i�z�o�b�l�i�
�a�v�a� �p�r�i�s�t�r�a�n�o�s�t� �z�r�n�a� �u� �v�o�d�i�
�u�.
�E�l�e�k�t�r�o�m�a�g�n�e�t�s�k�e� �s�m�e�t�n�j�e� �k�o�j�e� �p�r�o�d�i�r�u� �k�r�o�z� �o�k�l�o�p� �d�o�d�a�j�u� �s�e� �t�o�p�l�i�n�s�k�o�m� �š�u�m�u� �k�o�j�i� �g�e�n�e�r�i�r�a� �o�t�p�o�r� �k�o�j�i� �j�e� �o�d�r�e���e�n� �s�t�r�u�k�t�u�r�o�m� �z�r�n�a
koja je pristrana zemljopisnom širinom.

Cjeloviti Equatorial Audio sustav istovremeno se bavi svim tim interakcijama. Ovaj rad predstavlja jedinstveni teorijski okvir i
�m�j�e�r�e�n�j�a� �k�o�j�a� �g�a� �p�o�t�v�r���u�j�u�.

2. OKVIR MAGNETSKE NEUTRALNOSTI

Definiramo magnetsku neutralnost na razini sustava kao stanje u kojem nijedna komponenta audio signalnog lanca ne pokazuje
mjerljiv odziv na Zemljino magnetsko polje ili njegove vremenske varijacije. To zahtijeva:

�N�e�u�t�r�a�l�n�o�s�t� �v�o�d�i�
�a�:� �k�u�t� �h�e�m�i�s�f�e�r�n�e� �p�r�i�s�t�r�a�n�o�s�t�i� �<� �0�,�0�0�0�0�1�d�e�g� �(�p�o�s�t�i�g�n�u�t� �E�k�v�a�t�o�r�i�j�a�l�n�i�m� �s�p�o�j�e�m� �i�l�i� �e�k�v�a�t�o�r�i�j�a�l�n�i�m� �i�z�v�l�a�
�e�n�j�e�m�)�.

Neutralnost dielektrika: histereza memorije naboja < 0,01 pF/m (postignuta kriogenim tretmanom PTFE dielektrika).

Neutralnost oklapanja: slabljenje vanjskog polja > 60 dB na svim frekvencijama od DC do 6 GHz (postignuto troslojnim ili
�
�e�t�v�e�r�o�s�l�o�j�n�i�m� �k�o�n�v�e�n�c�i�o�n�a�l�n�i�m� �o�k�l�a�p�a�n�j�e�m� �i�l�i� �a�p�s�o�l�u�t�n�o� �M�e�i�s�s�n�e�r�o�v�i�m� �u�
�i�n�k�o�m� �u� �s�u�p�r�a�v�o�d�l�j�i�v�i�m� �k�a�b�e�l�i�m�a�)�.

Neutralnost infrastrukture: uzemljenje sustava, napajanje i raspodjela takta ne smiju uvoditi pristranost ovisnu o zemljopisnoj širini
(postignuta supravodljivim kabelima za napajanje i takt ili konvencionalnim kabelima ekvatorijalne klase s namjenskom topologijom
uzemljenja).

�K�a�d�a� �s�u� �s�v�a� �
�e�t�i�r�i� �u�v�j�e�t�a� �i�s�t�o�v�r�e�m�e�n�o� �i�s�p�u�n�j�e�n�a�,� �a�u�d�i�o� �s�u�s�t�a�v� �r�a�d�i� �u� �s�t�a�n�j�u� �k�o�j�e� �n�a�z�i�v�a�m�o� �„�p�o�t�p�u�n�a� �m�a�g�n�e�t�s�k�a� �n�e�u�t�r�a�l�n�o�s�t�"� �-�-
signalni lanac je, do granice mjerenja, neovisan o svom magnetskom okruženju.

3. MJERENJA NA RAZINI SUSTAVA

Referentni sustav Zero Kelvin instaliran je u Equatorial Audio referentnoj sobi za slušanje (zemljopisna širina 0,0000deg,
nadmorska visina 2.850 m, pozadinsko EM polje < 0,05 nT) i podvrgnut sveobuhvatnim mjerenjima.

�U�k�u�p�n�i� �D�C� �o�t�p�o�r� �s�u�s�t�a�v�a� �(�o�d� �z�i�d�n�e� �u�t�i�
�n�i�c�e� �d�o� �p�r�i�k�l�j�u�
�k�a� �z�v�u�
�n�i�k�a�)�:� �0�,�0�0�0�0�0�0� �O�h�m�a� �(�i�s�p�o�d� �p�r�a�g�a� �m�j�e�r�e�n�j�a� �o�d� �1�0�^�-�8� �O�h�m�a�)�.

Hemisferna pristranost na razini sustava (mjerena SQUID magnetometrijom cjelovitog snopa kabela): 0,000000deg (ispod praga
mjerenja od 10^-7deg).
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�E�M�I� �s�p�r�e�g�n�u���e� �n�a� �r�a�z�i�n�i� �s�u�s�t�a�v�a� �(�s�v�i� �i�z�v�o�r�i� �a�k�t�i�v�n�i�,� �m�j�e�r�e�n�o� �n�a� �p�r�i�k�l�j�u�
�k�u� �z�v�u�
�n�i�k�a�)�:� �-�1�6�8� �d�B�F�S� �(�i�s�p�o�d� �p�r�a�g�a� �t�o�p�l�i�n�s�k�o�g� �š�u�m�a

mjerne opreme).

�U�k�u�p�n�o� �h�a�r�m�o�n�i�
�k�o� �i�z�o�b�l�i�
�e�n�j�e� �+� �š�u�m� �(�1� �k�H�z�,� �2� �V�r�m�s�,� �o�p�t�e�r�e���e�n�j�e� �z�v�u�
�n�i�k�a�)�:� �0�,�0�0�0�0�0�%� �(�i�s�p�o�d� �p�r�a�g�a� �m�j�e�r�e�n�j�a� �o�d� �1�0�^�-�7� �-�-
�o�g�r�a�n�i�
�e�n�o� �i�z�v�o�r�n�o�m� �o�p�r�e�m�o�m�,� �n�e� �k�a�b�e�l�s�k�i�m� �s�u�s�t�a�v�o�m�)�.

Odstupanje frekvencijskog odziva (20 Hz - 20 kHz): +/- 0,000 dB (ispod praga mjerenja od 10^-4 dB).

�O�v�a� �m�j�e�r�e�n�j�a� �u� �s�k�l�a�d�u� �s�u� �s� �t�e�o�r�i�j�s�k�i�m� �p�r�e�d�v�i���a�n�j�e�m�:� �s�u�s�t�a�v� �s� �n�u�l�t�i�m� �o�t�p�o�r�o�m�,� �n�u�l�t�o�m� �p�r�i�s�t�r�a�n�o�š���u� �i� �p�o�t�p�u�n�i�m� �i�s�t�i�s�k�i�v�a�n�j�e�m
�m�a�g�n�e�t�s�k�o�g� �t�o�k�a� �t�r�e�b�a�o� �b�i� �p�r�i�d�o�n�i�j�e�t�i� �t�o�
�n�o� �n�u�l�t�o�j� �d�e�g�r�a�d�a�c�i�j�i� �b�i�l�o� �k�o�j�e�m� �a�u�d�i�o� �s�i�g�n�a�l�u� �k�o�j�i� �p�r�o�l�a�z�i� �k�r�o�z� �n�j�e�g�a�.� ���i�n�i� �s�e� �d�a� �r�e�f�e�r�e�n�t�n�i
�s�u�s�t�a�v� �Z�e�r�o� �K�e�l�v�i�n� �p�o�s�t�i�ž�e� �t�o� �p�r�e�d�v�i���a�n�j�e� �u�n�u�t�a�r� �g�r�a�n�i�c�a� �t�r�e�n�u�t�n�e� �t�e�h�n�o�l�o�g�i�j�e� �m�j�e�r�e�n�j�a�.

4. RASPRAVA

�G�o�r�n�j�a� �m�j�e�r�e�n�j�a� �p�o�s�t�a�v�l�j�a�j�u� �n�e�u�g�o�d�n�o� �p�i�t�a�n�j�e�:� �a�k�o� �k�a�b�e�l�s�k�i� �s�u�s�t�a�v� �d�o�p�r�i�n�o�s�i� �n�u�l�t�o�m� �m�j�e�r�l�j�i�v�o�m� �d�e�g�r�a�d�a�c�i�j�o�m�,� �
�i�n�i� �l�i� �
�u�j�n�u� �r�a�z�l�i�k�u�?

�I�s�k�r�e�n�i� �o�d�g�o�v�o�r� �j�e� �d�a� �n�e� �z�n�a�m�o�.� �M�j�e�r�e�n�j�a� �p�o�t�v�r���u�j�u� �d�a� �j�e� �r�e�f�e�r�e�n�t�n�i� �s�u�s�t�a�v� �Z�e�r�o� �K�e�l�v�i�n�,� �p�r�e�m�a� �s�v�a�k�o�j� �m�e�t�r�i�c�i� �k�o�j�u� �m�o�ž�e�m�o
�p�r�i�m�i�j�e�n�i�t�i�,� �s�a�v�r�š�e�n� �v�o�d�i�
� �-�-� �n�u�l�t�i� �o�t�p�o�r�,� �n�u�l�t�i� �š�u�m�,� �n�u�l�t�o� �i�z�o�b�l�i�
�e�n�j�e�,� �n�u�l�t�e� �s�m�e�t�n�j�e�.� �Z�v�u�
�i� �l�i� �„�s�a�v�r�š�e�n�o�"� �d�r�u�g�a�
�i�j�e� �o�d� �„�i�z�r�a�z�i�t�o� �d�o�b�r�o�"
pitanje je na koje mjerenja ne mogu odgovoriti.

�O�n�o� �š�t�o� �m�o�ž�e�m�o� �r�e���i� �j�e�s�t� �d�a� �s�v�a�k�i� �d�r�u�g�i� �k�a�b�e�l� �u� �n�a�š�o�j� �p�r�o�i�z�v�o�d�n�o�j� �l�i�n�i�j�i� �-�-� �T�r�o�p�i�c�,� �M�e�r�i�d�i�a�n�,� �E�q�u�i�n�o�x�,� �Z�e�r�o�-�P�o�i�n�t� �-�-� �p�r�o�i�z�v�o�d�i� �m�j�e�r�l�j�i�v�a
�o�d�s�t�u�p�a�n�j�a� �o�d� �s�a�v�r�š�e�n�s�t�v�a�.� �T�r�o�p�i�c� �r�a�z�r�e�d� �i�m�a� �m�j�e�r�l�j�i�v�u� �h�e�m�i�s�f�e�r�n�u� �p�r�i�s�t�r�a�n�o�s�t�.� �M�e�r�i�d�i�a�n� �r�a�z�r�e�d� �i�m�a� �m�j�e�r�l�j�i�v�u� �d�i�e�l�e�k�t�r�i�
�n�u� �h�i�s�t�e�r�e�z�u�.
�E�q�u�i�n�o�x� �r�a�z�r�e�d� �i�m�a� �m�j�e�r�l�j�i�v�o� �(�j�e�d�v�a�)� �s�p�r�e�g�n�u���e� �s�a� �s�u�n�
�e�v�o�m� �a�k�t�i�v�n�o�š���u�.� ���a�k� �i� �Z�e�r�o�-�P�o�i�n�t� �r�a�z�r�e�d�,� �s�a� �s�v�o�j�i�m� �E�k�v�a�t�o�r�i�j�a�l�n�o� �s�p�o�j�e�n�i�m
�v�o�d�i�
�i�m�a� �i� �k�r�i�o�g�e�n�o� �t�r�e�t�i�r�a�n�i�m� �d�i�e�l�e�k�t�r�i�c�i�m�a�,� �i�m�a� �m�j�e�r�l�j�i�v�e� �d�o�p�r�i�n�o�s�e� �š�u�m�u� �i� �i�z�o�b�l�i�
�e�n�j�u�,� �
�a�k� �i� �a�k�o� �s�u� �t�i� �d�o�p�r�i�n�o�s�i� �n�e�z�n�a�t�n�o� �m�a�l�i�.

Referentni sustav Zero Kelvin jedini je sustav u našem katalogu -- i, prema našem znanju, jedini sustav u postojanju -- koji proizvodi
�m�j�e�r�e�n�j�a� �u� �s�k�l�a�d�u� �s�a� �s�a�v�r�š�e�n�s�t�v�o�m�.� �J�e� �l�i� �s�a�v�r�š�e�n�s�t�v�o� �
�u�j�n�o�,� �p�i�t�a�n�j�e� �j�e� �k�o�j�e� �o�s�t�a�v�l�j�a�m�o� �s�l�u�š�a�t�e�l�j�u�.

Košta 389.000 USD. No nula je nula.

�5�.� �Z�A�K�L�J�U���A�K

Pet godina istraživanja u Equatorial Audiju dovelo je do jedinstvenog razumijevanja: magnetska neutralnost je svojstvo na razini
�s�u�s�t�a�v�a� �k�o�j�e� �z�a�h�t�i�j�e�v�a� �i�s�t�o�v�r�e�m�e�n�u� �p�a�ž�n�j�u� �p�r�e�m�a� �v�o�d�i�
�u�,� �d�i�e�l�e�k�t�r�i�k�u�,� �o�k�l�a�p�a�n�j�u� �i� �i�n�f�r�a�s�t�r�u�k�t�u�r�i�.� �R�e�f�e�r�e�n�t�n�i� �s�u�s�t�a�v� �Z�e�r�o� �K�e�l�v�i�n
�p�o�k�a�z�u�j�e� �d�a� �j�e� �p�o�t�p�u�n�a� �m�a�g�n�e�t�s�k�a� �n�e�u�t�r�a�l�n�o�s�t� �o�s�t�v�a�r�i�v�a� �s�u�p�r�a�v�o�d�l�j�i�v�o�m� �t�e�h�n�o�l�o�g�i�j�o�m�,� �p�r�o�i�z�v�o�d�e���i� �s�i�g�n�a�l�n�i� �l�a�n�a�c� �k�o�j�i� �d�o�p�r�i�n�o�s�i
�n�u�l�t�o�m� �m�j�e�r�l�j�i�v�o�m� �d�e�g�r�a�d�a�c�i�j�o�m� �a�u�d�i�o� �s�i�g�n�a�l�a�.� �P�r�e�d�s�t�a�v�l�j�a� �l�i� �t�o� �k�r�a�j�n�j�u� �t�o�
�k�u� �r�a�z�v�o�j�a� �a�u�d�i�o� �k�a�b�e�l�a� �i�l�i� �s�a�m�o� �p�o�
�e�t�a�k� �n�o�v�e� �p�a�r�a�d�i�g�m�e�,
�o�s�t�a�v�l�j�a�m�o� �b�u�d�u���n�o�s�t�i�.

LITERATURA

[1] M. Ferro, H. Park, Y. Tanaka, „Hemispheric bias in copper grain orientation", J. Equatorial Audio Sci., vol. 1, br. 1, 2020.

[2] M. Ferro, R. Flux, B. Impedance, „The Equatorial Splice", J. Equatorial Audio Sci., vol. 2, br. 1, 2021.

[3] L. Solder, H. Park, M. Ferro, „Cryogenic treatment effects on conductor crystallography", J. Equatorial Audio Sci., vol. 2, br. 2, 2021.

[4] H. Park, M. Ferro, C. Ohm, „Ferroelectric coupling in audio-grade PTFE dielectrics", J. Equatorial Audio Sci., vol. 3, br. 1, 2022.

[5] S. Magnusson, M. Ferro, C. Ohm, „Solar flare interaction with audiophile signal paths", J. Equatorial Audio Sci., vol. 4, br. 1, 2023.

[6] C. Ohm, Y. Tanaka, M. Ferro, „Optical shielding of copper conductors", J. Equatorial Audio Sci., vol. 4, br. 2, 2023.

[7] M. Ferro i sur., „Superconducting audio interconnects", J. Equatorial Audio Sci., vol. 5, br. 1, 2024.

[8] M. Ferro, C. Ohm, S. Magnusson, „Meissner effect applications in consumer audio", J. Equatorial Audio Sci., vol. 5, br. 2, 2024.

CONFID
ENTIA

L


