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cCd è egf%hjilk?m�npo3f%qJrsd,dld,dld,dldJd,dld,dld,d,dldJdld,dld,d,dld,dldJdld,d,dld,dld,dldJd,dld,dld,d,dldJdld,dld t

cCdvu w_oAiJiyx/i�z{ngk?m�q�|j}~}p|��%��f%��i{hj}6d,dld,dld,d,dldJdld,dld,d,dld,dldJdld,d,dld,dld,dldJd,dld,dld,d,dldJdld,dld �

Z IJ�(��F�'����?#C���>�(��#%�)����#A�>@�#AW�������W �

b 4/��5a2O2��=�	23�?�`5a21����@$�K����MB��M)2O��-=]��`�L��W>�A� �C�

t1d è �3n0�?np|jk��O��kX}~|�np|jk����%i{�3|��?np|jk��A}�d,dld,dld,d,dldJdld,dld,d,dld,dldJdld,d,dld,dld,dldJd,dld,dld,d,dldJdld,dld è��
t1dvu �+�?�p�1|��%��npoAil�3f%qJr/i{�;k?m�}pn0�?np|jk��A}�dld,d,dldJdld,dld,d,dld,dldJdld,d,dld,dld,dldJd,dld,dld,d,dldJdld,dld è��
t1dv� �+�?�p�1|��%��npoAil�3f%qJr/i{�;k?m�}p�%|��0�?h��?�pq�}�d,dldJdld,dld,d,dld,dldJdld,d,dld,dld,dldJd,dld,dld,d,dldJdld,dld è��

� 4/��5a2O��215a#%�?&�@��(�B�:��M�23�T�?#%�����a��23W>2E@��E�:�	23@ �C�

�Cd è w_oAi,f%�E��z�k���i{�0�?��iJk?m+� �Oe�w¡�?�A�¢� £=¤ dldJdld,dld,d,dld,dldJdld,d,dld,dld,dldJd,dld,dld,d,dldJdld,dld è��
�Cdvu �3|j�%i{hjk�r/i,z�k��Cm`fA}p|jk��O�?�A�¢|jk��AkX}~�%oAi{�~i,iyx/i�z{n~}g¥�|�npo�npoAi ¦¡�1e�w d,d,dld,dld,dldJd,dld,dld,d,dldJdld,dld è�è
�Cdv� § k1i�};�1¨l¤©�Ai�i��ªm>f%h�h�f%�E��z�k���i{�0�?��i�«¬d,d,dldJdld,dld,d,dld,dldJdld,d,dld,dld,dldJd,dld,dld,d,dldJdld,dld è�è
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w_oAiK£��;¥��%�~i��3fAi{�Az{�6¤ e �0�����`£����C¤ e��l|j} �! �Ai#"1n���i{�Ai{�0�?np|jk��%$��0���C|jkOn~i{hji�}~z�k��/i��%�~k��/kX}~i��6r3�6�?�6|��3n~i{�p�:�?np|jk��:�?h
z�k��A}~k��pnp|�f%q z�k��A}p|j}pnp|��%�Ok?mg¤l�1w�e&��')()�+* w �?�A�,';e;£	d%*VnJ¥�|�h�h��%kO��}pnp�~k��Ak�q�|jz��?h�k�rA}~i{�p�X�?np|jk��A}J|�� n�¥�k^m`�~i��3fAi{�Az{�
r:�?�A�%}.-

10 − 100
�+/102�>hjk�¥1�,�?�A�

110 − 200
�3/�03�>o%|��Xo4�yd�w_oAi�n�¥�k�r:�?�A�%}J�~i��Ef%|��~i��C| x�i{�~i{�En$�?�En~i{�%�:��}.()¥�o%|jz~o

z��?�T�%�~k�r:�?r%h�� r/ig|��3n~i{�X�0�?n~i��ª¥�|�npoªi���z0o¢k�npoAi{��d	w_oAign~i{hji�}0z�k���i z�k��A}p|j}pn~}_k?m��?�¢�?�p�0��� k?m��?r/k�f%nÔè��X� }pn0�?np|jk��A}5(3¥�|�npo��
qK�6"1|�q�f%q }0i{�:�?�0�?np|jk��sk?m�7E�X�983q�d	:���z~o }pn0�?np|jk��Oz�k��A}~|j}pn~};k?m����%o:��}~i��O�?�p�0���^k?m��?r/k�f%n[è��X� �?�En~i{�%�:��}.(�¥�o%|jz~osz��?�
m`k��pq qJf%h�np|��%hji�r/i��?q�}Jk��6npoAi�};81��d�w_oAi�}pn0�?np|jk��A} �?�~i�z�k��%�Ai�z{n~i��6r3�sq�i��?�A}Jk?m_f%�A�%i{�p�X�~k�f%�A�!<Ar/i{�~}ln~k^�¢z�i{�3np�0�?h
�%�~k3z�i�}0}~k���¥�o%|jz~o^m`k��pq�}�|�qK�?��i�};k?m�npoAil}=83��d��Ak��gq�k��~i,�%i{n0�?|�hj}.(A}~i�i?> è#@�d
w_oAi,�%f%�p�/kX}~i,k?m�npo%|j} �%k3z{f%q�i{�3ng|j} n~kT�%i{n~i{�pq�|��AiJ�Xf%|j�%i{h�|��Ai�}gm k��gnpoAi,£����C¤ e\}pn0�?np|jk��^z�k��A<A�Xf%�0�?np|jk��%-_npoAi,�3f%qJr/i{�
k?m�}~n0�?np|jk��A}g�?�A�¢npoAi{|��g�C|j}pnp�p|�r%f%np|jk��=d

B h�np|�qK�?n~i{h��C(�npoAiªq�kX}pn�|�q��/k��pn0�?�EnKz�k��A}~|j�%i{�0�?np|jk��A}�m k�� npoAi¢£����1¤ e }~n0�?np|jk��Bz�k��A<A�Xf%�0�?np|jk����%i{�p|���iªm`�~k�q npoAi m ��z{n
npo:�?n npoAi�k�rA}~i{�p��i��3<:i{hj�%},�?�~i ��i{�p�Oz{�~k�¥ �%i��a¥�|�npoa}~k�f%�~z�i�}�d,w_oAi$�~i���}~k��s|j} npo:�?n.(=�?n hjk�¥\m`�~i��3fAi{�Az{|ji�}.(�npoAi$}pn0�?np|jk��
�%�p|�qK�?�p�¢r�i��?q |j}g�~i{h��?np|���i{h��^h��?�p��iD(��?�A�^�0���C|jkT}~k�f%�~z�i�} �?�~i,�~i{h��?np|���i{h��^r%�p|��XoEn�d ¤_n;npoAi,o%|��XoAi�}pn £����C¤;e }~i{�A}p|�np|��1|�n��
�?�A� hjk�¥�i�}~n £����C¤;e m`�~i��EfAi{�Az{|ji�}5(A�E<:i{hj�ªqK���Tz�k��En0�?|��¢f%�ªn~k

106 − 107
}~k�f%�~z�i�}_r%�p|��XoEn~i{��npo:�?�ªnpoAi npoAi{�pqK�?h��Ak�|j}~iXd

� F r{�HG�y*d�cAX[_�\JI XLK1M¯�Sc�K{])d�rAy{]

w_oAi �%f%�p��kX}0ilk?m��?�¢|��En~i{� m i{�~k�q�i{n~i{� �?�p�0���ª|j}_n~k�}0�?q��%hji npoAiE�Ak�f%�p|ji{� np�0�?�A} m k��pq k?m�npoAilk�rA}~i{�p��i��ªr%�p|��XoEnp�Ai�}~};�C|j}pnp�p| �
r%f%np|jk����>�3|j}p|�r%|�h�|�nV�¢m`f%�Az{np|jk��4� |��DnpoAiONQP.RTS4UWVYXHZ{dlw_oAi

u, v
z�k3k��~�C|��:�?n~i�},�?�~i�npoAi �%�~k\[ i�z{n~i��Or:��}~i{h�|��Ai hji{�%�Xnpo�� ��} }~i�i{�

m>�~k�q npoAiK}~k�f%�~z�i5�lq�i���}pf%�~i��6|�� ¥�����i{hji{�%�XnpoA}�d�w_oAi�f%�3� �%h��?�Ai }0�?q��%h�|��%��m`f%�Az{np|jk��6|j}�z��?h�hji��6npoAi2NQP.R^]=_YP\Za`^V.bQZ{d+*Vn~}
�Ak�f%�p|ji{�_w=�0�?�A} m k��pq |j}+npoAi �/k�|��En ��}p�%�~i����Km>f%�Az{np|jk��c�ed��f����¥�|�npo ¥�o%|jz~oTnpoAi	<A�:�?h:|�qK�?��i;|j}+z�k��3��k�h���i���d	w_oAigk��%np|�q�f%q
}0�?q��%h�|��%� �%i{�A}p|�n�� |j}$�%i{n~i{�pq�|��Ai��8rE� npoAi¢}p|W0�iTk?m npoAi f%�E� �%h��?�Aiª}0�?q��%h�|��%�ai{hji{q�i{�3nag�_Y`JNQP\ZaU / dLdh*�� npoAiªz���}~iªk?m
£����C¤;e\npo%|j} |j} �%i#<A�Ai��srE��npoAi }pn0�?np|jk�� �C|��?q�i{n~i{�,k?m��?r/k�f%nzè��X�Kq�di�;rE�1|jk�fA}ph��C(/npoAi$}p|W0�i k?m��?�,NfP\Z#U+¥�|�h�h��%i{�/i{�A�
k��ªm>�~i��3fAi{�Az{���?�A�¢i{hji{���?np|jk��O| m�npoAiliyx�i�z{np|���i,}pn0�?np|jk��O}p|W0�il�%k3i�}�d

∆uuvel = ∆vuvel =
2D sin(EL)

λ
=

2D sin(EL)

c
fobs

��è5�

��|��8u6|�h�h�fA}pnp�0�?n~i�}ªnpoAiOf%��i{h z�k��Az�i{�%n�d\¦ |�npo �?�jNfP\Z#U }p|W0�iOk?m½è��X�?q �?�A� �6qK�6"1|�q�f%q r:��}0i{h�|��AiDk?m)7E�X�\83qk( m>f%h�h
f%�E��z�k���i{�0�?��i,|�q��%h�|ji�} � �Ef%qJr/i{�;k?m�NfP\Z#UmlD-

Nuvel = π × (400.000/100)2 × α ≈ 5 × 107 × α ≈ 5 × 107
� uC�

|��¢¥�o%|jz~o
nporq\sut\vxw	szy.{x|~}A�^�x��t\s;��q\s~�rs��pq6�#�\�����Ds��^�#w	�\v��rs;�&or�z�Y����|~}4�W�\���~or�6�rs�s^��s^w	s^t�o��H�x���r|��~|~}����rs~�p�#���6or���#tEs~��s~w	s^t�o��
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α =
sin(DEC)

< sin(EL) >
≈ 1

� �C�

w_oAi
sin(DEC)

n~i{�pq\|��A�C|jz��?n~i�}�npo:�?n�npoAi�f%�E�V�?�~i��;n~k r�i�z�k���i{�~i��$|j}�}pqK�?h�hji{�&�>q�k��~i�i{h�h�|��A}~k�|j�A�?h �=m k���hjk�¥L�%i�z{h�|��:�?np|jk��A}.(
�?�A�anpoAi

< sin(EL) >
n~i{�pq |��A�C|jz��?n~i�} npo:�?nJnpoAi ����i{�0�?��iT�%�~k\[ i�z{n~i�� }pn0�?np|jk�� }p|W0�i2� �?�A�anpo3fA} npoAi�f%��i{h�}~|W0�i5� ��i{n~}

}pqK�?h�hji{� m k��ghjk�¥�i{�li{hji{�X�?np|jk��A}�d w_oAi,nV¥�k n~i{�pq�};�~k�f%�Xo%h��^z��?�Az�i{h�i���z0oDk�npoAi{�.(�}~kK¥�i�¥�|�h�h���}~}pf%q�i
α = 1

n~kK}~|�q��%h�| m>�
npoAi �%�~i�}~i{�En �C|j}~z{fA}~}p|jk��=d�*V�^�?�E�¢z���}~i,¥�iJ�?�~i qK�?|��%h��ª|��En~i{�~i�}~n~i��O�?n��%�~i�}~i{�3ng|��¢npoAi � V���� � N � �Ef%qJr/i{�;k?m�f%��i{hj}�d

'���-Y' k�n~i�npo:�?n�npoAi_�3f%qJr/i{�	k?m
107−108

NfP\Z#Uml�|j}���i{npnp|��%�,�A�?�%��i{�~k�fA}ph�� z{hjkX}0i�n~k npoAi_�3f%qJr/i{�	k?m�}~k�f%�~z�i�}�|��$npoAiz<:i{hj��d
w_o%|j}+q�i��?�A}�npo:�?n��?n�npoAi;hjk�¥�i�}pn�£����C¤;eYm`�~i��EfAi{�Az{|ji�}�npoAi{�~i;¥�|�h�h(r/i r:�?�~i{h��Ti{�Ak�f%�Xo |��Cm k��pqK�?np|jk��!�>| d iXd�|��A�%i{��i{�A�%i{�3n
�A�?n0�¢�/k�|��En~}x�����X�?|�h��?r%hji n~k^}~k�h���i�m`k��$�?h�h��/kX}~}p|�r%hjiK}~k�f%�~z�iK�:�?�0�?q�i{n~i{�~}5(�|�� ���%�C|�np|jk��8n~k�|��A}pnp�pf%q�i{�3n0�?h_�:�?�0�?q�i{n~i{�~}�d
�;�Ai ¥����Tn~k��%i��?h�¥�|�npo¢npo%|j}�|j}_n~k �%�~k��3|j�%i9V�S4`��e_Y`��	|��Cm k��pqK�?np|jk��%(:iXd �Ad�r3�TqK�\81|��%����i{�Ai{�0�?h���}~}pf%q��%np|jk��A}g�?r/k�f%n�npoAi
h��?�p��il�Ef%q�r�i{� k?m)m �?|��En;}~k�f%�~z�i�}�d�w_o%|j} ¥�|�h�h�r/il�C|j}~z{fA}~}0i��¢|��^� h��?n~i{� �:�?�/i{��d

* m�npoAiJ} �?q��%h�|��%�T|j};z�k�q��%hji{n~iD(:| d iXd�¥�iJo:����iJm>f%h�h�f%�E��z�k���i{�0�?��iD((npoAi�}p|j�%i{hjk�r/i�}gk?m�npoAiLd��f��z��?�^r/ilqK���%i��?�pr%|�np�0�?�p|�h��
}pqK�?h�h�rE�sq�i��?�A},k?m�}pf%|�n0�?r%hji2�`iXd �AdK¨,�?|j}~i{� �	�_i�}~}~i{h �;n0�?�/i{�p|��%�AdT�3|��X�%|�<:z��?�En �E�?�A}l|��anpoAi$f%�3��z�k���i{�0�?��iTz��?fA}~i�o%|��XoAi{�
�pq�}&d��f�B}~|j�%i{hjk�r�ilhji{��i{hj}5(%¥�o%|jz~oOqK���¢z��?fA}~iJ��}~|��X�%|�<:z��?�Eng|��Az{�~i���}0i,|���npoAil|�qK�?��i,�Ak�|j}~il¥�oAi{�Ok�rA}0i{�p�3|��%�Kz{�~k�¥ �%i��
<:i{hj�%}�
rl��� Z#UW_��=Z9]=_YX��#N l��e_DX��?d&*�m�¥�i$��}~}pf%q�iJnpo:�?n �?h�h�}~k�f%�~z�i�} r%�p|��XoEn~i{� npo:�?�s�?r/k�f%n

5σ
�?�~iJ�:�?�pn k?m	npoAi �Q81���Ok1�%i{h

�?�A�ªz��?�¢npoEfA}�r/i }pf%r%np�0��z{n~i��ª��i{� m i�z{nph��C(C¥�i,�?�~i hjiym`n_¥�|�npo^��h��?�p��i �Ef%qJr/i{�
nfov

k?m�m �?|��En~i{� }0k�f%�~z�i�}�¥�|�npo
S ≈ 1σ

|��
npoAi�<:i{hj�1��k?m�� �1|ji{¥ npo:�?n;z��?�%�Ak�n r�il}~f%r%np�0��z{n~i���d+w_oAi{|��gz�k�q�r%|��Ai��2d��f�L}p|j�%i{hjk�r/i�}�¥�|�h�h=|��Az{�~i���}0ilnpoAilnpoAi{�pqK�?h=�Ak�|j}~iD-

Snoise = Sthermal

√

1 + nfovrms2

psf

� 7Q�

* m�¥�il�~i��3f%|��~ilnpo:�?n npo%|j}�m ��z{n~k��g}~oAk�f%hj�¢r�il}~qK�?h�hji{� npo:�?� √
2
(C¥�i,��i{n npoAi,z{�p|�n~i{�p|jk��%-

rmspsf <
√

nfov

� cC�
¥�o%|jz~o��X|���i�}

rmspsf < 0.001 (= 0.1%)
m`k��

nfov = 106
d+�1i�iJ�?hj}0k�}~i�z{np|jk��^cCd

¤g�Ak�npoAi{�K�~i���}~k��Ln~k �~i��3f%|��~i m>f%h�h f%�3��z�k���i{�0�?��i^|j}$npoAi¢|jk��AkX}p�%oAi{�~iD(�¥�o%|jz~oYqK���8z��?fA}~i¢�%o:��}~iª�X�?�p|��?np|jk��A}Kk?m qK�?�E�
�0���C|��?�A}l��z{�~kX}~}gnpoAiJ�%�p|�qK�?�p��r/i��?q �?n;hjk�¥ m>�~i��3fAi{�Az{|ji�}�d w_o%|j} z��?�Or�iJn0�\8�i{�O|��3n~kª��z�z�k�f%�3n ¥�oAi{�D}pf%r%np�0��z{np|��%���Q81�
�Ok1�%i{h�}~k�f%�~z�i�}9�>| d iXd�}~k�f%�~z�i�} ¥�|�npo

S > 5σ
�gm>�~k�q�npoAi$f%�3���A�?n0�A(=r%f%nlnpo:�?nJ}~np|�h�h�hji�����i�}�� h��?�p��i$�3f%qJr/i{�J�`z{�~k�¥ �%i��

<:i{hj�%}�����k?m�m �?|��En�}~k�f%�~z�i�},|�� npoAi��~i�}p|j�Cf:�?h+|�qK�?��iXd¢�3|��Az�i�npoAiKh��?npn~i{�Jz��?� k��%h��sr/i�z�k��p�~i�z{n~i�� m k��O_YX�Z��/k�|��En�|��anpoAi
};81�C(�npoAi�}~k�f%�~z�i�}J��¥����sm`�~k�q�npo%|j}l�/k�|��En,¥�|�h�h+r�i |��Az{�~i���}p|��%�Xh��sr%h�f%�p�~i�� r3�D|jk��AkX}~�%oAi{�p|jz��%o:��}~i�i{�p�~k��~}9�e'���-/npo%|j}l|j}
�%i�z�k��p�~i{h��?np|jk��%(:�Ak�n;}~z��?npn~i{�p|��%�����yd�¤ }~k�h�f%np|jk��On~k�npo%|j} �%�~k�r%hji{q |j}	SAV��r]���� � V.b�� XQbD(C| d iXd+qK�\83|��%�ª� q�kX}0�?|jzJk?m�}pqK�?h�hji{�
|�qK�?��i�}$k���i{�$¥�o%|jz~o8npoAiT|jk��AkX}p�%oAi{�p|jz �%o:��}~iK�%k1i�} �Ak�n��X�?�p� rE�aq�k��~iTnpo:�?�L���0���C|��?�=dDw_oAiª}p|W0�iKk?m;�^�:�?n~z~o8qK���
r�iª�~i��CfAz�i��YrE�B����i{�0�?�X|��%� �`z�k��3��k�h��3|��%�3«\� k���i{�K|��Az{�~i���}p|��%�Xh��Lh��?�p��iD�?�~i���}Kk?m npoAi�f%�3� �%h��?�AiD(�¥�o%|jz~o �~i��Ef%|��~i�}�m>f%h�h
f%�E��z�k���i{�0�?��iXd

:+��z~oO|��En~i{� m i{�~k�q�i{n~i{� |��O�?�O�?�p�0����z�k��3np�p|�r%f%n~i�}l� NQP5R��e`;VC]��¢n~k�npoAi,f%�3��z�k���i{�0�?��i$��} npoAiL:+�?�pnpo^�~k�n0�?n~i�}�dz* �%i��?h�h��C(AnpoAi
f%�E� �/k�|��En,���C�X�?�Az�i�}lk��Ai NQPYZ#U��?hjk��%�¢npoAi np�0��z=8O|��a�?�D|��3n~i{�X�0�?np|jk��anp|�q�iXdJw_oAi$i��Kz{|ji{�Az{�sk?m�z�k���i{�p|��%�^npoAi�f%�3� �%h��?�Ai
¥�|�npo8�^h�|�q�|�n~i�� �Ef%q�r�i{��k?m np�0��z�81}�z��?� r�iT|��Az{�~i���}~i�� rE�6¥�|j�%i{�%|��%�DnpoAi np�0��z�81} ¥�|�npo��2NQU�� �"!�`=Z$#aN Z#X4]&%(')%\X)�*�AZxl�� l
�`�+�	� �#(/| d iXdKfA}p|��%�¢npoAi��C| x�i{�~i{�En,m`�~i��3fAi{�Az{�Dz0o:�?�%�Ai{hj}Jq�i���}pf%�~i��a¥�|�npoanpoAi�}0�?q�i�|��3n~i{� m`i{�~k�q�i{n~i{�$��},}~i{�:�?�0�?n~iKf%�E�
��k�|��3n~}�d	¤gm>n~i{� �?h�hr(%npoAiO�>f%( � ��z�k1k��~�C|��:�?n~i�};�?�~i q�i���}pf%�~i���|���¥�����i{hji{�%�XnpoA}�d+w_oAil�%�p|jz�iJk��Ai �:���C}�m k���npo%|j}�|j}�npo:�?n�npoAi
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 fA"Ci�}�k?m�npoAi�}~k�f%�~z�i�}�|���npoAi_�~i�}pf%h�np|��%�l|�qK�?��i;�?�~i�npoAi ����i{�0�?��i�}+k���i{�	npoAi��+�	�Jr:�?�A�C¥�|j�Cnpo=d�w_o%|j}�|j}�k��%h�����z�z�i{�%n0�?r%hji
| m�npoAiK}~k�f%�~z�i�}�o:����i �  �?n�}~��i�z{np�pf%qUk�� � 81�Ak�¥�� }p�/i�z{np�0�?h+|��A�%i#"�d¢¤ z�k�q�q�k��%h�� fA}0i��6z�k�q��%�~k�q�|j}~iT|j},n~k^fA}~iT�
qK�6"1|�q�f%q k?m*è���� �~i{h��?np|���i,r:�?�A�C¥�|j�Cnpo^m`k�� �3�	��d

w_oAi�}~f%�%��k��pn��`k�f%n~i{� i{�3��i{hjk���i5�;k?m	npoAi�f%�E��z�k���i{�0�?��i �%i{n~i{�pq�|��Ai�} npoAi�¥�|j�Cnposk?m	npoAiJz�i{�Enp�0�?h��/i��\8�k?m	npoAi)d��f�z(/�?�A�
npoEfA}�npoAi }p�:�?np|��?h/�~i�}~k�h�f%np|jk��¢k?m=npoAig|�qK�?��iXd	¤_n�npoAi;o%|��XoAi�}pn�£����1¤ e }~i{�A}p|�np|��1|�n��C(1npoAi �%i{�A}p|�n�� k?m��%i{n~i�z{n0�?r%hji }~k�f%�~z�i�}
|j}l}~k h��?�p��i$npo:�?n,� �~i�}~k�h�f%np|jk�� |��snpoAi�k��~�%i{�,k?m_�?�6�?�~z�}~i�z % |j} �~i��3f%|��~i��sn~kª����k�|j� la_DNQ`;]�ZJ]=_YX��#NQl��p_YX�� w_o%|j} hji����%} n~k
npoAi �~i��Ef%|��~i{q�i{�3n;npo:�?ngnpoAi qK�6"1|�q�f%q r:��}~i{h�|��Ailo:��} n~k�r�i,�?n�hji���}~n;uX�X���r7E�X��81q�d

� � X�� � r{d�s c{akd�]��ÔX�Z
d�]È� ]N_�e�`Vr{_�\ e�]N_�e�r-e�Z;K{] �ScA_&xzy{X[d�r-e�Z4c{_

¤g�:�?�pn)m`�~k�q npoAi�f%�3��z�k���i{�0�?��i��C|j}~z{fA}~}0i��J|���}~i�z{np|jk���uA(�npoAi{�~i��?�~i�}0k�q�i�k�npoAi{��z�k��A}p|j�%i{�0�?np|jk��A}�m k��)npoAi_£����C¤ eL}pn0�?np|jk��
z�k��A<A�Xf%�0�?np|jk��=d��Ak��	|��A}~n0�?�Az�i�|�n�|j}	�%i�}p|��0�?r%hji�npo:�?n+npoAi{�~ig�?�~i��~i{h��?np|���i{h��$qK�?�E��}poAk��pn	r:��}0i{h�|��Ai�}�|��Kk��~�%i{�	n~klo:����i���k1k3�
�#`���b � �eXHZxl�l)l�Z#X l�� � � P�� � %\g=| d iXd;}0i{�A}p|�np|��3|�nV�¢m k�� m �?|��En i#"1n~i{�A�%i��Om i��?npf%�~i�}�d1*Vng|j} �?hj}~k �%i�}p|��0�?r%hji npo:�?n;npoAi�|��A}pn0�?�3n0�?�Ai�k�fA}
f%�E��z�k���i{�0�?��i¢}poAk�f%hj� r�iT��k3k1�6i{�Ak�f%�Xo8n~k �?h�hjk�¥¬}p�:�?�C��}~oAk�n k�rA}~i{�p�X�?np|jk��A}�ds¤;�A�6npoAiªz�k��A<A�Xf%�0�?np|jk��B}poAk�f%hj� r�iª��}
la]=VDUWZ#R �x`=Z=Z ��} ��kX}0}p|�r%hji �>| d iXd |�n }~oAk�f%hj�Or/i }~i{h m���}~|�q�|�h��?�l�?n,�?h�h�}~z��?hji�}x�g|�� k��~�%i{� n~k k��%np|�q�|j}0i�|�n~} |�qK�?�X|��%�¢�%�~k��/i{�pnp|ji�}
�?ng�?h�h�}~z��?hji�}�d

w_oAi�}~i+z�k��A}~|j�%i{�0�?np|jk��A}.(�z�k�qJr%|��Ai�� ¥�|�npoJ�%�0��z{np|jz��?h1k��Ai�}��~i{h��?n~i��Jn~kgz�kX}pn��?�A�J���X�?|�h��?r%|�h�|�n�� k?m%}~|�n~i�}.(�z��?��r�i+}pf%q�qK�?�p|j}~i��
�>|��¢�Ak��:�?�pnp|jz{f%h��?�;k��~�%i{�x� ��}_m`k�h�hjk�¥ }.-

•
*�m)�/kX}~}p|�r%hjiD(CnpoAil£����C¤ e¡o%|��Xo���hjk�¥ }pn0�?np|jk��A}.(A�?�A��i{��i{�¢npoAi,o%|��Xo���hjk�¥©�?�3n~i{�%�:��}.(:}poAk�f%hj�ªr/i |��En~i{�X�0�?n~i��^¥�|�npo
i���z0o^k�npoAi{��d+w_o%|j}g�?f%n~k�qK�?np|jz��?h�h��¢|�q��%h�|ji�}gnpo:�?n npoAilo%|��Xo���hjk�¥©}pn0�?np|jk��A}g�?�~iJz�k?� hjk3z��?n~i���d

•
�s�6"1|�q�f%q r:��}~i{h�|��Ailhji{�%�Xnpo%-�uX�X�k�`£����C¤;e o%|��Xo4����7E�X�k�`£����C¤ e¡hjk�¥1��81qk(Cn~k�����k�|j�^}0k�f%�~z�i,z�k��Cm>fA}~|jk��=d

•
w_oAi�r:��}~i{h�|��Ai�}l}poAk�f%hj�Or�i�hjk��%��i{� |��OnpoAi�';k��pnpoC� �1k�f%npo �C|��~i�z{np|jk��%(�}~kª��} n~kTk��%np|�q�|W0�i npoAi�f%�E��z�k���i{�0�?��i$¥�oAi{�
k�rA}~i{�p�1|��%��hjk�¥_���%i�z{h�|��:�?np|jk��D}~k�f%�~z�i�}�d

•
�%f%h�h�f%�E��z�k���i{�0�?��i$|j}g�~i��3f%|��~i��Om`k�� �%i�i{�O|�qK�?�X|��%� (/�%�~iym i{�0�?r%h���|��37ToAk�f%�~}�d1'���- * } m`f%h�h�f%�3��z�k���i{�0�?��i$�~i��3f%|��~i��
m k���npoAilhjk��%��i�}pn r:��}0i{h�|��Ai�}.(Cm k���¥�o%|jz~o�r:�?�A�C¥�|j�CnpoO¥�|�h�h=r�i q�k��~iJz�kX}pnph��%«Ed

•
w_oAil�3f%qJr/i{�gk?m�}~n0�?np|jk��A}L� �?�A��}p�%|��0�?h��?�pq�}x��}poAk�f%hj�ªr�i,��}g}pqK�?h�h���}��/kX}~}p|�r%hjiD(Cr%f%n�npoAi,z�k��A<A�Xf%�0�?np|jk��D}poAk�f%hj�
r/i �~k�r%fA}pn;�?�E�?|��A}pngf%�E��z�k���i{�0�?��i,hjkX}~}~i�} npo%�~k�f%�Xo^}pn0�?np|jk��¢m �?|�h�f%�~iJ�?�A�¢e��u*yd

•
d��?�pn k?m�npoAiJf%�3��z�k���i{�0�?��i$qK����r�i k�r%n0�?|��Ai��DrE� � NfU � � R �#`=Z$#aN Z#X4]&% l�%YX �*�AZxl�� l �`�+�	� �#((| d iXdgfA}p|��%� npoAi �C| x/i{�~i{�3n
m`�~i��EfAi{�Az{�Oz~o:�?�%�Ai{hj} q�i���}pf%�~i��DrE�D�?�D|��3n~i{� m`i{�~k�q�i{n~i{�J��} �C| x�i{�~i{�En f%�3� ��k�|��3n~}�d�';kTq�k��~iJnpo:�?�ßè���� �~i{h��?np|���i
r:�?�A�C¥�|j�CnpoD}poAk�f%hj�¢r/i fA}~i�� m`k���npo%|j}�d

•
w_oAi,}po:�?�A}~oAk�n�d��f�8}poAk�f%hj�¢o:����i�� qK�6"C|�qJf%q }~|j�%i{hjk�r�i hji{��i{h�k?m	�Cdvc�� � d�d�d «\�yd

��� q\����q\vx�6�Ds^t\��or���Ds��~�#t\�p���eors^t�o��%� orq�orq\s��p�xw	s��%qYv=o �p� � ors����rs"!��6���rs~w	s^t�o�orqYv=o�#%$�&('�)2�pq\�#�6����qYv"*as�vz�rs~�p�#���6or���#tE�~�#w	�Yv=� vx�6��suor�
orq\v�o%� � �x�\�ps~�+*xv�or���xt\�%��t��xorq6s~��� v"*as^��s^t-,xorqEv=�rs;vx��.
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•
w_oAi,�%i{�A}p|�nV�¢k?m�}pn0�?np|jk��A}g}poAk�f%hj�¢|��Az{�~i���}~iln~k�¥��?�~�%};npoAi,z�i{�Enp�~iJk?m�npoAiJ�?�p�0���!��m`k���r%�p|��Xo3np�Ai�}~};}0i{�A}p|�np|��3|�nV� �yd

•
�Ak��gz��?h�|�r%�0�?np|jk��%(��?r�k�f%nguXc��¬k?m�npoAil}pn0�?np|jk��A}gqJfA}pn�r/i �%h���z�i��¢|��^� $ z�k�q��:��z{n;z�k��~iD$:�?�~i��$¥�|�npo^�$�C|��?q�i{n~i{�;k?m
u�81q�d

•
�Ak�� �%f%hj}0�?�lk�rA}~i{�p�X�?np|jk��A}.(�cX��� k?m	npoAi }pn0�?np|jk��A} }poAk�f%hj�Do:����iJm>f%h�h�r:�?�A�C¥�|j�Cnpo�� �Xu��+/10-��r/i��?qO�gz�k��%�Ai�z{np|jk��A}5(
�?�A�¢r/i �%h���z�i��¢¥�|�npo%|��O�?�D�?�~i���k?m��?r/k�f%n¡è���81q�d

•
'���-%¤;�E�ª}p�/i�z{|��?h=�~i��3f%|��~i{q�i{�En~}gm`k���np�0�?�A}p|ji{�3ng�%i{n~i�z{np|jk��=d�d�d «

��|�� �,}~oAk�¥ }_�?�Ti#"A�?q��%hji;k?m��,z�k��A<A�Xf%�0�?np|jk��ªnpo:�?n�¥�k�f%hj�Tq�i�i{n�q�kX}~n�k?m�npoAig�~i��3f%|��~i{q�i{�En~}�d�';k�n~ignpo:�?n+npoAi;}pn0�?np|jk��A}
npo:�?nJ¥�k�f%hj� i{�A�6f%�6|�� |�q���kX}~}~|�r%hji��/kX}p|�np|jk��A}J�>h�|W8�iTnpoAi9' k��pnpo8�1i��C�,o:����iTr/i�i{�6q�k���i�� n~kOnpoAiKk�npoAi{�$}p|j�%iKk?m�npoAi
�?�p�0���ª|���k��~�%i{� n~k��~i{n0�?|��^npoAi{|�� hjk��%��r:��}~i{h�|��Ai�}�d

�;npoAi{�	z�k��A<A�Xf%�0�?np|jk��A}+�?�~i_�/kX}~}p|�r%hjiD(Xk?m�z�k�f%�~}0iD(��?�A�$npoAi{��z��?�$r�i��3f%|jz=81h���i{�X�?h�f:�?n~i��$fA}p|��%� npoAi_n~k3k�hj}��%i�}~z{�p|�r/i��$oAi{�~iXd
/;k�¥�i{��i{�.(�|�nl|j},�%�~k�r:�?r%h��J[ fA}pnp|�<:i�� n~k�}~n0�?n~i�npo:�?n��?�6k��%np|�qK�?h�z�k��A<A�Xf%�0�?np|jk�� }poAk�f%hj�6r�iJl�]=VYUTZ#R �#`;Z�Zxg�| d iXd�|�nJ}poAk�f%hj�
r�i }~i{h m>��}p|�q�|�h��?���?n$�?h�h�}~z��?hji�} �aw_oAi hjk�����}p�%|��0�?h�z�k��A<A�Xf%�0�?np|jk��Bo:��} npo%|j}$�%�~k��/i{�pn��C(��?�A� qK���6r/iTz{hjkX}~i n~kDk��%np|�qK�?h d
w_oAi{�~iym`k��~i,|�n |j}_fA}~i��¢npo%�~k�f%�XoAk�f%n;npo%|j} �%k3z{f%q�i{�3ngn~k�|�h�h�fA}~np�0�?n~ilnpoAi ���?�p|jk�fA} ��}p�/i�z{n~}g�?�A��z�k��A}p|j�%i{�0�?np|jk��A}�d

� uwc{_�`Re�d�r{Z�_Ae�` c{_ e�g[] hkjfl�nqp a�d�]��ÔX[]N_��Às `�]N^4]N�Àe�Z4c{_v`���g[]È� ]

¤;}z<A�Ïè |�h�h�fA}pnp�0�?n~i�}5(CnpoAi |��A}pn0�?�En0�?�Ai�k�fA} m>�~i��3fAi{�Az{� z�k���i{�0�?��i,k?m�£����1¤ e z�k��A}~|j}pn~}�k?m��?�^�?�pr%|�np�0�?�p� �Ef%q�r�i{�gk?m�}pf%rC�
r:�?�A�%}.(�k?m �?�pr%|�np�0�?�p� ¥�|j�Cnpo%(=¥�o%|jz0o z��?�ar/i��?�pr%|�np�0�?�p|�h��a}~i{hji�z{n~i��sm`�~k�q npoAi ���b�� � � l�Z$sr:�?�A� �`iXd �Ad

Bdig = 32MHz�ydJw_oAi�}pf%q�k?m��?h�h	}pf%rC� r:�?�A�%}l|j} npoAi)S4`;_.]�Zxlxl�Z$6r:�?�A�C¥�|j�Cnpo �`iXd �Ad
Bproc = 4MHz

�yd�:+��z~o }pf%rC� r:�?�A�s|j}l}p�%h�|�nl|��En~k
z�k��Enp|��XfAk�fA}�è�8f/10,z~o:�?�%�Ai{hj}gm k����%�~k3z�i�}~}~|��%�Ad
¤©}~f%rC� r:�?�A�¢¥�|�npo�r:�?�A�C¥�|j�Cnpo

∆fsb

z�k���i{�~} �  m`k1k�np�%�p|��En.$:k���npoAi f%�E� �%h��?�AiJ¥�|�npo^�$�0���C|��?h�}p|W0�i

∆rsb =
L

∆λ
=

L

c
∆fsb

|��¢¥�o%|jz~o
L
|j} npoAi r:��}~i{h�|��Ai hji{�%�XnpoO�?�A�

c
|j}�npoAil}p�/i�i��¢k?m)h�|��Xo3n�d+w_oAi h��?n~i{�0�?h�}p|W0�i k?m	��m`k1k�np�%�p|��En�|j}g�%i{n~i{�pq�|��Ai��¢rE�

npoAil|��En~i{�X�0�?np|jk��snp|�q�iD(��?�A�¢|j} �Ak�n z�k��A}p|j�%i{�~i���oAi{�~iXdz��|�� u�}poAk�¥ } oAk�¥ m k3k�np�%�p|��3n~}gk?m�¥�|j�%i��?�A���:�?�p�~k�¥\}pf%rC� r:�?�A�%}
�?�~i qK�?�%��i��^k��En~k�npoAi,f%�E� �%h��?�Ai,} �?q��%h�|��%���X�p|j��k?m�f%��i{hj}�d�¤;} ¥�i,}0��¥¡|���i��3fÞèD(Ai���z~o!NfP\Z#U�o:��} �$}p|W0�ilk?m

∆u = ∆v =
D

λ
=

D

c
fobs

|��K¥�o%|jz0o
D
|j}�npoAig}pn0�?np|jk��ª�C|��?q�i{n~i{��d��Ak��+m>f%h�h(f%�E��z�k���i{�0�?��iD(%i���z~o f%��i{h(q�fA}pn�r/igz�k���i{�~i��Kr3�T�?n+hji���}~n�k��Ai }pf%rC� r:�?�A�

m`k1k�np�%�p|��En�d3*V� �%�0��z{np|jz�iD(�qK�?�3�af%��i{hj} ¥�|�h�h�r/i z�k���i{�~i�� rE� m k1k�np�%�p|��En~}�m>�~k�q �C| x�i{�~i{�En$|��En~i{� m i{�~k�q�i{n~i{�~}�d '���-)w_o%|j}
 ¥�i��\8�$Ak��i vz{�~kX}~}p��k���i{�.$%�~i��Cf%�A�A�?�Az{��z��?�¢r/ilfA}~i��ª|���z��?h�|�r%�0�?np|jk��=d
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�Ak���m>f%h�h�f%�3��z�k���i{�0�?��iD(%npoAi;�E�?�ªr�i{nV¥�i�i{�^���\[~��z�i{�En�m`k1k�np�%�p|��En~}_q�fA}pn_r�i }pqK�?h�hji{�_npo:�?���?�Tf%��i{hr(Cr%f%n��Ak�n�0�i{�~k%d�w_oAi�}~i
�E�?�A}Jz��?� r�i�fA}0i��an~k�i#"Cn~i{�A�anpoAiKn~k�n0�?h+f%�3��z�k���i{�0�?��iTnpo:�?n�z��?�6r/i�k�r%n0�?|��Ai�� ¥�|�npo �ª�%�~k1z�i�}~}p|��%�^r:�?�A�C¥�|j�Cnpo8k?m	7
�+/10�d_w_o%|j}g|j}g�Ai�z�i�}~}0�?�p�C((r�i�z��?fA}0i,| m�npoAiJ�~i{h��?np|���i�r:�?�A�C¥�|j�CnpoDnpo:�?ng|j} ���X�?|�h��?r%hji,m k��g�3���¢|j} hji�}~};npo:�?� è����J((q�k��~i
npo:�?�wè��X�¢}pn0�?np|jk��A} �?�~i��Ai�i��%i�� n~kO��z~o%|ji{��iKm>f%h�h	f%�3��z�k���i{�0�?��iXd¢�1k (�m`k����?� k�rA}~i{�p�3|��%��m>�~i��3fAi{�Az{� k?mÔè �X�¢�3/10C(=npoAi
7 �+/10ª�%�~k3z�i�}~}~|��%�Dr:�?�A�C¥�|j�Cnpo�o:��}$n~kOr/iª�C|j}pnp�p|�r%f%n~i��Bk���i{�Ìè �O�3/10�d6w_oAi¢z�k��A�C|�np|jk��L|j}$npo:�?n�npoAi n~k�n0�?hL�`}pf%qO�
r:�?�A�C¥�|j�Cnpo k?m+�E�?�A} �%h�fA};npoAi n~k�n0�?h�r:�?�A�C¥�|j�Cnpoak?m�}pf%rC� r:�?�A�%} qJfA}~n r/iJi��3f:�?h�n~kKnpoAi �%i�}p|��~i��D�~i{h��?np|���i r:�?�A�C¥�|j�Cnpo
�`iXd �Ad

α = 0.1
�yd�¤;}~}~f%q�|��%��i��Ef:�?h � ¥�|j�CnpoD}pf%rC� r:�?�A�%}.-

nsb(∆fsb + ∆fgap) = αfobs

B }~|��%�
nsb∆fsb = Bproc = 4MHz

�?�A�
∆fgap = (Dstation/Lmax)fobs

¥�i_��i{n�npoAi�q�|��%|�q�f%q �Ef%q�r�i{�+k?m�}pf%rC� r:�?�A�%}
��}g��m`f%�Az{np|jk��^k?m

fobs

-

nsb = (α −
Bproc

fobs

) ×
Lmax

Dstation

= (0.1 −
4

fobs

) × 4000 = (1 −
40

fobs

) × 400
� �C�

:��3f �$hji����%}�n~k�npoAi m k�h�hjk�¥�|��%�Tn0�?r%hjiD-

fobs nsb ∆fsbuX�$�+/10 è uX�X�X��8A/�0 z�k��Enp|��XfAk�fA}
7E�$�+/10 è 7E�X�X��8A/�0 z�k��Enp|��XfAk�fA}
76èl�+/10 è�� 7E�X��8A/10 �E�?�A}
�X�$�+/10 uX�X� uX��8A/�0 �E�?�A}
è �X���3/10 �X�X� è���8A/�0 �E�?�A}

'���-�¤ �C�0��¥�r:��z�8Dk?m�fA}p|��%�ªqK�?�E�^�Ak��C��z�k��3np|��XfAk�fA}J}pf%rC� r:�?�A�%} |j} npo:�?n npoAi �`z�k�q��%f%n0�?np|jk��:�?h�h��s��i{�p�^z�kX}pnph�� �g}0i{h m`z��?h
�%�~i��C|jz{n�k��/i{�0�?np|jk��Tz��?� k?m>n~i{��r/i�h�|�q�|�n~i��Kn~kl�%�~i��C|jz{np|��%�Jm k��	�X�~k�f%�A}�z�k��Enp|��XfAk�fA}�z~o:�?�%�Ai{hj}�d+w_o%|j}	¥�|�h�h:�Ak�¥�r/i�h�|�q�|�n~i��
n~k$npoAi,}pqK�?h�h=�3f%qJr/i{�gk?m�z~o:�?�%�Ai{hj};|��O�$}pf%rC� r:�?�A��d

� � � l `�Z�\[]N^4c��×] ^4]uK{]N^Ì]N`6e�Z�� r-e�Z�c{_

���
	 ��������������������

w_oAi$m k�h�hjk�¥�|��%�O}~|�q��%hji�q�k3�%i{h+oAi{h��A},n~k¢��i{n��?�6|��Enpf%|�np|���iTf%�A�%i{�~}pn0�?�A�C|��%�Ok?m&d��f� m k��pqK�?np|jk��=dK¦ oAi{�af%�3���A�?n0���?�~i
np�0�?�A} m k��pq�i��O|��3n~k��?�s|�qK�?��iD(�i���z~o NfP\Z#U+�X|���i�} �p|j}0iJn~k¢� z�kX}p|��AiJ vz�k��p�pf%�E�?np|jk��%$/|��snpoAi�|�qK�?��i$�%h��?�AiD(/¥�|�npoa�T�/i{�p|jk3�
�?�A�sk��p|ji{�En0�?np|jk��6npo:�?n |j}l�%i{n~i{�pq�|��Ai�� r3�O|�n~} �/kX}p|�np|jk�� |��snpoAi$f%�E� �%h��?�AiXd�w_oAi�}~i�z�k��p�pf%�E�?np|jk��A}����%�Df%� |��s�%o:��}~i n~k
�%�~k3�CfAz�iTnpoAiT��i��\8 ����èXdv�C�Jk?mgnpoAiJd��f��(�r%f%n ��i{n |��Az{�~i���}p|��%�Xh�� k�f%n$k?mg}pn~i{�L��¥����am`�~k�q npoAiT�/i��\8�dO¦Y|�npoAk�f%n��?�E�
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n0�?��i{�p|��%� (/i���z0osz�k��p�pf%�E�?np|jk�� o:��} npoAi }0�?q�i��?q��%h�|�npfA�%i
1/Nuvel

(��?�A�s�?�D�pq�};�X�?h�fAi k?m
0.7/Nuvel

d��:�?� m>�~k�q npoAi
��i��\8�(C¥�oAi{�~iJ�?h�h�z�k��p�pf%�E�?np|jk��A}gqK���ªr/i,��}~}pf%q�i��¢n~k$r/i �0�?�A�%k�q�h��ª�%o:��}~i�� (%npoAil�pq�} }~|j�%i{hjk�r�ilhji{��i{h�|j}��X|���i{��rE� npoAi
�~k3k�n k?m�npoAi,}pf%q k?m�npoAi,}=�3f:�?�~i�} k?m

Nuvel

z�k��p�p|��E�?np|jk��A}.-

rmspsf =
√

Nuvel × (0.7/Nuvel) ≈ 1/
√

Nuvel

� tD�
w_o%|j},}p|�q��%hji$m k��pqJf%h���|j}l�X�?h�|j�Dm`k����?h�h	}0i{n~},k?m�f%�3��}0�?q��%hji�}.(�m`�~k�q m>f%h�h�f%�3��z�k���i{�0�?��iTn~k3lxX4V#S4Rrl��f_���� � V.b�� XQbXd?*V� npoAi
h��?npn~i{�Tz���}~i�|�nK}poAk�f%hj�Lr/i¢�~i{q�i{qJr/i{�~i��Ynpo:�?nKi���z~o |��En~i{� m i{�~k�q�i{n~i{�T¥�|�h�hgfA}pf:�?h�h��8�~i{�%�~i�}~i{�En q�k��~i�npo:�?��k��AihNQPYZ#U�g
�%i{��i{�A�C|��%� k���r:��}~i{h�|��Aighji{�%�Xnpo �?�A���~i{h��?np|���igr:�?�A�C¥�|j�Cnpo=d	¤�nV�3�%|jz��?h�£����C¤;e }p�:�?�C��}poAk�n�¥�|�h�hA�%�~k1�CfAz�i

Nuvel ≈ 105
(

}~k$|�n�¥�|�h�h=o:����iJ�?���pq�} }p|j�%i{hjk�r/ilhji{��i{h�k?m
0.3%

d

:��3fsuT}pf%�X��i�}pn~} npo:�?n npoAi �pq�} }~|j�%i{hjk�r�i�hji{��i{h�|j} z�k��A}~n0�?�Enlk�f%n n~kK|��A<A�%|�nV��di*��O�%�0��z{np|jz�iD(�|�n ¥�|�h�h��%i�z{�~i���}0iJ¥�|�nposnpoAi
�C|j}pn0�?�Az�i�n~k^npoAiOd��f� ��i��\8�(�i�}p��i�z{|��?h�h�� |�� z���}~i�}�¥�oAi{�~iKnpoAiTz�k��Enp�p|�r%f%np|��%�sf%��i{hj} �?�~iTr%f%�Az~oAi�� n~k���i{npoAi{� �>q�|j}~}p|��%�
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etc

60 140 180  MHz

128 sub-bands of 256 kHz
256 sub-bands of 128 kHz
512 sub-bands of 64 kHz
1024 sub-bands of 32 kHz

�������������������������������
�������������������������������
�����������������������������
�����������������������������

spectral FFT

20 8040

spectral FFT

A/D conversion  (14 bit)

100

channels of 1 kHz each

into 2D spatial FFT of station beamformer

select 16-1024 arbitrary sub-bands,  total ~4 MHz processing bandwidth

band  selection (32 MHz digitised bandwidth)

��|��Xf%�~i�èD-�� �AZ � X l��rVYX �rVDXHZ;_YNQl���� !	��
 �#`;Z$#�N Z#XH]&%O]=_YPYZ#`^V5b Z � l1lxN��#R �� P��� Z$�� X �r_)lxN��#R$�;VYX)\l�� � �*�JV �r_ �rVYUQS4`^_5]�Zxl�l�� Xfb
�;VYX)� � ��*� _ ��� �����-��� �AZOl#N �#R$�;VYX)Yl� _cX4_����fVYPYZ �r_ �=Z+]=_YX)� ��bYN _YNQl�g�VDX) ]=VYX �=ZJl.Z#UWZ=] � Z$ VY`����*�e`;VY`�� U % �x`;_ � V
��Wb��*� � l�Z  �;VDX) _ ����������-�
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uvels: du = dv = (D/c) f    (D=station size ~100m)

sub-band ’footprints’ (radial:  dr = (L/c) df ) 

uvbin: dr = (L/c) f/10     (10% MFS)

u (wavelengths)

dt < 1000/L (Earth rotation)

v 
(w

av
el

en
gt

hs
)

4 MHz (non-contiguous sub-bands)

4 MHz (contiguous sub-bands)

��|��Xf%�~i,uA- � �AZENfP.RTS4U�VDXHZ � l�laV � SHUWZ$ � X2NfX��*� li_ �LVYXOf%��i{hr( �*�AZil�� �5ZL_ � � ���p]�� � l  Z&� Z#` � � XHZ  �&% �*�AZEl��rV�� �p_YXkl�� �6Z(� �
lxN��#R �=VYX) � V#S lz_YX �r_LV�`^V���eVDU � �a_5_��mS4`�� X � � _YX �*�AZ�NQP.RTS4UWVYXHZxg � � �*��V�U � XHZ;VY` l�� �5Z �*�AV�� � l%S4`^_#SA_Y`&� �e_YXHVYU �r_ �*� l"�;VYX)� � ��*� �
!%_Y` �#NQU UANQP5R~]=_YPYZ#`^V5b Zxg �*�AZ bCVxS l��=Z � � Z=Z#X �a_5_��mS4`�� X � l � N l&� �=Z	l � VYU UTZ#`"�*�fVYX VYX9NfP\Z#U � � �AZ�bCV#S l�]=VYX��=Z�N l.Z$ �r_�Z$��� Z#X 
�*�AZ �r_��rVDUHNfP.R^]=_YP\Z#`;V.b Z ��_Y` �*�AZ�U � � � � Z$�
 � ����� �&S4`;_.]�Z#l�l�� XQb �;VYX)� � ��*� g�Z ��b ���r_ _ �&�rV�� X������ `=Z#U�V � � P\Z �;VYX)� � ��*���a_D`
�2NfU � � ! `;Z$#�N Z#XH]&% ' %YX �*�AZxl�� l 
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��
� _�� Z �*�AV�� �*�AZLl��rV�� �p_YX l �*�AV�� ��_YNQU kZ#X)JN5S � X � � SA_\lxl�� �#UWZ&S _\l�� � �e_DX l 
rU � �DZ �*�AZ � _ �*� '�Z;V�� �AVYP\Z �=Z�Z#X � _YP\Z$��r_ �*�AZ
_��*�AZ#`)l��� Z?_$� �*�AZ VY`x`;V�% � X _Y`$ Z#` �r_ `;Z �rV�� X �*�AZ�� `)UW_YXQb �;V\l�ZaU � XHZxl(� � �AZ �r_xSh`��Wb � �uSAVYXHZ#U � l�VYX Z#X U�VY`pb Z � Z#X)�1_ � �*�AZ
]�Z#X �e`;VYU SAVY`&�z_ � �*� ZLVY`#`;V�%\g � �AZ#`=Z �*�AZ  Z#X l��*� %O_$��l��rV�� �p_YX l � l�� ��b � Zxl�� �
� �AZ �;_����r_ � SAVDXHZ#Uml�l �f_� � ��_�P��rZ �ulz_$� �*�AZ � X l��rVYX)�rVYXHZ;_YNQl�NfP.R~]�_YP\Z#`;V.b Z 
�V �������
	�� �������	VC]&�1bY`;Z�Z#XJ]a`;_\lxl�`;Z�S4`;Z#l�Z#X � l
VYX � X � Z#`*��Za`^_ � Z&� Za`�guZ=VC]���_$� � ���p]��)laV � S4UTZxl&Vi]a`=Zxla]�ZaX �eRrl��fVxS Z$ �e`;VC]��i_YX �*� Z�NfP.RWS4UWVYXHZ1V\l l �f_ ��X � X �*� Z&]=_YX P\Z#X � �p_YX4VYU
S4UW_��z_DX �*� Z)UWZ*�&� � � � Z �e`;VC]��OUWZ#Xfb��*��� l  Z � Z#` � � XHZ$ �&%��*�AZ�_��#l�Z#`#P6V�� �p_YX � � � Z�
^Z(��b � ��� `��5g � � l�� �  �*� �&%��*�AZ)`=Z#UWV�� � PYZ
�;VYX)� � ��*� 
~Z ��b � ����� �6g�VYX) �=_��*�9VY`;ZuS4`;_xSA_Y`&� �p_YX4VYU	� � �*� �;VYl�Z#U � X�Z&UTZ#XQb �*� �� � � Z	lxN��#R �� P��� Z��*�AZ&NQP5RWS4UWVYXHZ � X �r_ �e`;VC]��5R
l �fV#S Z$ �&� X lxg �*�AZ&]a`�� � Z#`��p_YX"��_Y` �xNfU UQNfP.R~]�_YP\Z#`;V.b Z ��Z;]=_ � Zxl �*�fV � Z;VC]�� ��� X?l �f_DNQU L]=_DX �rV�� XOV���UTZ;V\l���_YXHZ � X � Z#`*�.Z#`^_ � Z � Z#` �

&Z$)]&� `;]aUTZxl � X)��e]=V � Z&Z � S � % ��� X l�g%VYX) �aUmN Zzl&�rVY`�l�VY`;Z�� `�� l � % � �&� X l �*�fV�� � ��b�� � �=Z�Z � S � % � �zV�l&�rV�� �p_YX �aV�� Uml � � NQX�� ��_Y` �
�� l��e`����#N � �p_YX � � � X � Za` �.Z#`;_ � Z&� Z#`xl1_YP\Z#` �*� Z��&� X l � l�b _._� �a_D`"�*�AZ�l#X4VxS4R l �f_ � #aN VYU �*� % ��� �AZ�SHU�_���_YX �*�AZ	`��Wb � � � l" Zxl��WbYXHZ 
�r_?l.Z=Z �*�AZxl.Z �*��� Xfb\lLV�� V�bYUWVYX4]�Z ��_Y`LVYX %)b�� P\Z#X!]=_YX���bYNQ`;V�� �p_YX��
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��|��Xf%�~iL7 - � �xS Z#`�� � Z#X)� � l��rV�� �p_YX �� lrSHU�VC]xZ � Z#X � � xXJS4`^V ] � �e]xZxg �*�AZ � � QZ;VYU � SA_Yl�� � �e_YX l � � U U�_$��� Z#XhX4_�� �=Z9VYP6V�� U�V �#UWZ �a_D`
� � !	��
 l��rV�� �p_YX l(� !%_Y`&�eNfX4V�� Z#U %\g��*��� l C_6Zxl X4_�� �AVYP\ZJV l.Z#`��p_YNQlOZ��1Z;] �E_YX �*�AZ?NfP.R^]=_YP\Z#`;V.b Z 
�]=_ � S VY`;Z �*� Z��;_ ���r_ � R
`��Wb � �	SAVYXHZaU �r_ ��b �&��� xX �*��� l2Z �CV � S4UTZxg �*� Z l&�rV�� �p_YX l �fVYP\Z �=Z=ZaX `^VYX C_ � U % �� l S4UWVC]�Z$ �#`^_ � �*�AZ�� `�SA_\l��*� �p_YX lk_YX
�*�AZ�l S)� `^VYU�VD` � l�g���%3V �� l��rVYXH]�Z �*�AV�� � l�S4`;_xSA_D`�� �p_YX4VYU �r_ �*�AZ��� l&�rVYX4]�Z �r_��*� Z9]�ZaX �e`;Z � �)_���� Z$3]&� `^]aUTZxl � X)��p]=V�� Z �*�AZ
S4UWVC]�Z � Z#X � �#`;Z�Z$C_ � V���XHV�� �e_DX4VYUmg4SH`^_YP � X4] �eVYU�VYX)OU�_5]=VYU%l�]=VYUTZ(�

è �
+
© ��01F�56G��D%
.
.
é @B	���ê���+���I"G�K1��5 H�/7M�H



���������
	�� �� ��� �����
	������ ���������� "!$#�#����
�&%
')(*��	�+,�-%
.
.�/ 01+��
23�4� 56��#��7��	�+,�8 ��	�! 9����-:�;<� =�!$>��?�� "!$#�#����
�A@B��:�C$!$+ ����+4� >�	7�$�D56��23�
	����E01F�56G���HJI"G�K���56HL.
.
%
%
M
5���#�23�
>�#�!$:�C$�
� 0��,������#7� @B	���C$!$�N!$>���	L; K"!$C$�4�

G \data\tekkamer\ O \45GREPOR.PDF��2�2�	��QP4���-:4;<�R�S� P���>T��	�����>�>�� 5��UP1!$#�!$�
>?>�	7�$�V%��$/
�g�
�����g�	������
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	�r_xS��6g�� �(
 � �   UWZ��kVYX)���� 
 �;_����r_ � � l&�rV�� �e_DX l � ��XHZ � V�% Y`;V �
�*�AZ � Z#X �rV�� � P\Z�]=_YXH]aUmNQl��p_YX(�*�fV���� � l��rV�� �p_YX l � liVDXcV��#la_YU N � Z � � X�� � N � �
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