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x = r sinθ cosϕ,

y = r sinθ sinϕ,

z = r cosθ,
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r, r + dr
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ϕ, ϕ + dϕ
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}
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�Kk=ghjnY
(r′, θ′, ϕ′)
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f(x, y, z) = g(r)
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g(r)

j�l�w?L\[K]bghw?ibM8V\t�qEV�L�MB�
4 g(r) = 4r g(r).
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√
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]

dt = 0,
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J=]bghwP`b�hM8V9`^V\L\[T`bYhk=a=[K�bt\O�¸ZV\J=j}i8V\tT]^_�l�a�V\a=jnV��;s=mnYh]8V��
� V\�K]8V�a=�KY	� Vuj�]b[Kghl�jn�\gPV\t.`bY�O � [Ki Wes=�Ks4`^�\U¹ibjn��Mcl�jnYh]^k=ghYBa=j}YBv ¸¹[?YhM^z=YB]rgBa�V�mnY�
htZkol�j}Y¹UBV?WeL�j6J=j}YB]bl��
i^ghYdG�J=]8VPl�V�gBV\U{z=[�l�V�a=jXVNQ�g�l�jX�\gBV\a=Y�g�a=jnYhgPV\m}YB�Bao[K�^UhjX��mXV\�\]8V\a=�c`^V\a�su[�k

t
j
x
O � [?k�V\t�j}a�M^YB]bJ=]^Y�M{V\Uc`bY

gBa�V�mnYBghjn[KaNw?U{z<ibM{V�WXw?U{z*]bs=U{z�s*[K]^V\gHghl�jn�\gBYhL�[KL�]^YB�bmXV4`^��Uhw�j}U{z¬l�gBV4`bYBvya���gPV\m}YB�ha=[K�^t�O

� ��
���D3�E�
�37HG���J=LNMBO¯QTS(w�L�V\gBV\t\~��BYdl°vyYBU{z�V�a=jnUhYd]^YhmXV�Mcw�l�jni�Mcw?UBgBaoYp`�k=gBjnV?W�V\aojnY�UBgP��ibM8L�j�i�l�[��
��[?k=a=Yc`�G�J�V�M8]bgHgPV\k=V\a=jnY��KQ�`bYBibM¹a=j}YBgBvyjnYha=a=j}UBgBY¹l�gB�Km}�Bk=Yhv GEUBg�w?a=a=Yp`8Q�M8]^V\a=i�q�[K]^vAV\Up`bj � [K]^Yha�M^gPVo�

x̃ =
x − at√
1 − a2

, t̃ =
t − ax√
1 − a2

,
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gPV\m}YB�ha�V�[�k<ibM8V?WXw?U{z<s=ghw?i^L�V\aNw?U{zªl gBV\k�V\aojns����
²x³{´ ¤�¡�µ�¶ ´ ¤N·��Z�NwHl�w?L�V\gPV�traojnYBghvAj}YBa=aojnUBgh[K�^t.k=gBjnV?W�V\aojXVfl�w?ibM8V\]^UhghwHl:Mcw�v J=]^g�w�J=V\k=L�s9l�w?L�V\gBV\t
a=jnYhgBvyjnYha=a=jnUhgB[K�btf`bYB�K[�]b_KgBa=j}UBghL?j

Ldt
O

� ¨B¡B¶;� ��¡�¤\���E¤T¡�¤�!N¤	"*��¤\¥n $#B¢�¨�!�!N¤&%u��¤'%�¶;��(^¡� ����E¤&(*)�+-,A¥¦� ³ �p¨*.o¤�!N¤�/

0 ]^ghYB�K[K]bg�1¹[?UBgBV\a

2


