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K LNMPORQ�SUT#VPWYX
Z\[�]_^a`b^c[�dfe#ghgi[j^agi]bkjk�elgnmog2mhpbe�df[�qrqr[tsauwvbkP`b^hex`_y�^hyzmcur[�v�gnmh^hyzmcexkjuwelgx{

|~} p_e�`b^c[j�bqrex��g�uwv�mcpbu�g�gce	m�gcpb[�]bq����5e��J[Byz�bqreP�B����[�]�uwv�y��5[j]Jm��#������uwv�]Jmhe#gmh[zmoyzq+�Jmcur��e���[�]_^hgcexqwdn�
|~} p_e�v�]b���5e#^P[�d���uwv�]Jmhe#gP��[j]�y�^ce�e	�J`5el�:mhe#��mh[�]5gie�`5e#^�`b^c[j�bqrex��urgP`%[jgimcel�
v_e	��mamc[�uwm���mh[Purv_�Ju��xyzmce�mhpbe��Juw���x]bqwmn�Nqrex��e#q��	�

|~� ^hyj�:mhur�xe�sa^huwmcurvbk�vbe#yzm��	qre#y�v�yzv_gcs�e#^hg#�zgcuwv_�xeau�d@mhpbe�k�^oy��bex^\�xy�vbvb[�m6]_v_�Jex^ogimhyzv5��j[�]�[�v�mcpbe�^he#y�q�e	�byz� �Juwm�sauwqrq�kj[P�5y��Jqr��df[�^a�j[�]��
|¢¡ pb[ts£��[�]_^as�[j^c¤@�buwd¥��[�]=y�^ce�kj]be#ghgiurvbk�mhpbe�k�^oy��bex^asaurqwqFvb[zm�kjuw�je���]_�op=�x^cel�Ju�m�¦ex�jexv u�d6��[j]�kje	maqr]_�o¤��Nyzv_��k�]_e#ghgH^curk�pBmo�	�
|~§ e	¨5vbe��j[�]b^\v_[zmhyzmcur[�v��¦��[�]��#yzv�]_gceamhy��bqre#g\qrur¤�eamhpbe�qre#�:mh]b^he�vb[zmhe#g2u�d��j[�]�qwur¤�e>�:�
|¢¡ e	mH]b`�mcp_e©gc[�qr]Jmcur[�v�gc�����%[�qrur�#yzqrqw��yzv_�Ngiur��`bqwuwdf���5exdf[�^he�`bqr]bk�kjuwv_k�v�]b���%ex^og2urv��uwm�u�gae#yjgiurex^�mc[�df[jqwqr[tsªdf[j^Hmcpbe�kj^hyj�Jex^l�
|~} p_e#gce�ex�Jex^o�	u�gielg�y�^ce���e#y�vjmHmh[P�%e��J[jvbe�yzqr[�vbe�sau�mhp=yzv�[�`%exv��5[�[�¤�yzv_��vb[zmhe#gy�v_� y��xyzq��	]_qryzmc[�^l�
| Z\[j]=�xyzv�gi[jqw�je©`_^c[j�bqwe#��gH[�]Jma[zdY[�^o�Jex^l���b]Jm�¤jexex`�mcp_e�s�[j^c¤Pdf[�^aely��op�`b^h[��bqrex�urv [�vbe�`bq�y��xe��_y�v_����y�^c¤Nu�m��xqwelyz^hqw�j�
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« ¬®­ QU¯±°¥M�²=³	Q©ORX
�j��´�µ�´¶�n�#�P·=urv�]Jmcelgh�	{2¸�uw�jexv y�kjexvbe#^hyzmc[j^�`%[�qr��vb[���u�yzq�¹��fº@�2»ªº%¼\½¾º�½¿��yzv5�
yP��e#ghghyzk�e�df^oyz��e��#�_�����l�b�Bsap_ytmau�gHmcp_e��	[�^h^he#gc`5[jv_�Jurvbk�´�µ�´HÀ

} pbe��bu�m�gnmh^curvbk��x[�^h^celgi`%[�v_�buwvbk�mh[�mcp_e��	[�ex���xuwe#vBmhg�[�d2¹��fº@�au�g©¹±»���j���%yzv_� mhpbeP�Pelgcghyzkje�df^oyz��e�kje	mhg�Á��buwmhg�yz`_`5e#v_�Je#���f�%e#�#yz]_gce�mhpbe
�Je#k�^hexe6[zdb¹��fº@�@u�gÂÁ��	�lgc[Hmcpbe�yz]bkj�Pe#vBmce#����e#ghghyzk�e6u�gÂÃÄ»¶�#�_���j�#���j�b�
Å0e��	[j��`b]Jmce2mcpbe�^ce#��yzurv_�Jex^F[zd_�Jur��urgcur[�v�[zd_¹¿urvBmc[�Ã�]5giurvbk���[J�J]bqr[
ÁPyz^hu�mhpb��e	mhur��yjg�df[�qrqw[ts�g#{
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È�ÈBÈ�ÈÆlÇ@Æ
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ÈBÈ�È�ÈÆ>Ç@Æ
Æ�Æ�Æ
È�È�È�ÈÆ>Ç�Ç
Æ�Æ�Æ
È�È�ÈBÈÆ�ÆlÇ
Æ�ÆBÆ
È�ÈBÈÇ@Æ>ÇÍÌ È�ÎbÏ�Ð_Ï�Ñ3Ò%ÓlÔ@ÓtÒJÕ�Ö_Õb×�Ø�Ù@Ú�ÕªÏjÛªÜ@Ó>ÝBÜ3ÏjÞJÒJÕ�Þ Ç Ö�Ó>Ñ
È�È�ÈÆ>ÇÍÌ È�ßbÕ>à@Ø5Ó#ÐbÒJÕjÞâácãBßJã¿ÖJäÍÒJÕBÛ%ÓlÐ@Ó>Ñ@ÓzÏ�ÐHåoæ

yzv5�Ns�e�gie#e�[�]b^a^hex��yzurv_�Je#^Hurg�Á��i�#�Puwv �_yjgie�Á��:�
Áb� ¡ uwkjv_yzq � ^c[J�	elgcgcurvbk��i�lçP·=urv�]Jmcelgh�	{

�,yj� ¡ ]b`_`5[Bgie�y giurk�v5yzq¥p_yjg�y gimc^hexvbk�mcp0[zd��#������uwqrqruwsHytmcmhg�y�v_��p5y�gP�#����uwqrqru�èsHytmimogH[zd6vb[�u�gce��Jsap_yzmHu�gHmhpbe�giurk�v5yzq%mc[�vb[jurgce�^hyzmcur[��+çP��uwv�]Jmhe#go�iÀ
éb^h[��®[j]b^�qre#�	mc]b^he�v_[zmcelg2s�e�kje	m�mcpbe©df[�^h��]bq�y�¨_^agcuwkjv_yzq_mc[�vb[�u�gie
^oytmcur[�urv��+Á���yzv_��gi]_�_gnmhu�mh]Jmce�mhpbe©kjuw�jexvNgcurk�v_y�q%gimc^hexvbk�mcp�uwvNdf[�^aê
yzv5�Nmhpbe�vb[jurgce�gnmh^ce#vbkzmhp�urv�df[�^�ëËyzv_� gc[�qr��e�{

¡Jì µ » �#�¥qr[�kBínî êëðïBñ �n�l�
» �#�¥qr[�kBínî �l���z��Å�l�z��ÅòïBñ �,Á��
» �#�_�¦qw[jk ínî �#�B� ïBñ »¶�i�#��ó0�l� ïBñ »¶�#� ïBñ �¦ôj�
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�f�5� ¡ ]b`_`5[Bgie�y �¦�x[���`bqre	�_��giurk�v5yzq+�_êa�fõi��u�g��Jex¨_vbe#� yjgx{
êa�¦õi�\»ðö í ó�gcurvÂ�fõi�Â½¢ö ¼ ó giurvÂ�,÷zõi�Â½¢ö	ø�ó giurvÂ�n�j�xõi� �fùB�

sapbe#^ce�õ�urg�mhuw��e���e#yjgi]b^he#��urv gce#�x[�v_�_gx�
u,�HÅªp_yzm�urgHmhpbe�df]bv_�_yz��exvBmhy�q@df^celúB]bexv_�x��[zd\êa�¦õi���,ç���uwv�]Jmhe#go�iÀ

} pbe�df]bv5�byz��exvBmoyzq@df^he#úB]bexv5�	��u�g�mcpbe�df^he#úB]be#v_�	��[�dÂmcp_e��	[��Pè`bqre	��s�y>�je�df[�^h� �¥µae#�#yzqrq5mhp_ytmHmhpbe�`5e#^cur[J���f���N�be	¨_vbuwmcur[�v%�2u�g
pb[ts3qr[�vbk�uwm�moyz¤�elg�y�`%ex^huw[J�Ju���df]bv_�	mcur[�v mh[��5e#k�urv=^ce#`5elytmhuwvbk
uwmhgcexqwdn��û�exdf[�^he�gc[�qr��uwv_k_�b^he#�#yzqrq@mcp_yzm�mcpbe�df]_v_�:mhuw[jv�giurvaõHp_y�gay
`%ex^huw[J��[�dÂÁtü¥� } pbe�df]_v_�:mhuw[jvNgiurvÂ�+ý�õi�:�Bsapbex^he©ý�þ»
��urg�y��x[�vJègimhy�vjml���xyzv��5ePgipb[tsav í mc[�p_y>��e�y�`5e#^cur[J��[�d ¼cÿ� � } pbex^he	df[j^cemhpbe�`5e#^cur[J�bga[�dÂmcp_e��	[���`%[�vbe#vBmhgayz^he�{
| ö í gcuwvaõ�p_yjgH`5e#^cur[J��Ázü0gce#�x[�v_�bg#�
| ö ¼ gcuwvF�¦÷zõi��p5y�gH`%ex^huw[J� ¼cÿ� gce#�	[jv_�bg#�| ö ø gcuwvF�n���#õi��p_y�gH`%ex^hur[�� ¼hÿící gce#�x[�v_�_gx�
� v_�¢s�e=�xy�v�gcexe�mcp_yzmPmhpbe�df]bv_�:mhuw[jv�saurqrqa^ce#`5elytm�u�mogie#q�d�ytd�è
mhex^�Átü�giel�	[�v5�bgx� ¡ uwv5�	ePdf^celúB]bexv_�x�=urg�mhpbe�^cel�	ur`b^h[��#yzqY[zd�mcpbe`%ex^huw[J�¾�f���N�be	¨_vbuwmcur[�v%�:�bmhpbe�df]bv_�_yz��exvBmhy�q@df^celúB]bexv_�x�Nu�g í¼cÿ �uwu+�aÅªp_yzmNurg�mcpbe��Purvbur��]b� df^he#úB]bexv5�	�¢[�d�gcy��P`_qwurvbk�vbe#e#�Jel�¢mh[¢y��#�	]Jè

^oytmce#qw�N^cel�	[�v5gnmh^c]_�	maê��fõi���,çP��urv�]Jmcelgh�cÀ
} pbe���urvbuw��]b�)df^he#úB]be#v_�	��[zd�ghyz��`bqrurvbk�^he#úB]bur^he#�=df[j^�y��#�	]Jè
^oy��x�¢u�g��Je	¨5vbe#�¿���~mhpbe�ghyz��`bqruwv_k¾df^celúj]_exv_�x�~mc[��%e=mnsau��	e
yjg�d¦yjgnm�y�g�mhpbe�df^celúj]_exv_�x��[zd�mhpbe pbuwkjpbe#gimPdf^celúj]_exv_�x�~�	[��Pè
`%[�vbe#vBm#� ¡ uwv5�	e�df^he#úB]be#v_�	��urg�mhpbe�^he#�xuw`b^h[J�xy�q¥[zd�mcpbe�`%ex^hur[���¦�B���Jex¨_vbuwmcur[�v5�	��mhpbeapburk�pbelgnm\df^he#úB]be#v_�	�P�	[j�P`%[�v_exvBm\p_y�g¥mcpbe
gc��yzqrqwelgnm�`%ex^huw[J����éb^h[���mhpbe�gc[�qr]Jmcur[�v�mh[NÁb�f�%� u�s�e�¨_v_��mhp_ytm
mhpbe=gi��yzqrqre#gimP`%ex^huw[J�¢[zd�y�v��¾�x[���`%[�vbe#vjm�u�g ¼cÿíhí �	�J�	qre#gP`%ex^
gce#�x[�v_���Yyzv_��mhp_ytm��x[���`5[jvbexvBm�p_yjg�mcpbe�p_uwkjpbe#gim�df^celúj]_exv_�x���íhí
¼hÿ � } p_e=�Purvbur��]b� ghyz��`bqruwvbk¾df^he#úB]be#v_�	�¢urg�mhpbex^he	df[j^ce íhíÿghyz��`bqre#gH`%ex^�gce#�x[�v_���

ô_��� vbdf[�^h��yzmcur[�v } p_ex[�^h���n�lç�·=urvB]bmce#go�:{ ¡ ]b`b`%[jgce2mhp_ytm6yzv�urvJdf[j^c��ytmhuw[jv�qruwvb¤�mh^hy�v_gnè��uwmhg�y�ù��bu�m���e#ghghyzk�elg��,ô��bu�mog�[zd�]_gie#^��bytmoy�y�v_��y0�P�bu�m�pbely��Je#^o�	� ¡ ]_`b`5[Bgiemhp_ytm�mhpbe�pbely��Je#^�y�qwsHy>�Jg©�x[�vBmhy�uwv5g�mcpbe��tyzqr]be�[zd����Ây�v_��e#y��op0�buwm�[zd�mcpbe�]_gcex^
�_ytmhy�p_y�g�y�`b^h[��_y��burqwuwmn��[�d���� ç�[zd��%exurvbk�gce	m�mc[��j�6Åªp_ytm�urg\mcpbe�exvBmc^h[�`���[zd�mcp_urg
qrurvb¤bÀ

��exm�mcpbe �buwmNgnmh^curvbk0[zd©mcpbe=��e#ghghyzk�e��5e ñ »	� î�
 � í�
 � ¼ 
 �:ø���é_^c[j�[�]_^�k�ur��exvÂ�Fy�ghgc]b��e�mcp_yzm
� î » ��yzqrsHy>��g�y�v_�¾�Je	¨_v_e�mcpbe�v_[zmhyzmcur[�v
��� » � ^c[j��� � � »¶���Ydf[j^��������3ô_� } pbe�e#vBmc^h[�`���[�d\mcp_e��+mhp��buwm�urvmcp_e��Pelgcghyzkje©u�gHmhpbexv�{

�~��� � �2»�� ��� qr[�k ¼ ��� ½
�n��� ��� ��qr[�k ¼ �n� � �!� � �,çj�
"$#&%('*),+.-0/21435)0687$),3:9<;=357$1$>@?�6�/�' A5B=)06C62;=35DE6�F514%G),B=B=)IHJ;=35D5K!LM),35N2;=>51$/�62FO1P7Q-0N�1RHJF51$/�1RS ;=NJTOK�UJFO19,-0B=+O1P)0%�6�F51RA�-0/V-0W�1X6�1$/J6�)E62FO1PN�;=351Y%G+5357X62;=),3�H8;=B=B�9,-0/C'.T�6�;=W�1$N�Z<+5;=72[,1Q/Q?�N2)E6�F51RA�1$/2;=):>�H\),+5B=>�]�1

^ K!_`]5N�1$/�9*1Y6�F�-a6J; 6JHM),/2[:N�%G),/\62FO1P7Q-0N�1YH8FO1Q/�1RSEbdcY6�):)5K
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éb^h[��âmcpbe��Jex¨_vbuwmcur[�v [zd6exvBmh^c[j`B�j�Bmcpbe�e#vjmh^c[j`���[zdYmcpbe���e#ghghyzk�e�u�gx{

� » �
ø
e
�gf î
� ��� qr[�k ¼ ��� ½
�n��� ��� ��qr[�k ¼ �n� � �!� �V� ��hj�

» �i�r� � î qw[jk ¼ � î ½
�n��� � î �Jqw[jk ¼ �n��� � î �c�Â½
� � í qw[jk ¼ � í ½ð�i��� � í ��qr[�k ¼ �i��� � í �c�Â½� � ¼ qr[�k ¼ � ¼ ½
�n� � � ¼ ��qr[�k ¼ �n��� � ¼ �i�Â½
� � ø�qr[�k ¼ � ø2½
�n�j� � øl��qr[�k ¼ �n�j� � øl�i�X�£�Vkz�
» �i�r�¦�¥qr[�k ¼ ��½ð��qw[jk ¼ �>��½ð�
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» �i�r�¦��½¢�j��½
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Á �
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Á �X� �,÷j�

» �i� �m�����������*�@»ðô �n�l�j�
� v��xyjgieP��[j]0y�^ce��	]b^hur[�]_g#�������Jex¨_vbuwmcur[�vª�¦y�v_��]5giurvbk�gc]b�_gimcuwmc]Jmhuw[jv5�
mcp_e�`5e#^a�bu�m©exvBmc^h[�`���u�g�mcpbe#v øn �

ù5��´�p5yzvbvbe#q � ex^cdf[�^h��yzv_�xe � v_y�qw�Jgcurg��i�lç��Purv�]Jmcelgh�	{ ¡ ]b`b`%[jgce©mcp_yzmayPghytmce#qwqruwmce�p_y�g�l����kjuwkByz�buwmhga`%ex^©giel�	[�v5� [zd¥�_yzv5��sau���mhp��%y�v_� u�g�ùj�j���j��¤�urqw[j�Pexmce#^hgHdf^h[�� mns�[
kj^c[j]bv_��gnmoytmcur[�v5gx� � gcgc]b��e�mcp_yzmPmhpbe=giurk�v5yzq�g�mh^hy�v_gi��uwmimhe#�¢mc[¾yzv_�¢df^c[j��mcpbe
ghytmhexqrqwuwmce�mh^hy>�jexq�ytm�yz`_`b^c[>�Jur��ytmce#qw��mhpbe�gi`%exel��[zdFqrurk�pBm��¦yz�%[�]bmaôj���j������¤�uwqr[���e	è
mhex^og\`%ex^�giel�	[�v5�_�:�Yo�[ts�qw[jvbk�saurqwq5u�m2mhyz¤jeHmc[�gcexv5� �a¤Burqr[����Bmce�[�d@�byzmhy�df^h[��±[�vbe
gimhyzmcur[�v�mc[�mhpbe�[zmhpbex^:À

§ ^hy>saurvbk�y©`bu��:mc]_^ce�urg6y�`%[ts�ex^cdf]bqB�be#gcuwkjv�mc[�[�q+�>��[j]�`b^h[��_y��bqw��gcpb[�]_qr�p_y>�je©�J^oy>savN[jvbe©qr[�[�¤�urvbk�qrur¤�e�éFurk�]_^ceP��� � gcgc]b��uwv_k�mhp_ytmHmcp_e�ghytmhexqwè

Ground Stations

Earth
(You are Here!)

Sender
Receiver

Satellite

40,000 km 40,000 km

éYurk�]b^he���{ } pbe�gc��gimce#��urv � ^h[��bqrex��ù

qru�mhe��bgcexv_�Je#^�y�v_��^he#�xexur��e#^2p_y>�je�vbe#k�qruwkjuw�bqre�[t�jex^hpbe#yj���zmhpbe©mc^oyzv_gc��urgiè

ù



gcuw[jvNmhuw��e�df^h[��âe#v_��mc[�exv5��u�g�mcp_exv�{

} ^hy�v_gi��u�gcgcur[�v } ur��e » } ur��e�[zd¥éFqrurk�pBmY½ ·�e#ghgcy�k�e ¡ uGp#eûHy�v_�Jsau���mcp �n�j�l�

} ur��e�[zd6éFqrurk�pBm » } ^oyzvb��u�gcgcuw[jv § urgimhy�v_�	e
¡ uwkjv_yzq\q¥e#qw[J�	uwmn� �n�>Á��

» ÁPó�ùj���j����¤B�
ôj���j������¤���rtgce#�ts �(� Á�h@kzgiel� �n�lôj�

} ^hy�v_gi��u�gcgcur[�v } ur��e » �(� Á�h@kzgiel�6½ �#�BÁtù����Bmcelg�óvuIw:x yCzw0{,yC|í îhî�}_ínîa~ w:x yCzz�|X�
�n�#ùB�

» �(� Á�h@kzgiel�6½¢��� ���j�����j����lb�#÷BÁzgce#� �n�>ç��
» �(� Á�h@kzgiel� �n�Ohj�

çb�j�©�jex^hpbe#yj�Ny�v_yzqr�Jgiu�g��n�#��·=urv�]Jmcelgh�	{
�,yj� ¡ ]b`_`5[Bgie�mcp_yzmHy�`_y��o¤je	m��#yzv�p_[�q��=�xù@lzù����Bmcelg2[�d�]_gie#^��_ytmhy�yzv_��p_y�g�y��Oh���Bmce�pbe#yj�Jex^l�6Åªp_ytm�u�gHmhpbe�pbe#yj�Jex^a[t�jex^hpbe#yj���,çP��urv�]Jmcelgh�cÀ

} pbe=�Jex¨_vbuwmcur[�v¿[zd�p_e#y��bex^�[t��e#^cp_e#y���y�v_��gi]b�5gnmhu�mh]Jmcur[�v¿[zd�[�]b^k�ur��e#v_gH��uwe#qr�_gx{

o�ely��Je#^��©��e#^cpbely���» o�e#yj�Jex^ ¡ ugpxe
o�e#y��bex^ ¡ ugpxe�½���gcex^ § ytmoy »

�<h
�Oha½ð�xù@lzù »

�<h
�>çz�j� s ��� �b�l�@k��n�5k��

�f�5���7d�mhpbe � } · df[�^h]b��p_yj�¢y��b[�`Jmhe#��h�ù����Bmce �	exqrq�gx�¥sap_yzmPs�[�]_qr�~mcpbe�mcpbe
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