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u � x � �|�~��r(}�rN�]� � }�ohx � ����r(}|�?uwx~v È }�r\cf{�r(x��(� �hÈ f = 100
�-2A� �

λ = 3m
�,�2ohx o�zQ�?�~uÇ��o Å x~uwvN�'zCI7z|uwqsr©��o Å {�r �hÈ

TEC = 5
�~z|��r�r,�M� r ���!�yohz|� Å r(x~vNz|�£uÇ��oh� � {~z7I �N�N�
qY� � }*oh� � {~z I�H'�N�
}�o�¤Mu=ohx��·�

� � }Pohx oh}|�~uwz|}�oh}|����r(x~uwz|� ohx~v Å r��~z|��r\r,�~� r ���!�yohz|�£Æ!u ÅwÅ ��r Å � x~vCr(}YK

L(z) = L0 ∗ S(z)
�¯�<�

Æ!��r(}�r�z|��r È o��(z � }

S(z) = 1/ cos(arcsin(
R sin z

R + h
))

� �<�

¤~r ���(}|uw��r ��z|��r�uwx��(}�r�o���r\uwx£z|��r�r,�M� r �����yohz|� Å r(x~vNz|�Jz|�~} � {~vN��o
z|�~uwx Å o��Cr(}*ohzPohx�o Å z|uwz|{�¤~r �hÈ h
�?q o��*o È {~x��(z|u � x

�hÈ z|��r:��r(x~uwz|�Johx~v Å rN�
R

uÇ�!z|��r\�moh}|z|�£}�o�¤Muw{����yohx�¤
S(horizon) ≈ 3 È¯� } h = 300

�fq£�
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 x �~}�o��(z|uÇ� r���z|��r
u � x � ���~��r(}�r
Æ!u ÅwÅ o Å Æ/o �M�p�yo �CrÖ� � qsr Å oh}|vCrxIQ����o Å rÖ��z|}|{��(z|{~}�r���u È¿� x Å ��z|��r f¢r(vNvQf��|�yoh��r È¯� ÅwÅ � Æ!uwx~v
z|��r©¤Muw}�r �(z|u � x �hÈ z|��r�tf{~x2� �/�~uÇ����ohx ��rÖz�oh�Cr(x uwxfz � o�� � � {~xfz
�f� o�¤~¤Muwx~v � � qsrÖz�r(}|qs�
z � L0

z|�yohz�¤~r(�3r(x�¤ � xvN} � {~x�¤£� � �|uwz|u � x x
Þ �¿t � �Muwx£z|��r:��r(x~uwz|��¤Muw}�r �(z|u � x � z = 0

�,�~Æmr�vCr(zYK

L0(x) = L0(1 + p1x + p2x
2 + p3x

3 + . . .)
��H �

2*r(}�r¨Æmr�{���r�o Å � Æ I � }�¤~r(}�� � Å �fx � qÖu=o Å Èß� }��|uwqÖ� Å uÇ�(uwzQ���/�~{~z�ohx � z|��r(}��|q �?� z|� È {~x��(z|u � x8q©o � ¤ � o��sÆmr ÅwÅ � 
 z��
�yoh}�ohqsr(z�r(}��

pk(t)
��oh}|�¨o���o È {~x��(z|u � x �hÈ z|uwqsr��0ohx�¤�oh}�r�z � ��r�¤~r(z�r(}|qÖuwx�r ¤%�ß��r r\��r �(z|u � xW�<� �

N*�|uwx~v\r\c'{yohz|u � x©���?ohx�¤
}�r È r(}|}�r(uwx~v�z � ��vs���NÆmr/vCr(zmohxsr,�M�~}�r ���|u � x È¯� }�z|��r!r,�M� r �����yohz|�ÖuwxÖz|��r!¤Muw}�r �(z|u � x �hÈ ��r(x~uwz|�ohx~v Å r
z
�yo�� � ����r(}|�Cr ¤ È } � q o5�ß�|z�ohz|u � x��¿� � �|uwz|u � x x

K

L(x, z) = L0(x − h tan z) × S(z)
�¯�<�

�/��r�f�o Å z|uwz|{�¤~rÖ�yoh}�ohqsr(z�r(}�f
h

uÇ� �hÈ z|��r � }�¤~r(} �hÈ �N�N� �?q£�]
Qz��p�~}�r �(uÇ��r
�No Å {�r�uÇ�px � z\�(}|uwz|uÇ��o Å uwx q � �|z���o���r ���2u7�¢rN�
Æ!��r(x

L0

�yo�� � x Å �so È r(Æ z�r(}|qs���8
 z���q©ohuwx È {~x��(z|u � x©uÇ�mo��mo�f¢� � {~� Å uwx~v
� � x��|z�ohx'z�f'z|�yohz uwxfz|} � ¤M{�� r �H� IQ¤~r(�3r(x�¤~r(x��(�C�Ä f Æ!} � x~vQf��No Å {�r �hÈ h
Æ!u ÅwÅ �3r\oh��� � }|��r ¤¨uwx�¤Mu gGr(}�r(x'z���o Å {�r � �hÈ z|��r��yoh}�ohqsr(z�r(}��

pk

�
n � z�r�z|�yohzÖr\cf{yohz|u � x �Jo Å � � �~}�r ¤MuÇ�(z��
z|��r �Noh}|u=ohz|u � x �hÈ z|��r�u � x � ���~��r(}|uÇ���~�yo���r � �Cr(}
z|��r �yr Å ¤�I �hÈ I7�?uÇr(ÆN�$Æ!�~uÇ���
Æ!u ÅwÅ ��r\¤Mu gGr(}�r(x'z Èß� }�¤Mu gGr(}�r(x'zp�|z�ohz|u � x���� �/�~uÇ�Poh�~�~} � �?uwq©ohz|u � x�Æ!u ÅwÅ �3r�v �?� ¤¨r(x � {~vN� ��� �M���s}�o�¤��b� È¯� }�q � �|z �hÈz|��r�� � {~}�� r ��uwxJz|��r:�yr Å ¤O���~{~zPx � z È¯� }�z|��r��~}|uwvN�'z�r �|zp� � {~}�� r ���yÆ!�~uÇ��� �yo �Cr
z � ��r\�|{~�~z|}�o��(z�r ¤JÆ!uwz|��z|��r\vN}�r�ohz�r ��z
o�� �({~}�o��(�C�:� � }|z|{~xyohz�r Å ����z|��r ��r�� � {~}�� r ��oh}�r��~}|uwvN�'z�r(x � {~vN��z � �yo��Cr�z|��r(uw} � Æ!x f �~}|uw�Nohz�r�f3�~�yo���r
qsr�o��|{~}�r(qsr(x'z����
Æ!�~uÇ��� ¤ � �yo �Cr�z|��rp}�r\c'{~uw}�r ¤ o�� �({~}�o��(�C�

� � ����8�����V � �!� .0��� ��������� �����3������.3���3�

� r�{���r���r Å È IQ��o Å uw�~}�ohz|u � x � x �~}|uwvN�'z�� � {~}�� r �puwx z|��rN�yr Å ¤ z � � �~z�ohuwx f �~{~x��(z|{~}�rxI7� � uwxfz���f�z|�~} � {~vN��z|��r
u � x � ���~��r(}�rohzp¤Mu g�r(}�r(xfz*� � �|uwz|u � x����0�/��r ��r
qsr�o��|{~}�r(qsr(x'z��\oh}�r
z|��r(x�{���r ¤Jz � r �|z|uwq©ohz�r�z|��r
�yoh}�ohqsr(z�r(}�� �hÈ � {~}*u � x � ���~��r(}|uÇ�q � ¤~r Å �

�
	�� � .#� �/����� $/*�%� � ��$�� ���� �� �! �� 2 %����-� � ��*��/��� $/*�%� ���� 
�� �"!$#%


x~x
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	 � � �!*� ��%(� � �  � 23*��#� � ��%�� ��2

�/��r��|z�ohz|u � xÁ��r�ohq uÇ�
� � qÖ� Å r,�G� � � }
z|��r�� � {~}�� r �
uwx z|��r q©ohuwx Å � �3r �hÈ z|��r��|z�ohz|u � xÁ��r�ohqY��Æ¿r�q©o �¦o����|{~qsr
� z � ��}��|z � }�¤~r(}T�$z|�yohz¿z|��r*�~�yo���rxIQk�g��md'ehd � � dJ=*qsr�o��|{~}�r ¤ �'�©z|��rP�Noh}|u � {��¿uwx'z�r(} È r(} � qsr(z�r(}���oh}�rP{~xyohg�r �(z�r ¤ �'�©z|��r
��r�ohq �~�yo���rN�!tfuwx�� r
ohxf��¤~r(�?u=ohz|u � x�� È } � q�z|�~uÇ�*o����|{~qÖ�~z|u � xJÆ!u ÅwÅ �Noh}|� � Å � Æ Å ��ohx�¤£�|q �?� z|� Å � � �Cr(}*z|��r �yr Å ¤O��Æ¿r
Æ!u ÅwÅ o�����{~qsr/z|�yohz��NuwxÖz|��r!q©ohuwx Å � ��r��Nz|��r!��r�ohq IQ�|�yoh�3r/uÇ��}�r�o Å �¯ohqÖ� Å uwz|{�¤~r � x Å ���,�?ohx�¤sohx'���~�yo���r � oh}�r!�|{~����{~qsr ¤
uwx£z|��rpq
{���� Å oh}|vCr(}Pu � x � �|�~��r(}|uÇ���~�yo���rN�
2 � Æmr(�Cr(}���z|��rs��z � }|�JuÇ�\¤Mu gGr(}�r(x'z Èß� }
� � {~}�� r ��uwx z|��rs��uÇ¤~rxI Å � �3r � �hÈ z|��rs��z�ohz|u � x �3r�ohq£� ��uw}��|z �hÈ o ÅwÅ �Ez|��rÖ��r�ohq
�~�yo���r¿Æ!u ÅwÅ � {~qÖ�
�f�

π
Æ!��r(xÖ�yo����|uwx~v È } � q � x�r/�|uÇ¤~r Å � ��rmz � ohx � z|��r(}�� Ä z�z|��r¿�Cr(}|� Å r�o��|z����~uÇ��Æ!u ÅwÅ ��oh{���r¿�~} � � Å r(qs�

Æ!uwz|� z|��rÖ��r Å È ��o Å �~�yo���rs� � Å {~z|u � x2�©tfuwx�� rÖz|��rÖ�|uÇ¤~rxI Å � ��r
�yohz|z�r(}|x��\��r(zQÆmr r(x¦�|z�ohz|u � x���Æ!u ÅwÅ ¤Mu gGr(}\� � x��|uÇ¤~r(}�oh� Å ����o� � {~}�� r�q©o����3rpuwx£r(xfz|uw}�r Å �£¤Mu g�r(}�r(xfz��|uÇ¤~r Å � ��r � È¯� }�¤Mu g�r(}�r(xfz��|z�ohz|u � x����

�
	 � �  ������� �� � %(' $�.�� *0 �2 $��-��, �� $��!����.#�!2 � �	��
 %� #��2 


�J{���� Å r ���
�|q �?� z|� z|�yohx z|��r�u � x � �|�~��r(}�rN� tf{~���|{~qsr �sohx'� uwx�� � x��|uÇ�|z�r(x��(uÇr �
uwx¦z|��r � x�rxIQ� � {~}�� r�� � Å {~z|u � x��$� � o
�|uwx~v Å r\� � {~}�� r\k �Gd =
���
� � � ��= ��e���g'� ���EdJg�� ����=����Ed'ehd ���GkEd�� �
NPx~�fx � Æ!x£�~�yo���rxI7}�r È r(}�r(x�� r �hÈ z|��r\��r Å È ��o Å �~�yo���r\� � Å {~z|u � x2�$� b3���

�
	�� � .#� ���-* ��. $���2 $&2 % �#�-� � *� $/.#��� � ���


 È z|��r�xf{~q���r(} �hÈ ��z�ohz|u � x�� Ns

uÇ�/vN}�r�ohz�r(}�z|�yohx£z|��rpxf{~q���r(}
np

�hÈ �yoh}�ohqsr(z�r(}��
pk

uwx¨z|��r\q � ¤~r Å o
�|uwx~v Å r\�~�yo���r
� � Å {~z|u � x � x£z|��r\�~}|uwvN�fz�r �|zP� � {~}�� r�Æ!u ÅwÅ ��r\�|{�a©�(uÇr(x'z*z � � � Å �Cr Èß� }�z|��r(q£��������=�� � =`� �����! ��l� �"�! #�
�%$'&Ee�g�A(�3�
=Y� �,e � dJg�= �Ed'dfkEdfk8�Y� ��eb� �*) ���,d g���� �"=��+�,dfe¬d-,��/�~uÇ�!uÇ�Po
�|z�oh}|z Å uwx~v©� � x�� Å {��|u � xJuwx�¤~r r ¤G�
�/�'{�� �~z|��r��~}|uwvN�'z�r ��zP� � {~}�� rpuwx£z|��r:�yr Å ¤¨� Å o �M��ohx£uwqÖ� � }|z�ohx'z�} � Å rN�
�pr(�3r(x�¤Muwx~v � x£z|��r�x'{~q
�3r(} �hÈ ��z�ohz|u � x�� Ns

�Mz|��r(}�r�oh}�r�z|�~}�r r�� � ���|uw�~u Å uwz|uÇr �`K

�N�*
 È Ns = np

�?z|��r�� � Å {~z|u � x¨Æ!u ÅwÅ ��r*r,��o��(z�� �/�~uÇ�/qsr�ohx��!z|�yohz/z|��r��({~}|�Cr ¤��~�yo���rxIQ���(}�r r(x���o��(} � ���/z|��rp�Noh}|u � {���|z�ohz|u � x�� oh}�r È { ÅwÅ �¦¤~r(z�r(}|qÖuwx�r ¤O�!ohx�¤Áuwxfz�r(}���r �(z©z|��r È ohzÖ� Å � ����o���� � �(u=ohz�r ¤ Æ!uwz|�8z|��r¨�~}|uwvN�'z�r �|z �Ú���N� ¡N� �
� � {~}�� r\uwx¨z|��r ��vN{~}�rN�

�M�*
 È Ns > np

�?z|��rp¤MuÇ���(}�r(�yohx��(uÇr ����r(zQÆ¿r r(x¨z|��r���r Å È ��o Å � � Å {~z|u � x�ohx�¤�z|��rpq � ¤~r Å � � x'z�ohuwx£uwx È¯� }|q©ohz|u � xJoh� � {~zz|��r�uwx�� � qÖ� Å r(z�r(x�r ��� �hÈ z|��r\u � x � �|�~��r(}�r
q � ¤~r Å �7� � }*uwx��|z�ohx�� r��0z|��r�¤Mu gGr(}�r(x�� r ��q©o��¨�3r�{���r ¤¨z � � � Å �Cr È¯� }z|��r � �~z|uwq©o Å �No Å {�r �hÈ z|��rÖo Å z|uwz|{�¤~r
�yoh}�ohqsr(z�r(}
h
�T
 È z|�yohz�uÇ�*x � zp��{�a©�(uÇr(x'z��2q � }�r�z�r(}|qs�pq©o��J��r�o�¤~¤~r ¤

z � r\cf{yohz|u � x5H�����z��N�+�/. & 6 µ,4�µ,. @ ´ ����� ��� ³10Pµ%$ ´Qµ�²W2,+©´ � µ
µ � µ%$ ´K.%&#" � $%2�3R&#"3µ � F � ³ � µ�GPG�GPG �
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Ns

��u ��r � }�¤~r(} zmax

� Å ohx~�Cr(z ��� �?q
�
np

}�r(q©oh}|�?�
�Ut?� � � H ���fq �hx�¤ H'� �0ohz �N�N� H

� � 2 Ä � ��� ���fq �hx�¤ H'� �0ohz �N�N� H
/ �'� Ä � �N� ���N���fq �h}�¤ H'� �({~}|�Cr ¤ �N�N� �
/ �'� Ä � ���N� H'�N���fq �h}�¤ H'� �({~}|�Cr ¤ �N�N� �

�Eoh� Å r��EK�n 0RMS2�µ,.
(np)

&U1 FM³#.|³#M©µ(´Qµ,. �T� " ´ � µ � &#"E& � F � µ,. � $7F � ³ � µTMX&�²'µ � G

�M�*
 È Ns < np

�Cq � }�rPz|�yohx � x�rP�~}|uwvN�'z/� � {~}�� rPÆ!u ÅwÅ ��r!x�r r ¤~r ¤ z � � � Å �Cr È¯� } z|��rPq � ¤~r Å �yoh}�ohqsr(z�r(}���� �/�~uÇ�mÆ!u ÅwÅ
x � z �hÈ z�r(x¨�yoh�~��r(x2�

�
	�� � .#� %!$/.#��� ��� *(��. $&2 %��#� � ��2&*0 $/.�� �������

t
�hnBe��
uwx ���Ö��r �<�(��� �

 È z|��r
q � ¤~r Å uÇ�\� � }|}�r �(z��Ez|��r(uw}
�ß��r(�yoh}�ohz�r`�p��r Å È ��o Å �~�yo���r©� � Å {~z|u � x �|� � { Å ¤ �~} � ¤M{�� rÖ�~�yo���r
z|�yohz�oh}�rs� � x��|uÇ�|z�r(xfzÆ!uwz|�£uwz��H
Qx È o��(z��~z|��r�q � ¤~r Å q©o ����r�{���r ¤¨z � ��� �f� ��r\z|��r�{~x~�?x � Æ!xJ�~�yo���r��~u=o�� �hÈ �|{����Jo
� � Å {~z|u � x6� �f�£o�¤~¤Muwx~v
�|{~uwz�oh� Å r\� � x���z|}�ohuwx'zPr\cf{yohz|u � x���z � z|��r�� � Å {~z|u � x�� �
Ä x'� }�r(q©ohuwx~uwx~vÁ¤MuÇ���(}�r(�yohx��(uÇr �£oh}�r�ohx uwx�¤MuÇ��ohz|u � x z|�yohz�z|��rJu � x � �|�~��r(}|uÇ� q � ¤~r Å uÇ�©x � z�� �Cr(zT�©� � }|}�r �(z�� �/�~uÇ�
uwx È¯� }|q©ohz|u � xJ��ohx£��rp{���r ¤�uwx£�Noh}|u � {��!Æ¿o��?�·�w�w�

�
	�� # %�, � *� *� � $/.#� �/��23����$/2 '+�/%�, 2 �������/�!� � ��� , 2

Ä x � �Cr(}�o ÅwÅ u � x � ���~��r(}|uÇ�\q � ¤~r Å q©o ��� Å o �£o�{���r È { Å } � Å rp��r(}�rN�w�w�

� � �������Ú%C�0�E�����	�~.y�����2.0�
������� X Z�Z � ���


 x¨�~}|uwx��(uw� Å r�� � x�rpqÖuwvN�'zPo�¤~¤�q � }�rpz�r(}|qs��z � L0(x)
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zenith angle (z)

phase screen of station 3
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has an unknown absolute phase
the selfcal solution for each source

ionospheric phase

the brightest one
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∫
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∫
Ne
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�
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