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k0�m��qp � ��psk�p�t��0i � r�y��qr)mo�dmopstXr`�=y<m ��  io�   y
njn�y��Xy � ��pst��?�   y{�p � y<n�y<td�'{�y<r�p��^tXr4iov)�   y¤������rqmok�l�|sp�tX��k�y ��  mot�p�r�kmot�{ � psn � ��p��qr<� ��p��   �   p�r.r � iVl�y²pst k0pstX{B�4�)y²l�y
n��v­iVnqk�y<{Nk0y�mVr���nqy
k�y
td�qrj�qi0{�y
��y<n�k�pst�y4�   y£r�}¦r`��y<k!m���p �

i � r�y���iVv��   y0�?�^����������r�}�rb�qy
k ��pª�   nqy<r�l�y � ���qi¤�   y
�%mVn�¯O�o�4� �%monq¯��¤xXm � ¯d�Uy
tX{.r�}�rb�qy
k mot�{Opª��r:r`�qmVx�p�|sp��
�b}���pª�   pstN�   y£�?�^����������r`}�r`��y
kO��À   y4k�y��   i¦{Xr)mVtX{�   y0nqy<r���|��qr4iovj�   y�k�y<m^r`�Xn�y<k0y<td�qr:��p�|s|�x�y!lXn�y�r`y<t^�qy<{pstN�   psr�n�y<l�i^n`���
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ÀÅi�k!mV¯Vy@�   y�i � r�y��1k�y�mVr���n�y<k�y
td�qr<�'m � iVk�k�iVtt�i^psr�y?r`i^��n � y£�wmVr�nqy � iVn�{�y<{©��p��   �   y;�?�d���4�X����r`}�r`���y<k motX{.�   y �%monq¯.�o� r`}�r`��y
k pst1lXmVnqmV|�|sy
|g���´t�i^psr�y

r�p��^tXmo|��Vy<t�y
n�m��qy<{«p�t�r`p�{�yu�   y �%monq¯¦��xXm � ¯d�gy<tX{��qy
n��k�p�t�mo|�|�i � mo��y�{Cm����   y +VÀ3mol�y«¹ÅmVx-+ nqi¦iVk iov.�   y
��m�}�r`�qm � ¯ � xXr�y
nqz�m���i^n�}��)m^r �Xr�y<{?m^rB�   y � iVk�k�iVt?r�p��V�tXmV|¸� �%monq¯1�o��r�}�rb�qy
k nqy � iVn�{�y<{.�   y¤{�mo�qm©v­nqiVk �   y
�%mVn�¯¦�@v­i^n�k!m�����y<nN��t�p��.�   p ��  psr � iVt�t�y � �qy<{R�qi��   y
�%mVn�¯¦�wxXmVr�y
x�motX{ � i^t¦zVy
n���y<nqr½��p��   �Xr`��mo|Vr�p��^tXmo|^n�i^����y^��   y<n�y�mVr)�   y'�?�^���4�����Rr�}�rb�qy
kÃrqmok�l�|sy<{��   y'mVtXmo|siV�xXm^r`y<xXmotX{'r`ps�VtXmV|d�qmo¯^y
t'v­n�i^k �   ywk�iVt�p���i^n � iVt�tXy � �qiVn�riov��   y �%monq¯¦�NxXm^r`y<xXmotX{ � iVt¦z^y
n���y
n���t�p��qr<�'�¦y����g��l²iov�   y²k�y<m^r`�Xn�y<k0y<td�qr¤p�rOr   i���t�p�t �   yu±3p��^��nqy Â mVtX{±3p��^��nqy � �
� t�|�}I�   y v­iV��n�� ��  mot�tXy
| � i^t�.X�^��nqmo��psiVt#iov �   y�?�^���4������r`}�r`��y
k �wmVr���r`y�{�v­iVn��   y'k�y�mVr���n�y<k�y
td�qr<�ÀPi¤y
tXr���nqy£�   y'�qp�k�pst��NiVv��   y Â �¨�=�j�u¶Âl���|�r`y;l�y<n4r�y � �iVt�{X»�r�ps�VtXmV|sr4monqy'p�{�y
td�qp � mo|P��i©�b�ji���t�p��qr<� m � iVk�k�iVtÂ �¨�=�)�¤r�p��^tXmo|B�wmVr�r���l�lX|�psy<{©��i0�   y �%mVn�¯©�V� r`}�r`��y
kmot�{~�   y%�?�^���4����� r�}�rb�qy
kO��À   y Â �¨�=�)�~r�p��^tXmo|w�qi�   y4�?�d���4�X���@��t�p����)m^rjr���l�lX|�psy<{Nxd}¤m � idm�¥�psmV| � mox�|sy��p��   mu|sy
t��V�   iov � � � � k v­n�i^k �   y �%monq¯��@x�m � ¯d�y
t�{�r�}�rb�qy
kO��mVtX{©�   y'|�y<t��o�  O� iVtXr�p�{�y
nqy<{©��i!x�y'r   iVn��y
tXiV���   r`pst � y©�   yN�qp�k�pst��²{�y<|sm�} � mo�Xr�y<{@x¦}¬�   psr � mo�x�|sy.psrNy
z�mo|s�Xmo��y<{Rm^r¤mox�iV���©� G � tXmot�idr`y � i^tX{B� ��p�k�p��|�monq|�}^� Â � � � ��nqy�v­y<n�y<t � y¤r�p��^tXmo|�v­iVn£�   y¤�?�^���4�����jÁ �r�}¦r`��y<k �wmVr4�Vy<t�y
n�m��qy<{%x¦}²�Xr`pst��.mOr`ps�Vt�mo|��Vy<t�y
n�m��qiVn

��p��   �   y¤� � � ��n�y
v­y
nqy
t � y;r�p��^tXmo| � iVk�k�iVt1��p��   �   y
�%mVn�¯@�o�Ãr`}�r`��y
k®mVr'�   yNy�¥¦�qy
nqtXmo|)n�y
v­y
nqy
t � yNr�p��^tXmo|g�À   y1{Xm��qm��jy<n�y1n�y � iVn�{�y�{��b�)i@�qp�k�y<r©y<m ��  iVt �1m�}Â �X� � �V�d�@v­i^nO�   nqy
y~rqmok�l�|spst��Rk0i�{�y�r
�£pg� yV� � � � �^�
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Mark 4 BBC

Receiver front-end

Mark 4 Formatter

Mark 5A Recorder

K5/VSSP 
(sampler and recorder)

H-maserReference Signal Distributer
5 MHz

1-PPS

Signal Generator 
(Fluke)

1-PPS

5 MHz

10 MHz

5 MHz

Monitor Output (USB)
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304 ��57698 3�: 	 !;8 304 � : ��&<1�=F2 =�> 4 =�GA@ 30B CED =�> 4 = 3 @ 30B CED
G���57698 3�: 	 !;8HG�� : ��&%1 3 2 =�> 4�B�I @ 30B CED =�> 4�304 @ 30B CED
G���57698 3�: 	 !;8HG�� : ��&%1�=F2 =�> 4�B�I @ 30B CED =�> 4�304 @ 30B CED
�F��57698 3�: 	 !;8)�F� : ��&%1 3 2 =�> 4�3 ��@ 30B CED =�> 4 � B @ 30B CED
�F��57698 3�: 	 !;8)�F� : ��&%1�=F2 =�> 4�3 =A@ 30B�CED =�> 4�?�4 @ 30B�CED

��� � �V��mVtX{ Â � � � �^� � t�|s}:�   y Â �Ux�p��Pr�mVk�l�|�pst��:k0i�{�y�r�)y
nqy£y�¥�mok�pst�y<{B����v°��y<n��   y;{�mo�qm!�)y
nqy£n�y � i^nq{�y�{B���   y�?�^���4�����=Á � {�m���m .�|�y�rw�jy<n�y � i^tdz^y
n���y�{���i0�   y �%monq¯�o� v­i^n�k!mo��.X|�y�r¤mot�{��   y
t�nqy � iVn�{�y<{�pst^�qiu�   y²{�psr�¯d�lXm � ¯²k�i�{���|syNiVv��   y �%monq¯u�V� r�}�rb�qy
k ��i � iVnqn�y<|smo��y�   yN{�m���mO��pª�   �   y �1monq¯¬�o��{Xm��qmOx¦}²�Xr`pst�� �%mVn�¯¦�
� i^n�nqy
|�m��qiVn�r`}�r`��y<k��N§¨tum^{�{�p���psiVt �Å�   y©{�m���m©nqy � iVn�{�y<{��p��   �   y��%monq¯¤�o� r�}�rb�qy
k��)y
nqy�y
¥d�qnqm � �qy<{¤mVtX{��   y
t
� i^t¦zVy
n���y�{0��i;�   y��?�^���4������{�mo�qm .�|�y4v­iVnqk!m�� .X|�y�rj��i
� i^n�nqy
|�m��qy��   y£{�m���m?��p��   �   y£�?�^���4������{�mo�qm .X|�y�rwx¦}�Xr�p�tX�u�   y¬�?�ur`iVv°�b�)mVn�y � i^n�nqy
|�m��qiVn!r�}¦r`��y<kO�«§¨tR�   y
� nqi^rqr � iVnqn�y<|smo��psiVt¬l�n�i � y<rqr`pst��X�Å�   y©ZV²\QP`NR8QP`�lXmVnqmVk�y����y<nqr¤v­iVnN�   y¬{�y
|�m�}¢mVtX{�{�y<|sm�}�nqmo��y%�)y
nqy1r�y��©��i~x�y
�
y<n�i¬�qi@iVx���mopst¢r�}�rb�qy
k!m��qp � {�y<|sm�}�x�y
�b�jy<y
t¢�   yO�b�)iiVx�r`y<n�z¦pst��0r�}�rb�qy
k!r<�

�E� ��
2% � �N$*%
À   y1i � r�y���rNi^x��qmVp�t�y�{�v­nqiVkF�   y � i^n�nqy
|�m��qp�i^t�l�nqio�

� y�r�r�pst��¤x¦}O�Xr`pst��N�   y �%monq¯¦� � i^n�nqy
|�m��qiVn�mVtX{O�   y;�?�r�iov°�b�wmonqy � i^n�nqy
|�m��qiVn;mVn�y�r   i���t~p�t��   y�À3mox�|sy Â �@§¨t�   y��qmoxX|�y^�ÅiVtX|�}.�   y!nqy<r���|ª��r4v­iVn��   y Â r`� ��  mot�tXy
|=mVn�yr   i���t �:À   y'l�i^r�pª�qp�z^y'z�mo|s��y'iVv��   y�{�y<|sm�}�k�y<mot�r��   yr�y � i^tX{?r`�qmo��psiVt?iVv��   y)xXm^r`y<|�pst�y=nqy � y
pszVy�rB�   yjn�mV{�psi�r�p��V�tXmV|Å|�m���y<n��   motO�   y .�nqr`�4r`�qmo��psiVt ��§¨t%�   y � mVr�y?iVv3�   p�rk�y<m^r`��nqy
k�y<t^��r
�X�   y0r`ps�Vt�mo|Åp�r � iVk�k�iVt%mVtX{O�   y'l�i^r`�p���pszVy.z�mo|s��yOiov4�   y%{�y
|�m�}~k�y<mot�r��   mo�!�   yO�qp�k�yO��mo���nqpª����y
tO��p��   �   y��?�0r�}�rb�qy
kCp�rwx�y   pstX{©��i��   y �%monq¯

�o� r`}�r`��y<k��4±3p��^��n�y0Á¤r   i���r��   y � i^mVnqr�y?{�y
|�m�}�v­��t � ���psiVt�r�v­i^n�v­iV�Xn){�p � y
nqy
td� ��  mVt�t�y<|srjl�nqi � y<rqr`y�{���pª�   �   y�?�;r`iVv°�b�)mVn�y � i^n�nqy
|�m��qiVn��ÀÅi � iVt .Xn�k �   m��¢�   y r`}�r`��y<k�mo��p � i � r�y��¢iov%�   y�?�^���4�����%r`}�r`��y<k p�r � iVt�rb��motd�<�omVt�io�   y
nÅ��y<r`���)m^r l�y
n��v­iVnqk�y<{Oi^t%�����^�Xrb� Â ��� � �^�^�0x¦}©��r`pst��!�b�)i¤pstX{�y
l�y
t��
{�y<t^�²��t�p��qr²iov��   y¢�?�^���4����� r�}�rb�qy
k#motX{ nqy � iVn�{¦�y<{@m � i^k0k�i^t@t�iVp�r`y©r`ps�VtXmV|¸�%À   y©{�y<|sm�}²x�y
�b�jy<y
t@����)i©nqy � iVn�{�y<{¬{�m���m��)m^r � mo| � ��|�m��qy<{²x¦}1�Xr�p�tX�©�   y¤�?�r�iov°�b�wmonqy � i^n�nqy
|�m��qiVn0motX{~�   yOk�y<m^r`��nqy
k�y<t^���wmVr0n�y
�l�y<m��qy<{ux¦}un�y
�Ur�y�����pst��O�   y©rqmok�l�|sy
n � |�i � ¯¬p�t�r`p�{�y¤i^t�yiovw�   y©�?�d���4�X��� ��t�p��qr<�1À   y¤�Xl�l�y<n`�¨r�ps{�y
�gx�motX{@r�p��V�tXmV|sr4v­nqiVk³v­iV��n?x�mVr�y
xXmVtX{ � iVt¦z^y
n���y
n�r:�jy<n�y¤r���l�l�|spsy<{��i��   y��b�)i¤�?�^������������t�p��qr�xd}©�Xr�p�t��¤À)� � i^t�t�y � ��i^nqr<�º)io�   Â �¨�=�)�%r�p��^tXmo|�r�motX{1�   y Â ��� �!��n�y
v­y
nqy
t � y0r�p��V�tXmV|srw�)y
nqy4r���l�lX|�psy<{©v­nqiVk mVt�p�{�y<t^�qp � mo| {�p�r`��nqp�x�����iVn����t�p��<�4��|s|Å�   y � mox�|sy<r��Xr�y<{.pst.�   psr:k�y<mVr���nqy
k�y
td���)y
nqyrqmok�yNpst�|sy
t��V�   ��pª�   pst¢m%v­y
� � y
td��psk�y��qy
n�r
�~À   y<n�y
�v­iVnqyV�)�)y � mot�m^r�r���k�yO�   y%r�ps�VtXmV|�lXm��   r��qiu�   y.�b�)i�?�^���4����� ��t�p��qr!mVn�y©ps{�y<td��p � mo|g�~À3mox�|sy � r   i���r?�   ynqy<r���|ª��r£iovw�   psr'k�y<mVr���nqy
k�y
td����À   y©r�mVk0lX|�pst��.k�i�{�y�wmVr Â � � � �
� Â x�pª��� Â ���.xXlXrjv­iVn�y<m �� ©��  mVt�t�y<|¸�
> �

'  /����� � %&�N )��%
hjiVtXr�ps{�y
nqp�t��%�   y©��psk�y©pstd��y
nqz�mo|)iov��   yO{�m���m1rqmok0�l�|sp�tX�~psr�� G � � " Â �EJLK.r�y � iVtX{B��mV|�|4k�y<m^r`��nqy<{¢i � r�y����r0x�y
�b�jy<y
tR�?�^���4�����´��t�p��qr��)y
nqy�r�k!mo|s|�y<n0�   mVt��   y
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rqmok�l�|sp�t��'p�td��y<n�z�mV|¸���¦pst � y:iV��n���monq�Vy
�jm �<� ��n�m � }'iov½�   y
��À Â �*�:À�h�p�r � ��i¤Á�k�p � nqi^r�y � iVtX{�motX{��)y�t�y
y�{���i
� mV|�psx�n�m��qyj�   y�r�}¦r`��y<k!m���p � i � r`y
��iov��   y�i^xXr�y
nqzdpst���r`}�r`���y<k �qi©�   y!|sy
zVy<|�iov���� Â k�p � nqi^r�y � iVtX{B� �   y!z�monqp�m���psiVtiov��   y'i � r�y��:r   i���tOpst.�   y0ÀPmVx�|sy � psr � i^tXr`p�{�y<n�y�{���ix�y1t�y<�V|sp��^p�x�|syV� À   y1n�y�r`��|��qr©r   i���t¢pstR�   y²À3mox�|sy Âr����V�^y<r`�:�   m��4�   y¤�?�d��������� r�}�rb�qy
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n=z�mo�l�iVn4k0y�mVr���nqy
k�y
td�qr�iVt.�qn�i^l�idr`l   y
nqy'motX{   y
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¦ .�%*$F"8���X$
�   mVr�y � mV|�psx�n�m���psiVt%r�ps�VtXmV|Å�Vy<t�y
n�m��qiVn�r?¶Â�wh)��¹�motd��y<t��tXm ��t�p���»¬�)y
nqyR{�y
z^y
|siVl�y<{ v­i^nuv­�����Xn�yRnqy
l�|�m � y
k�y
td���p��   �   y � ��nqnqy
td�?�)h)��¹�mVtd��y
tXtXmO��t�p��'iVt@ÁV�Vk³mVt��
��y<t�tXm�m����£mVr   psk!m��3¼4nqiV�Xl;{�y<|sm�} ��  mVnqm � ��y<n�p�r`��p � ��p��  �   y=t�y<�u�wh)��¹N��t�p��qrP�jy<n�y�y<z�mV|���m���y�{£motX{?pª�3�)m^r � i^t��
.Xnqk�y<{Nm^rj�   y£rqmok�y:|sy
z^y
|½��p��   �   y � �Xn�nqy
td�wiVt�y^��h)mo�x�|sy={�y<|sm�}4k�y<mVr���nqy
k�y
td�Bv­��t � ��psiVt'psrPt�io�Pp�k�l�|sy
k�y
td�qy<{pst£�   yjt�y
�~�wh)��¹!�Xt�pª��m��3l�nqy<r�y
td�Å}Vy
�<��x����P�   y � {�y
|�m�}
� mV| �¦v­�Xt � �qp�i^t���ps|s| x�y � iVtXr�p�{�y
nqy<{©p�tOt�y�mon)v­���q��n�y^�

�)� �«�\$*"� E1 � �X$&�N )�
�   mVr�y � mo|sp�xXnqmo��psiVt�¶¸�)h)�:¹P»�motd�qy
t�tXmO�Xt�pª�?p�r?mVt¬psk0�l�iVn��qmotd��y<¡d��psl�k�y
td��v­i^n��Vy<i¦{�y���p � �:¹Pºj§)iVx�r`y<n�z�m��qp�i^t �� xXmVr�p � x�|si � ¯.{�p�mo�^nqmVk iov��:¹Pº)§�n�y � y<p�z^y
n:r�}�rb�qy
k p�r
r   i���t;pst!±3p��^��n�y Â �P�   mVr�y � mo|sp�xXnqmo��psiVt;r�ps�VtXmV|�psr � iVk0�l�i^r�y<{©iov3m�r�y���iovP��i^t�y£r`ps�VtXmV|sr)��p��   Â � � ��pstd��y
nqz�mo|g��¦pst � y.l   mVr�y<r�iVv:y
z^y
nq}@��i^t�y.r`ps�Vt�mo|�r!monqyOmV|�ps�VtXy<{¢m���   y¬pst�Äby � ��psiVt l�iVpst^�����qio��mo|�l   m^r`yur   pªv°�%{���y¬�qi��   yr�p��^tXmo|)��n�mot�r`k�p�r�r�p�i^t�{�y<|sm�}¬v­nqiVk �   y���iVl�iov:�   y�n�y
�
� y<p�z^y
nNr�}�rb�qy
k ��ps|�|:��i~�   y¬r�mVk0lX|�pst��@l�iVpst^�OmotX{Rpst�p����p�mo|4l   m^r`y1iov?|si � mo|:i^r � ps|�|�m��qiVn�r!p�t zdp�{�y<i � i^tdz^y
n���y<nqrp�r�iVxXr�y
nqzVy�{Npst%�)h)�:¹ul   m^r`y?mo���   y?rqmok�l�|spst��!l�i^p�td���À   p�r'l   mVr�yNiVv��)h)��¹ r`ps�VtXmV|ji^xXr�y
nqzVy<{umo�'�   y©rqmok0�l�|sy
n)psrj�Xr�y<{�v­i^n � mo|sp�xXnqmo��psiVt!iov l   mVr�y:{�y<|sm�}�z�monqp�m���psiVt
� mV�Xr�y<{0p�t¤�   y�r�ps�VtXmV|�|�pst�y�v­nqiVk �   y���i^l!iov½�   y:n�y � y<p�zd�y
n�r�}�rb�qy
k��qi0�   y£rqmok�l�|sy
n�����tX{�pª��p�rwzVy<n�}!t�y � y�r�rqmonq}v­iVn3�   ywxXmotX{���ps{¦�   r�}¦t^�   y<r�p�rPlXn�i � y�{���nqy 
 Â ���qi:i^x��qmVp�t
  ps�   l�nqy � psr�psiVt!�VnqiV�Xl�{�y
|�m�};pst!�:¹Pºj§�i^xXr�y
nqz�mo��psiVt �3��)h)�:¹B�¨motd��y<t�tXmo�g��tXpª�)iovÅ�4�¨Á?�:¹Pº)§�r`}�r`��y
k�
 � � 
 Á � 
 � � 
 � �
  m^r©x�y
y<t �Xr`y�{�pst �   y~Áo�^k motd��y<t�tXm¢m��%�£mVr   psk!m��º)y � mo�Xr�yNmox�iV��� � �.}Vy�mon�r   m�z^y¤lXmVrqr�y<{~r�p�t � yNp��qr�{�y
�r�p��^t�p�tX�X��r`i^k�y=k�p � n�i��wm�zVy � iVk�l�i^t�y
td��rÅiVv��   y)�)h)��¹ �motd�qy
t�tXmo�g�Xt�pª���jr�� ��  mVr!r`��y
l¢nqy � i�z^y
nq}@{�p�i�{�y@¶g��0���»mot�{Ok0p � nqi��wm�zVy�r`��p�� ��  ��monqy£t�i¤k�iVnqy?m�z�mops|smVx�|sy£t�i��£�� ��nqiV�Xx�|�yOiVv4x�nqy<mV¯¦p�t��u{�i���t¢iov�k�p � n�i��wm�zVy�r`��p�� �� pst.�   y0�)h)�:¹B�¨motd��y<t�tXm��U��t�p��   m^{   mVl�l�y<t�y<{%p�t � �V�^Á��±�i^n`�q��tXmo��y
|s}��)y � i^��|�{�nqy
l�mopsn¤pª�©xd}�n�y<l�|�m � pst��u��p��  motXio�   y
n�k�p � nqi��)m�z^y£r`��p�� ��  mo���   m��4��psk�yV�:��|ª�   iV�X�  p�v0��0�� p�rNx�nqiV¯^y
t �w�   y²rqmok�y1�b}dl�y1iVv;��0��®{�nqp�z^y
t
x¦} Â � � �!��r�ps�VtXmV|3p�r�t�iOk�iVnqy0m�z�mVp�|�mox�|sy0t�i��£�0��|sr�i
�)y � i^��|s{OtXio� .Xt�{.mot¦} � iVk�lXmVt�p�y�r�l�nqi�z¦ps{�pst��¤�wh)��¹

r�}¦r`��y<k m��0�   mo�;�qp�k�yV��À   y
t��jyO{�y � ps{�y<{@�qi¬r�y<mVn �� v­iVn4mo|���y<n�tXmo��pszVy'��0�� {�y
z¦p � y'mot�{.k�p � n�i��wm�zVy£r���pª� ��  �y<r<�£��tX{1�jy;iVn�{�y
nqy<{.�b�ji � iVk�lXmVt�psy<r���iNlXn�i�{�� � y0���h)��¹N�Vy<t�y
n�m��qiVn v­i^nÅv­������nqyjnqy
lX|sm � y
k�y<t^�3��pª�   �   y)�4�¨Á�)h)�:¹B�¨motd��y<t�tXmo�g��tXpª���
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� ��0�� ��  psl¤{�nqp�z^y
t�x¦} Â � � �!��r`ps�Vt�mo|��wmVr�m�z�mVp�|�mox�|syv­nqiVk ��y<|�i��Xy�¥~k�y
��y
|sp � r � i^k�lXmot¦} 
 � �g�R��|��   iV���   p��t�y<y<{��qi�x�y)m^r�r�y
k;x�|�y�{4��i4m�k�p � n�i��wm�zVy � iVk�l�i^t�y
td�3xd}mV{X{�p�tX�?p�k�l�y<{�mVt � y:k!m�� ��  p�t�� � psn � ��p��<��À   y
tN�jy   m�zVy
��  idr`y<t1mot�iV�   y<n?��0���l�nqi�{�� � �!¶g¼?h)� Â �V�V�4»�lXn�i�z¦p�{¦�y<{�x¦}���y
nqio�qy
¯0§¨t � � 
 ���g���:{�z�motd�qmV�Vy<r�iov½�   mo�)��0�� monqy�   m���l�nqy��¨mok�l�|sp .Xy<n�psr�pstd��y<�Vn�m���y�{'pst�pª�=mVtX{;pª� � mot0iV�����l���� � iVk'x1��i^t�y!r`ps�VtXmV|P�Xl1�qi.�V��¼��!�V�0� {�nqm���xXm � ¯iov=�   yN��0�� psr<�   i��)y
z^y
n����   m��£p��?t�y
y�{%�qi©x�y¤{�nqp�z^y
tx¦} Â �V�#� � �.nqy�v­y<n�y<t � y.pst�l����©r`ps�Vt�mo|�pstXrb�qy<m^{Riov Â �
� �!�V�.ÀÅi.¯^y
y<lu�   y � iVk�lXmo��psx�p�|sp��b}²iVv Â ��� �!�!n�y
v­y
n��y
t � y.pst�l����N��p��   �   y � ��n�nqy
td�N�wh)��¹B�¨motd�qy
t�tXmo�g�Xt�pª���Â �^� � � �@iV����l����%l   mVr�y��U|�i � ¯^y<{�idr � p�|s|�m���i^n@¶&���j¹Å¹ �Â �^���O�b��»4l�nqi�z¦ps{�y<{¬x¦}¬����À ��y ��  t�iV|siV�^}1§¨t � � 
 � �)�)m^rpst^�qn�i�{�� � y<{.m^r��   y;r�iV��n � y'iov Â �^� � � �0r`ps�Vt�mo|g� ��ps�  r�l�y<y<{¢k�p � n�i��wm�zVy�r`��p�� ��  ¶gh$�²hw�¦�U�^ÁVÁ �V» 
 � �U�w�   i^r�y�b}¦l�p � mo|)�qnqmVtXr`p���psiVt���psk�y�p�r � tXr
�j�)m^r0�Xr`y�{~v­i^n��^m����pst����   y � iVk'x¬l���|�r�y<r£pst¬��psk0y¤{�iVk!mopst � �¬y!iVn�{�y
nqy<{�b�)i � i^k�lXmot�psy<r�¶¸��ps�Vp��qmV|�¹ pst�¯.§¨t � �0motX{uhji^r�k�i�0�y
�r�y<mon ��  hjiX�.¹B��{B� 
 Â � �°»���i1m^r�r�y
k;x�|�y��   y � iVk�l�iVt�y<t^��r��iNv­iVn��)h)�:¹B�¨motd��y<t�tXm��U��t�p��<�£�:y<r�p��^t�pst��NiVv=|�i^�Vp �'� p�n��
� �Xpª��r0v­iVn � i^��td��pst�� Â �V�*� � �.r�p��^tXmo|)�qi � iVtd��nqiV|)�   yk�p � n�i��wm�zVy)r`��p�� ��  v­i^n��^mo��pst����   y�l���|�r`yw�qnqmVp�t!pst���psk�y{�i^k�mVp�tN�jy<n�y:k�m^{�y4xd}!y�m �� N� iVk�lXmVt�p�y�r
���=p � ����nqy<rjiov�   y'�)h)�:¹B�¨motd��y<t�tXm��U��t�p��qr�mVn�y?{�psr�l�|�m�}Vy<{�pst .X�V�Xn�y � �

LNA

PCAL
Generator

. . .

. . .

IRM

LO
LO

LO

ref. sig-3
ref. sig-2

ref. sig-1

. . .

H-Maser

LNA:Low Noise Amplifier
IRM:Image Rejection Mixier
LO:Local Oscillator

¿!` ·XO9QoK'_VT�x �oZ8MP`N�b�FyuR&�ot�Y8`NZ*·XQSZXe R¥¯mQSK;�;KF`°È�KFQmMPd�M;L KFeR¥¯U·�K;R*Y_K«Lv`N�­´\µ�¶!�<TsµER&�;Z8y§R�MF�«`ayay Z8L R8Q;M[R°¯fLa^#K}QoKo�;KF`°È�KFQMPd�MPL�KFe ` M�yuR&�ot_K;Yc�³`aLa^U²#^�Z�MFKUR°¯�QSK�¯«KFQSK«W\�;K¼MP` ·XW\Z8y9·_KFW#¬KFQSZ8L K;Yª�Fd�^9d�Y8QSRo·_KFW7eVZ8MFK«Q
T xzW)Y6��Z_Y8`NR¡¯;QSK �FO#K«W\�«dMP` ·XW\Z8y/QSK;�oKF`°È8KoYcZ8L�L�^�K§xzW#L K«W/W)Zm` MzY_R8�³W[�;RXWXÈ8K«QPL K;YUL RecO9y L�` ²\yuK�È&`NY�K;Rj�;^�ZXW#W)KFy M
T}r¡O9y L�` ²\yuKVL R8W)KVM;` ·�W)ZXy5·_KFW#¬KFQSZ8L K;YU�«d ��Z5xzµ�¬°ZXW#L K«W/W)Z8¬ O9W/`aL�Z8QoK�`aWF¤FK;�FL�K;Y!¯;QSR8e®L�R;²R¥¯mL�^�K-QSK;�;K«`°È8KFQmM;d�MPL K«e!T



�X�����U�������	�:��
�
�
 �9Â

¿!` ·XO9QoK0ÆdT �4ZExzµ�¬°Z8W/L�KFW#W\Z8¬ O9W/`aLE²\QSR&Y8O#�;K;Y	�«dVpU` ·�`aL�ZXyµ�`aW9t}�«W)��T � ��²�²#KFQ �	ZXW)YuZsR�MPefR��zKPMFK;Z8QS�;^¢ZsRVT[µ�L YVT
�NµERX�!K«Q ��n!QoKPMv²#Ko�FLv`°È�KFy dVT

�E� Dm"8
2�N�N(��N���9"�4®�_ /(����9"8�N%& )�  ),�$&��
7D 'b¦ �s����\$&
������2� � ���N$*%
¼4nqiV��lO{�y
|�m�} ��  mVnqm � ��y<n�p�r`��p � rjiovÅ�   y£t�y<��|�}¤lXn�i�{�� � y<{�)h)�:¹B�¨motd��y<t�tXmo�g��tXpª��r=mot�{��   y��4�¨Á��b}¦l�y4�)h)��¹1��t�p��monqy � iVk�lXmVn�y�{B�?��k�l�|spª�q�X{�y¤mVtX{%l   mVr�y;iVv � ��  mot�t�y<|iov��wh)��¹�r�p��^tXmo|�y�m ��  pst %��UxXmotX{@mVtX{~�d�UxXmot�{u�jy<n�yk�y<m^r`��nqy<{Ny
z^y
nq}!�b�ji0k�p�t¦���qy<r�x¦}¤��r`pst��!m��)h)��¹u{�y
�
��y � �qp�i^t¤v­��t � ��psiVt�iov �   y��4�g�;�:¹Åº)§=rqmok�l�|sy
n£¶¸�4�g�;§¨t��l����:§¨t^�qy
n�vÂm � y�» 
 � �g�)À   y?|si � mo|½v­nqy<¡d��y<t � }�r`y
����lO��mox�|syiov�z¦p�{�y
i � i^tdz^y
n���y<n?psr0r   i���t~pst�ÀPmVx�|sy Â �¬À   yO�4�UÁ�b}¦l�y!�wh)��¹B�¨motd�qy
t�tXmo�g�Xt�pª���½�   p ��  �)m^r4l�n�i�{�� � y<{1x¦}
�.y<psr�y
p�y<|�y � �qn�p � hjiX� ¹ �q{B�s�wpsr!pstX{�p � mo��y�{¢m^r �O�Ul � mo|g���y<��|�}�mVrqr�y
k'xX|�y�{0�wh)��¹ �UmVt^�qy
t�t�m��U��t�p��qr�monqy�pstX{�p � m����y<{£m^r ���gl � mV|�¶Â�:ps�Vp��qmo|d¹ pst�¯4§¨t � � »£mot�{'h=�gl � mV|X¶ghjidr`k�i
0�y�r`y�mon ��  hji��%¹B��{B� »��²�d�qn�y<t��o�   iov��   y©�)h)�:¹R��i^t�yr�p��^tXmo|j�)m^r�vÂmopsn�|s} ��m��0i�zVy
n?�   y©n�y � y
psz¦p�tX�Ov­n�y�¡^�Xy
t � }n�mot��^yjx�io�   pst�%��UxXmotX{0mot�{0�d�UxXmVtX{B����k�l�|spª�q�X{�y�iov½iov�)h)�:¹%r�p��^tXmo|X{�y���y � �qy<{!��p��   �   y��4�U�£p�tXl����jpstd��y<n`vÂm � y�wmVr?pst@�   y©n�motX�Vy�v­nqiVk � �qi Â ��� v­i^n0mV|�| ��  motXt�y
|��r<� ��t�v­i^n`�q��tXm��qy
|s}N�   y � iVk�lXmVn�p�r`i^t©iVv=�)h)�:¹~r`}�r`��y<k�wmVr£t�iV�;k!mV{�y¤p�t@l�y
n�v­y � � � iVtX{�p���psiVt@pst@�   psr'n�y<l�i^n`���x�y � mV�Xr�y;mo|s|P�   y��)h)�:¹B�¨motd��y<t�tXm��U��t�p��qr:monqy't�iV� � iVk0�lXmVn�y�{~��p��   �   y.rqmok�yNv­nqy<¡d��y<t � }~r�y��!��l ¶ÂÀ3moxX|�y Â »��µ�z^y
t��   i^���   �)�)y � i^��|�{¢r�y
yO�   m��N�   y.�^n�i^��l¢{�y
|�m�}
��  mVnqm � ��y<n�p�r`��p � iVv½�   y��   nqy
y��b}¦l�y<r�iVvB�wh)��¹ �UmVt^�qy
t�t�m��
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�£mVr   psk!m!Áo�o�UkÃmVtd��y
tXtXm!p�r�v­nqiVk � �V�^� � � �£�qi �V�^�V�
� �!�V��À   p�r�v­nqy<¡d��y
t � } � i�zVy<nqmV�Vy4�)m^r�{�y��qy
nqk�p�t�y�{OiVt�   yjxXm^r`p�rPiov�m��Vy
i�{�y
��p � �4¹Åº)§ � iVtX{�� � ��y�{'mVx�i^���Pk�iVnqy�   mot Â �£}Vy�mon�r�mo�^iX� 0�y � y<td��|s};�   y:{�y
k!motX{!��i'nqy � y
pszVy��p�{�y
nPv­n�y�¡d��y
t � } � i�zVy<nqmV�Vy�monqp�r`y�rBv­iVn�mot'p�td��y<n�t�m���psiVt�mo|�:¹Pº)§�y�¥�l�y
nqp�k�y
td�w��i0pst � nqy<m^r`y��   y£m �<� ��n�m � }�iovÅk�y<mo�r���n�y<k�y
td�qr<�;� � ����mo|s|�}¬r`i^k0y�r�y<rqr`psiVtXr4��t�{�y
n��   y�§¨�4�
  m�z^yjmo|snqy<mV{�} � iVtX{�� � �qy<{?��r`pst���m�t�y<�@v­nqy<¡d��y
t � }?mo|s|sio�
� mo��psiVtOiov��   p ��  motO��l�l�y
n�v­n�y�¡^�Xy
t � }NpstO�   y %��gx�motX{p�r¤y�¥�lXmVtX{�y�{��qi   ps�   y<n!v­n�y�¡d��y
t � }��XlR��i �V� �V� � � �y�¥ � y
y<{�p�t��u�   y.��l�l�y
n©|�psk�pª�©iov4�   y � ��nqn�y<t^� %��gx�motX{nqy � y<p�z¦pst��!r`}�r`��y<kCiov��£mVr   psk�m0Áo�V�gkÃmotd��y<t�tXm���§¨tOiVn��
{�y<n'�qi1y�¥�lXmVtX{u�   y©tXiVk�p�t�mo|jv­n�y�¡^�Xy
t � } � i�zVy<nqmV�Vy!iov�£mVr   psk!mNÁo�V�gk mVt^�qy
t�t�m��B�)y   m�z^y ��  y � ¯Vy�{O�   y�l�y
n��v­iVnqk!mot � y£iov'%��gxXmVtX{Onqy � y<p�z¦pst��¤r�}¦r`��y<kÃx¦}�n�y<l�|�m � pst��m;xXmotX{�lXmVrqr .X|ª�qy
nwpstN�   y£{�i���t � iVt¦zVy<n`�qy
n=�Xt�pª���   p �� |sp�k�p��qr��   y   p��   y<r`��v­nqy<¡d��y<t � }�pst.�   y�%��UxXmot�{.n�y � y<p�zd�pst��!r`}�r`��y
kO�
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2½ � 
����X4 �����9"8����$*
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��t %��gx�motX{�nqy � y<p�z¦pst��!r`}�r`��y<k iov��£m^r   psk!m�Áo�o�Uk mVt��
��y<t�tXm � iVtXr�p�rb��rwiov��   nqy
y£nqy � y
pszVy<nqr<���   p ��  mVn�y£t�mok�y<{
%��UtR¶ %��UtXmVn�nqi���»¾� %��g� � ¶&%��U��ps{�y ��p��   »¾�3motX{ %��U��¹¶ %��g��p�{�y�¹Åi���»¾�onqy<r�l�y � �qp�z^y
|s}V��%��U� ��motX{ %��g��¹.r   mVn�ym � iVk�k�iVt~¹ �:� ¶­|si�� t�iVp�r�yNmok�l�|sp .�y
n¾»£motX{unqy � y
pszVy�   y~r�mVk0y � p�n � ��|�mon.l�iV|�monqp��<m��qp�i^t � iVk�l�i^t�y
td���4�   p�|sy
%��Ut�nqy � y<p�z^y<r��   y � p�n � �X|smVn¤l�i^|smVn�p��<mo��psiVt � i^k�l�i^t�y
td�iVlXl�idr`p���y���i;�   mo�)iVv %��U� �«mVtX{�%��g��¹=�¦±XiVnwmot¤y
¥�mok0�l�|syV���   y<t %��U� �~mot�{�%��U��¹!n�y � y<p�z^y��   yjn�ps�   �`�   mVtX{�y<{
� psn � ��|�mon�l�iV|�monqp ��m���psiVtÅ� %��Ut²nqy � y
pszVy<r:�   y�|�y
v°�`�   motX{�y<{iVtXyV�wmotX{�z¦p � y�z^y
n�r�mX��hj�Xn�nqy
td��v­n�y�¡d��y
t � } � i�z^y
n�mo�^yiovjy<m ��  n�y � y
pszVy<n�p�r�r`��k�k!monqp��
y<{1p�t¬ÀPmVx�|sy Â ��±3ps�V��nqyÂ r   i���r'm%k0y�mVr���nqy
k�y
td�?x�|si � ¯u{�psmV�Vn�mokO� �²y   m�zVyk�y<m^r`��nqy<{��   y.v­n�y�¡d��y
t � } ��  mVnqm � ��y<n�p�r`��p � r0iov£r`}�r`��y<k��y<k�l�y<nqmo����nqy:¶¸À ���	� »PmotX{?r�}�rb�qy
k y�¡^�Xp�z�mo|sy
td� �X��¥'{�y<t��
r�pª�b}!¶¸��µ=±��4» v­iVnÅ�   y$%��Ut?nqy � y
pszVy
nÅv­n�i^k � Â �^� � � �j��l��i��V���^��� � �:xd};n�y<l�|�m � pst��?m£x�motX{�l�mVrqr�.X|���y
n4¶Âºw�=±�»���   p ��  psr'p�tXr�y
n���y�{¬x�y
�b�jy<y
t¬�   y©¹ ��� motX{umOk�pª¥�pst��

J#Z_�«y K0_^T�¿�QSK �FO#K«W\�«d��;RoÈ�KFQSZF·�KVR¥¯ �U¬°�oZXW)Y}QSK;�oKF`°È8K«Q;M
T

 ���0��	 �F��� �/������
�������� � ���F���.�����

1 ��5 6+2
� 8)� G 3 G B 8HG 4�B�B
� 8 (�� ��G 4�B 8HG ?�4�B
� 8 (75 G 3 G B 8HG 4�B�B

� psn � ��p��<��m �<� iVn�{�pst�����i%mOv­nqy<¡d��y<t � }1��i%x�y¤k�y<m^r`�Xn�y�{B�pg� y^���wmot � Â �V��� �V�^�V� � � �¤ºw�=±·psr��Xr�y<{�v­i^n0k�y�mVr���n�y
�
k�y
td�qr�x�y
|si�� �^�V�V� � � �@�   ps|syumVt,�d� �V�o� �^���^��� �!�ºw�=±@p�rw�Xr�y<{©v­iVn �^�V�^��� �!�£motX{   ps�   y<n<�
�   y<t�tXiVk�p�t�mo|½v­nqy<¡d��y
t � }¤n�mot��^yV��� Â �V�'�1�V�^�V��� � �^�p�r?nqy � y<p�z^y<{B�3�   yNpstd��y
nqk�y<{�p�m��qy¤v­nqy<¡d��y<t � }R¶­§b±)f Â �^���� � � � �!��»0p�r0v­��n��   y<n0�Xl�� � iVt¦zVy<n`�qy<{~��iuk!m�� ��  ��p��  �   y�pst�l����wv­nqy<¡d��y
t � }�nqmVt��Vy;¶¸�o�^��� Â �V�^� � �!��»=iov �   y�?�����¸�b}¦l�yj���4zdp�{�y<i � iVt¦zVy<n`�qy
nw¶Â���V�:hw»���À   yw§b±OiV�����l�����p�r � iVt�t�y � �qy<{O{�psn�y � ��|s}N��p��   ���^�:hRpstO�   y � mVr�y�iov
  ps�   y<nBv­nqy<¡d��y
t � }��^� �^�)� �^���V� � � �=nqy � y
l��qp�i^t � �:ps{�y<ir�p��^tXmo|�i^����lX���=iov � � � ��xXmVtX{���p�{¦�   p�r�k�y�mVr���n�y�{0xd}�Xr�p�tX�%�   y©l�i��jy<n'k�y��qy
n.¶   l��^Á �V�4» � i^k'x�pst�y�{~��p��  m£l�i��jy<njr�y
tXr�iVn4¶   l �o� �o�^�4»¾� �.y<m^r`��nqy
k�y<t^�j�)m^r�l�y
n��v­iVnqk�y<{Oi^t1�V�Xt�y Â ��� � �V�d�;v­iVn:mVx�i^���:�   iV��n�r<��ÀÅy<k0�l�y
n�m����Xn�y^�   ��k�ps{�p��b}V�dmotX{0l�nqy<rqr���n�ywi^t;�   m��={Xm���y��)y
nqyÂ ����h:�-�V� �N��motX{ Â �V���   ��m���nqy<r�l�y � �qp�z^y
|s}V��À ���	� �)m^rk�y<m^r`��nqy<{Nx¦}¤�Xr�p�t��¤m �:�¸vÂm � ��i^nwk0y
�   i�{B�j¹ y��w�   y£nqmo���psi1iVv��   y©z¦p�{�y
i¬iV���ql����.¶Â������� �V»'�   y
t � iV|�{~|si^m^{@p�r
� i^t�t�y � ��y�{���iN�   y;n�y � y
pszVy<n�mot�{Ozdp�{�y<iNiV����l�����¶Â� ����� »�   y<t?�   y)mVt^�qy
t�t�m�l�iVpst^�qy<{?��i4t�i�n�mV{�psi:r�iV�Xn � y�n�y<�VpsiVtpst%�   y�r�¯¦}.psr � iVt�t�y � �qy<{²x�y � Â ¶ � ������� �V��� ����� »¾�ÅmVtX{�   y:n�m��qp�i0iovP�   y�z¦ps{�y
i0iV���ql����?¶Â������ b»j�   y<t   io��|�idmV{p�r � iVt�t�y � �qy<{¤mVtX{N� ����� x�y � � ¶ � ������ `�o� ����� »���À ���	� p�r�VpszVy<tNx¦}½f

� ���	� � �"!'���$#
% � �&% Â ¶¸�^»

�   y<n�y4À'!@psrwl   }�r�p � mo|���y
k�l�y
n�m��q��n�y4iov   io�w|si^mV{ �¦mVtX{À # psrwl   }�r�p � mo|½�qy
k�l�y<nqmo����nqy�iov � i^|s{©|�idmV{B�
�.y�mVr���n�y�{¤À ���	� p�rwr   i���tNpst©±3p��^��nqy � ¶­��l�l�y
n�l�mot�y<|�»��À ���	� m��=v­n�y�¡^�Xy
t � }'n�mot��^y � Â �^�:���V�^�V��� �!��r   i���r�mo|��k�i^r`� ��mo� ��  mVnqm � ��y<n�p�r`��p � rBmot�{4�   y<p�n�m�zVy<nqmV�Vy��)m^rÅ�oÁ^���À ���	� m��   p��   y
n0v­nqy<¡d��y<t � }@n�mot��^y��^�V�V�%� ���^�V� � �!�r   i���r?mo|�r�i1mo|sk�i^r`�;r�mVk�y ��  mon�m � ��y<n�p�rb�qp � r?mVr;r`y<y
t~pst�   y'|si��jy<n�v­n�y�¡d��y
t � }©x�motX{B� ��i��)y
zVy<n�À ���	� pst � n�y�mVr�y<r��p��   v­n�y�¡d��y
t � }~�   y<t¢p��¤y�¥ � y
y<{Xr����V�^� � � �V�«À   y{�psl�|sy�¥�y
nj�   p ��  psrjl�|�m � y<{¤mo�=�   y:pst�l����wiovB�   y4§b±@mok0�l�|sp .�y
n � mo��r`y�r��   psr�À ���	� p�t � n�y�mVr�y;m^r:{�y�r � n�psx�y<{%|�m��qy
n����µj±3� �)m^r?i^x��qmVp�t�y�{uiVtu�   yNxXm^r`p�r£iVv��   y¤k�y�mVr���n�y
�k�y
td�:iVv=��psnq�Vio�¨�C¶Â�^�N�^}.m�� �©¼��!��»�xd}O�Xr�pst��©m¤v­iV|��
|si���p�t��0y<¡d�Xmo��psiVt �

�)(�� � � �
¶+*,��- �.*,�0/ » � Â ¶Â�d»

�   y<n�y��.p�r �X��¥1{�y
tXr�p��b}.p�t¬�^mVtXr`¯¦}�r<������-¤p�r4n�y � y<p�z^y
niV����l����3l�i��)y
n3iov-+ViVt-+�r`i^��n � yV���1��/�psrPn�y � y<p�z^y
nÅi^����lX���l�i��jy<n)iVv�+Vi � +0r�iV�Xn � yV�
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�.y�mVr���n�y�{!��µ=±��«psrjr   i���t�pstN±3p��^��nqy � ¶­k�p�{�{�|sy�lXmVt��y
|°»¾�«À   y.y
|sy
z�m��qp�i^t¢mVt��V|syOiov4�   y%mVtd��y
tXtXm ��  motX�Vy<{v­nqiVk �o�?{�y<�Vnqy
y<r�¶¸{���nqp�tX�£�   y�k0y�mVr���nqy
k�y
td�qr�v­iVn=|si��w�y
n©v­nqy<¡d��y
t � }RnqmVt��Vy�»��qi¢� � {�y
�^n�y<y<r¬¶°v­i^nN�   y   p��   �y
n:v­nqy<¡d��y
t � }OnqmVt��Vy�»¾� ��i��)y
zVy<n�mot1y
|sy
z�m��qp�i^t1{�y
l�y
t��{�y<t � }.p�r�tXio� � iVnqnqy � �qy<{   y
nqyV� �.y<m^r`�Xn�y�{%��µ=±�� �wmVr
mox�iV��� � Á � �V}¬m��'|si��jy<n£v­nqy<¡d��y
t � }¬nqmVt��Vy^���)�   p��   �y
n�v­n�y�¡d��y
t � }©n�motX�Vy!¶&�d� �V�0� ���d�o��� �!��»¾�B��µj±3� �wmVr
k�y<m^r`��nqy<{!m^r=mVx�i^��� � Á �4�^}�mVtX{!p��jp�rjmV|�k�idrb�jrqmok�y�m^r
|si��jy<n�v­nqy<¡d��y<t � } � r
�£� ���0 psr�mo|�r�iNl�|sio����y<{²pst%�   y0|si��w�y
n:lXmotXy
|3iov�±3p��^��n�y � ���:r:r   i���t.pst.�   y .X�V�Xn�y^��� ���0 {�y � nqy<mVr�y<rw�   y
tOv­nqy<¡d��y
t � }�p�t � n�y�mVr�y<r�mVtX{.mol�lXn�idm ��  �y<r�mV|�k�i^r`� �<y
nqi©mo� / � �V�V� � � �^� 0�mol�p�{%pst � n�y�mVr�y'iovÀ ���	� mot�{���µ=±�� mo�   p��   y
n�v­n�y�¡^�Xy
t � }'nqy
�VpsiVtO¶ / ���^�V�
� �!��»©psr©�   iV���   �©�qi�x�yun�y��Xy � ��y<{��   y�r`y¬��t � y
n��qmVp�tk�y<m^r`��nqy
k�y<t^��r�iov��1���0 ��.hjiVtXr�ps{�y
nqp�t��.¹���� ¶­v­n�i^k �
¼�� �N��l¬��i �%¼�� ��»¾�3§b±«r�y
|sy � ��i^n?motX{umok�l�|sp .Xy
nN¶Â��l��i Â ¼�� ��»��^i^l���p � mV|���n�mot�r`k�p��`��y<n=µ)� � ¶Â��l���i;�£¼��!��»��iVl���p � mo|�nqy � y
pszVy<n � �oµÃ¶Â��lR��i@Á~¼��!��»¾��mVtX{�i^����lX���
mok�l�|sp .Xy
n?mov°��y
n � �oµ´¶Â��l¬��i � ¼�� ��»   m�zVy�r`�54 � p�y<t���'xXmVtX{���p�{¦�  @� i�zVy
n�mo�^yV�Bp��'p�r?r`��r`l�y � ��y<{²�   m��;mOl�i^r`�mok�l�|sp .Xy
n4m�v°��y<n:¹����?��§b±¢mok�l�|sp .Xy<n:mov°��y
n:k�pª¥�y
n��½motX{
{�psl�|sy�¥�y
n4m�v°��y<n:§b±RmVk0lX|�p .Xy
n4k!m�}©tXio�   m�zVy?r��54 � psy
td�xXmVtX{���ps{¦�  .� i�zVy<nqmV�Vy^�
�¬y   m�z^y��   y<n�y
v­iVnqy¤k�y<mVr���nqy<{¬v­nqy<¡d��y<t � } ��  mon�m � ��y<n`�p�rb�qp � r�iov��   y<r�y � iVk�l�i^t�y
td��r�mot�{�v­iV��tX{.�   mo���   y'v­n�y
�¡d��y
t � } ��  mon�m � �qy
nqpsr`��p � r3iVv��   y�{�psl�|sy�¥�y
n�p�r�pstXr��54 � psy
td�mVrPr   i���t4pst'±3ps�V��nqy=Á��PÀ   y=�dmopst£iov¦�   yjl�idrb�3mok�l�|sp .Xy<np�r4mVx�i^��� � �N{Xº motX{²r   i���r4mo|sk�i^r`� ��m�� ��  mon�m � ��y
nqp�rb���p � r�mo�Pv­nqy<¡d��y<t � psy<rÅv­n�i^k � Â �V� � �!�w��l?�qi �^���V�!� � �^�À   y;�^mopst%iVv��   y0§b±�mok�l�|sp .�y
n�{�y � n�y�mVr�y<r�x¦}.mox�iV��� �{�º m�� �V� Â � � �¤�   p ��  p�r?y<¡d��psz�mo|sy
td�£��i � �o� Â � �!�pstOr�¯¦}¤v­nqy<¡d��y<t � }©�   p ��  p�r�nqy<¡d��psn�y�{©x¦}!v­nqy<¡d��y � }©y�¥¦�lXmVtX{�y<{Oy
¥�l�y<n�psk�y
td�qr<��À   y;{�psl�|sy�¥�y
n:r   i���r�|�i��w�UlXmVrqr
.X|���y<n ��  mon�m � ��y<n�p�rb�qp � r3��pª�   m � �����gi � v­nqy<¡d��y
t � }'iVv �V�o�
� �!� � i^n�nqy<r�l�iVtX{�pst��O�qi ���^ÁV� � �!�Npst�r�¯¦}1v­nqy<¡d��y<t��
� }^��À   y'm�����y<td��m���psiVt%mo� �V� Â � � � � iVnqnqy<r�l�i^tX{�pst��0��i
���V� Â � � ��p�t�r`¯¦}Ov­nqy<¡d��y
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v­iVn��:¹Åº)§   m^r�{�y
z^y
|siVl�y<{B�)§¨tO�   y'|sp�x�n�monq}V��{�m���m0v­n�i^k
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n �X};i^l�y<nqmo��psiVtXr�pst0�   y:±3±�À
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Example:K5 4ch/2bit data stream


ch1
 ch2
 ch3
 ch4
 ch1
 ch2
 ch3
 ch4
 ch1
 ch2
 ch3
 ch4


1byte
 1byte
 1byte


t=0
 t=1
 t=2


time


ch1
 ch2
 ch3
 ch4
 ch2
 ch3
 ch4
 ch2
 ch3
 ch4


t=0
 t=1
 t=2


time

ch1
 ch1


t0
 t1
 t2
 t3
 t5
 t6
 t7
 t9
 t10
t4
 t8


2nd FFT

for ch2


extract ch2

2bit -> floating-point conversion


FFT

 input ch


Redundant memory access

(In recent x86-CPU,a minimum unit of data transfer between L1-

cache and L2-cache is 64-byte.)


ch1
 ch2
 ch3
 ch4
 ch2
 ch3
 ch4
 ch2
 ch3
 ch4


1byte
 1byte
 1byte


t=0
 t=1
 t=2


time

ch1
 ch1


t0
 t1
 t2
 t3
 t5
 t6
 t7
 t9
 t10
t4
 t8


FFT-input Floating-point
 array


1st FFT

for ch1


extract ch1

2bit -> floating-point conversion


FFT

 input ch


FFTs with exisiting library


floating-point conversion with

1byte to 4 floating-points table


float table[256][4]


ch1
 ch2
 ch3
 ch4
 ch2
 ch3
 ch4
 ch2
 ch3
 ch4


1byte
 1byte
 1byte


t=0
 t=1
 t=2


time

ch1
 ch1


t0

ch1


t0

ch2


t0

ch3


t0

ch4


t1

ch2


t1

ch3


t1

ch4


t2

ch2


t2

ch3


t1

ch1


t2

ch1


4-ch pararell FFT

floating-point

input 
array


Pararell

4-ch

FFT


FFT

 input


ch


t2

ch4


Sequential memory access !


4-ch Parallel FFT method
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