
���������	��

�����������
��� �

��� � � ����
 � �"! �$#
% ! ��&	���('*)+&,#-�

.0/2143�546478/:9�38;21=<?>@6A1CB2D�/
5FE438GH6AI
JLKM/ONPI(14QR<4I(QS/2141AT(I(QU54D�T(VWT(<4I(1O9�I(Q

XZY8[]\-YM^_\FY8[-`�\-Y�a8bdceY8\�f
gihkjml nmoMpqbda�Y8\FY8[-`�\-Y�a8bdceY8\sr,tvu-wyxFzH\]jml nmo|{~}-Y8[]\-YA��}8��ld���m\�Y��"�"Y�c_���m\��"n�nmbd�"pq\|l �
Y8[-`�\-Y�a8bdceY8\�bd��pqbd�mo4\-n"Y8\-�yc_o�a�Y8\-Y8\-��}���ld���m\�`"Y8bd�yY�l ����\�zH\-^e`"�"c�x��*\F`�ldoM��\-a�a�Y8\�j���\]o8`�ld}]\�jml nmoA^_\�nmbd��j"\
pqbyo
Y8[-`�\-Y�a8bdceY8\]o|x

� � ;O6�D�Q~��;
5?T�D�/
9$38;214QSQ�6AD�7�I(QSI(1�9$38I�D�QSIW9�Q�6AD�78I(Q�V�E4/�� 14I(Q�<4I¡V~/
D�/2V¢9$£�D�I(Q
¤�¥@¤ ¦�§�¨(§ª©d§�«¢¬�­�®i¯"°ª§@±i§@­�¬i¬i­
²�c

n
\-a

m
o8bdn�a*j"\-��³´\-n�a�c_\-Y8o|{

n µW¶,· m
Y8\-n�pqbdc_\A^_\¸nmbd���"Y8\4j"\H¹ºbdc_oO���»� ce^¢¼sl

m
jml nmo

n
x�½�³"\-��`"^_\y¾�h�j�cep´¿

Y8\-n�pqbdc_\4À�{mÁ�j�cepsh4Y8\-n�pqbdc_\A¿�xexex

¤�¥,Â ÃL­�©�Äy­Å±i­�°@ÆÇ±i§�¨È§@©d§�«¢¬�­�®i¯"°ª§@±Z§�­�¬Z¬È­
²�c

n
\-a

m
o8bdn�a�j"\-��³´\-n�a�c_\-Y8ov{

n ÉËÊ�µ m
Y8\-n�pqbdc_\A^_\MY8\]o�a8\Aj"\M^Ìl�j�cepÍc_o�c_bdn»x
½�³"\-��`"^_\y¾
h���bÍjÎ¿FY8\-n�pqbdc_\4h�{�Á

��bÍjkhFY8\-n�pqbdc_\4À�{m¿4��b�j´h4Y8\-n�pqbdc_\�Ï�xexex
zH\*¹�ldÐ]bdnk�q[-nm[-Y�l ^_\y{

n = (n
j�cep

m) ∗ m + (n
��b�j

m)

¤�¥,Ñ Ò�«¢¬Z¯�Æ�ÄdÓ$¬ÈÆ�Äq§�«¢¬Ô±È­Õ¯�ÖÈÆ�×ª¬i­�©´±i­Å¯�Æ�ØqÆ�¯ÍÄyÙmØq­�©
²�c"o|Ïy¾ÛÚ4� a8bda8b"�y\-aÈo�h�¾ÛÚ4� a�l a�l��yo8bdn�aÈj"\]o(}8��l�Ü_nm\]oÈj"\:}|l Y�ld}-a8Ý-Y8\]o|{�o|ÏvÞ*o�h�Y8\-n�pqbdc_\:^ÌlH}���l�Ü_nm\
j"\
}|l Y�ld}-a8Ý-Y8\¸� a8bda8bda�l a�l��
\-a2o�hqÞ*o|ÏMY8\-n�pqbdc_\�� a�l a�l a8bda8b"�ex

ß .0/O1A3�5F6478/:9$38;O1à<�>�641CB
D�/
5FEA38GH64I
á pq\]}�^_\�â�}8�"c_\-YF¹ºbd�"Y�n"c�{�a�Y�ld}]\-YF^Ìls¹ºbdnm}-a�c_bdn

sin(x)
o8�"YA^_\��yY�l `"�"c_���m\�¹ºbd�"Y�n"c�xLã»\?`"Y8bd�yY�l ����\?}]bdn�a�c_\-n�a�j"\]o

}]bd����\-n�a�l ceY8\]ov{�^ec_o8\-Y�ä�^_\]o�å(æ�l�ç�bd�"a8\-YO\-nmo��"cea8\¸^ÌlA¹ºbdnm}-a�c_bdn
2 ∗ cos(x)

jml nmoO�"nm\�l �"a�Y8\M}]bd�"^_\-�"Y|x

è J�K¸/�NPI(1AQS<4I(QR/2141AT(QU54D�T(V~T(<4I(1�9$I(Q
Ñ�¥@¤ é*Æ�êZ°�­�±È­Õëì®Z°ºÄq§�í�°@§ª¯�Æ$Äq§@«¢¬î­"ÄÎ±È­�í�®i§@©d© Æ�¬i¯�­
½(n4�"a�ce^ec_o�l n�aW�"nFbd��ç�\-aW½Èj�cea|{yj"\-��³�bd��ç�\-a8oWï:bd�"a�a8bdn�ð�ñ��"cea�a8\-Y(\-a(X:l ^_}-�"^_\-Y+ò»\-aW�"nAóô\-��b"{d[]}-Y�ceY8\i�"n4`"Y8bd�yY�l ����\
���"c(l�õ�}��m\�jml nmo*^_\4óô\-��b?^Ìl�a�l �"^_\4j"\4�A�"^ea�ce`"^ec_}|l a�c_bdn�\-a+ö bd��j"\4`"�"c_o8o�l nm}]\Fj"\4^���\-n�a�c_\-Y¸Y8\-n�a�Y8[�jml nmoH^���bd��ç�\-a
½Èj�cea|xZ÷�n´�"a�ce^ec_o8\-Y�lF�"nm\¸��bd�m}-^_\yx

Ñ�¥,Â Ò�Æ�°@¯"®Z°�­"ÄdÄy­�Öi«»ØqÆ�§�Ø�­
½(nR�"a�ce^ec_o�l n�aÎj"\-��³Rbd��ç�\-a8o´½Èj�cea|{Hj"\-��³Ubd��ç�\-a8okï:bd�"a�a8bdnøð�ñ��"cea�a8\-Y´\-aÎX:l ^_}-�"^_\-Y+ò�\-as�"n�óÎ\-��b"{H[]}-Y�ceY8\L�"n
`"Y8bd�yY�l ����\?���"cZ^ecea�^_\]oMa8\-��`moAY8\-n�a�Y8[]o4jml nmoA^_\]oAbd��ç�\-a8o�½Èj�cea4\-aA���"c�l�õ�}��m\�jml nmo�^_\�óô\-��bk^Ìlko�bd����\�j"\]o
j"\-��³�xZ÷�ns`"Y8\-nmj�Y�l�`�bd�"Y
^_\]o
a8\-��`mo2^_\*¹ºbdY���l aOo��"cepyl n�a|¾�ù+Ïv÷��Îú ��cen�û�x

Ï



ü�ý,ü þ�ÿ��������	��
�����
�����
�
�������������
���������� �!���
"�#	#�$�%'&�(*)+)-,/.10�(*)2%435)2(6,87 3:9;#<7=)-,/.?>@3:AB3:&�95)DC�E�)�0�FG(DHD)2.19:E�3JI!%LK2%L)�MONQP�)2%40�95)-,6>�)�#�$�%R&�(*)-,S0�(*)2%435)2(*,8T
H�UWV@UWX@UWY@U[ZBU:H�H\M:M:M
N]# E�./3:9:35,^FG#�.6E�#_$�&@`a)2.?N�>@3:.8Ub>�)2E@P	$�&@`/)2.*,1cd$�E�./.*$�#fe!g�E�3:./.*)2(6)2.6hdFG95i2E�95)2(kjl)2.1E�#_m�)2%L$�U�n-i2(/3:(*)�E�#

0�(*$�o�(^FG%4%L)RC�E�3�F�p\i*q�)'>�FG#�,r95)sm�)2%L$L,/3t95)u#�$�%'&�(*)s(*)2#�./(*nR>�FG#�,v9!7=$�&@`/)2.wN�>@3:.w)-,/.r0�(*)2%435)2(�$�ES$�#<M

ü�ý5x y{z}|~�~
����������
"�#�0�FG9:3:#�>@(*$�%L)\)-,/.�E�#�){0�q�(^F�,^)�C�E�3])-,/.;9�F�%LK2%L){9:E�)4>�)'o�FGE�i^q�)L�l>@(*$�3:.*)4$�E+>�)�>@(*$�3:.*)L��o�FGE�i^q�)�M{��#�#�)
./35)2#�>@(^F{0�F�,�i-$�%40�.*)s>�)-,wF�i-i-)2#�.*,b)2.v>�)-,v)-,/0�F�i-)-,�M�NQP�)2%40�95)-,8T�n2.*n�U�n29:E?0�FG(wi-)2./.*)Ri2(^FG0�E�95)\M:M:M
N]#�E�./3:9:35,^FG#�.{>�)2E@P�$�&@`/)2.*,�N�>@3:.8U]>�)2E@P�$�&@`/)2.*,'cd$�E�./.*$�#_e!g�E�3:./.*)2({)2.LhdFG95i2E�95)2(kjR)2.'E�#���FG&�)29!U]n-i2(/3:(*)�E�#

0�(*$�o�(^FG%4%L)�C�E�3;F�p\i*q�)�>�FG#�,\95)�>�)2E@PB35�2%L)�$�&@`a)2.lN�>@3:.\9�F+0�q�(^F�,*)69:E�)��D9!7=)2#�A�)2(*,1C�E�3w)-,/.l)2#�./(*n-)�>�FG#�,L95)
0�(*)2%435)2(w$�&@`/)2.wN�>@3:.8M���#�F�p\i*q�)2(^FL>�FG#�,v95)s��FG&t)29�,/3<i�7=)-,/.rE�#60�FG9:3:#�>@(*$�%L)'$�E?#�$�#<M

ü�ý�� ����������������������
���|~��
S��zt��
iÿ����~�Q���
"�#�)�PB0tn2(/3:%L)2#�.^FG.*)2E�({A�)2E�.R��FG3:(*)4E�#�)�)�PB0tn2(/35)2#�i-)\>�)L%Ln-i8FG#�35C�E�)l>�)-,u��E�35>�)-,�)2#+0�(*n-,*)2#�i-)l>�)Li*q�FG%40�%\FGo�I
#�n2./35C�E�)6e�%\FGo�#�n2.*$�q��@>@(*$�>@�B#�FG%435C�E�)�j�M4��9�0�$�,*,^�->�)'./(*$�35,u,*0�q��2(*)-,s>�)�(^F-��$�#�H{%L�2./(*){(*)2%40�9:3�>�)�%L)2(*i2E�(*)�U<>�)
o�FG9:9:3:E�%�)2.�>�)w,^$�>@3:E�%6M�3:9�A�)2E�.�n2./E�>@35)2(�>@3J }n2(*)2#�.*,�(*n2o�3:%L)-,�>�FG#�,�95)-,�)�P@0�n2(/35)2#�i-)-,�)2.�A�)2E�.�>�$�#�ir�!FG3:(*)vA�FG(/35)2(�9�F
AB3:.*)-,*,*)v>�)w9!7=n-i-$�E�95)2%L)2#�.

U
e�A�FG95)2E�(�%\F�P@3:%\FG95)�TrH8¡u%�¢G,kj�FGE�,*)23:#l>�)r9�Fs,/0�q��2(*)�M�h�)-,�(*n2o�3:%L)-,�,^)wi8FG(^F�i2.*n2(/35,*)2#�.

0�FG(v95);#�$�%'&�(*)R,^FG#�,v>@3:%L)2#�,*35$�#
Rm = µ0 ∗

(^F8��$�#
∗ σ ∗ U

��#S>�$�#�#�)
µ0 = 4π 10−7 £ M=�kM:U σm = 1.06 106 £ M=�kM:U σg = 3.68 106 £ M=�kM:U σs = 10.35 106 £ M=�kMN]# E�./3:9:35,^FG#�.6E�#_$�&@`a)2.?N�>@3:.8Ub>�)2E@P	$�&@`/)2.*,1cd$�E�./.*$�#fe!g�E�3:./.*)2(6)2.6hdFG95i2E�95)2(kjl)2.1E�#_m�)2%L$�U�n-i2(/3:(*)�E�#

0�(*$�o�(^FG%4%L)�C�E�3�F�p\i^q�)S95)6#�$�%R&�(*)�>�)6¤w)2�B#�$�95>�,L0t$�E�(\i*q�F�C�E�)S��E�35>�)S>�FG#�,L95)Sm�)2%L$�)2#��¥$�#�i2./35$�#	>�)?9�F
AB3:.*)-,*,*)u)2#�./(*n-)'>�FG#�,r9!7=$�&@`/)2.wN�>@3:.'e¥)2#6%�¢G,�j�M

ü�ý�¦ §¨z}
�
G������|!zª©b�������
��#Si^q�)2(*i*q�)'�{>�n2.*)2(/%43:#�)2(�9�F{%\F�,*,*)u>�)s9�F{«�)2(/(*)'��0�FG(/./3:(�>�)u9!7WFG9:./3:./E�>�)s>}7 E�#S,^FG.*)29:9:3:.*)so�n-$�,/.^FG./35$�#�#�FG3:(*)

MT =
(RT + h)3ω2

G

��#�>�$�#�#�)
ω = 7.2 10−5

(^F�>�¢G,�U
G = 6.7 10−11 £ M=��M:U RT = 6370 ¬ %­)2. h = 36000 ¬ %­)-,/.'9!7WFG9:./3:./E�>�)o�n-$�,/.^FG./35$�#�#�FG3:(*)�M

N]#�E�./3:9:35,^FG#�.{>�)2E@P+$�&@`a)2.*,sN�>@3:.8U�>�)2E@P+$�&@`/)2.*,Rcd$�E�./.*$�#	e!g�E�3:./.*)2(�)2.�hdFG95i2E�95)2(kju)2.sE�#�m�)2%L$�U�n-i2(/3:(*)4E�#
0�(*$�o�(^FG%4%L)LC�E�3�F�p\i*q�)49�Fl%\F�,^,*)4>�){9�F1«�)2(/(*)L>�FG#�,;95)4m�)2%L$6�l0�FG(/./3:(R>�)-,;A�FG95)2E�(*,

RT

)2.
h
)2#�./(*n-)-,R>�FG#�,

95)-,v$�&@`/)2.*,vN�>@3:.8Md��#?./(^F-A�FG3:9:95)2(^FL)2#6E�#�3:.*n-, £ M=�kM���#�F�p\i^q�)2(^F\FGE�,*,*3}9�F{>�)2#�,/3:.*nu%L$8��)2#�#�)'>�)u9�F{«�)2(/(*)'>�FG#�,r95)m�)2%L$�M���#?%L)2././(*)sE�#6��FG&t)29�>�)2A�FG#�.wi^q�F�C�E�)'$�&@`a)2.vN�>@3:.v0�$�E�(w0�(*n-i235,*)2(wC�E�)29:95)uA�FG95)2E�(v)-,*.wFG./.*)2#�>@E�)�M
¤bFG0�0�)29!TQ9�F{%\F�,^,*)u>}7 E�#�)s,/0�q��2(*)u0�95)23:#�)�U�>�)s>�)2#�,/3:.*nu%L$���)2#�#�)

ρ
)2.v>�)u(^F8��$�#

r
)-,/.

4

3
πr3ρ

V


