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b2 (r cos φ − c)2 + a2r2 (1 − cos2 φ) = a2b2 ,

b2r2 cos2 φ − 2b2rc cosφ + b2c2 + a2r2 − a2r2 cos2 φ = a2b2 ,CG432=<vt
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<>.`2��B2e�9AJ2:5CLT@6J:7TDN
2Q:5CL6�27.�2��B2|N
2�4BT@aG278B1B?P< N
2;.P<4327adTD254� ¡271E< z S�271O�JHIA
1E<�}~\� 2=< ~F (x)

.P<R �AJ271Bb$<;HI1E<=S9T@8E<L:7TDCL6w<>."�9AJ2<L:78 Gw<�4ECLg
132V.P< ae<L4E<
m

:7Aw<>6JN
C�254�Z8E<{432G276J:7AJ27698B1E<c43CLg
132G27.y2���2
x̂
276n.P<0 CI4BTD:7TDUL6

x
\[-�438E<n �AJ271Bb$<�83276JNv1EF�N
CI4:5CLad0 CL6J276983254

~F (x) = −Fx(x)x̂ + Fy(x)ŷ .
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Cd432=<vt�.P<�:5CLad0MCL6J276s832
x
254[.P<�adTD4Bae<vtv0 2713C	.P<Q:5CLad0MCL6J276s832

y
:=<>a|g
TP<dN
2h43T@HI6JC
\�-�.]2~ �25:783CN
2h.P<L4jN
CI4j4327adTD254B �271E<L4j254

~F + ~F ′ = −2Fx(x)x̂ .



���������
	��
����������������������������� � ³ �
��2713C
t_0 CL1*CL8B1E<d0w<>1B832Itw.P<L4KN
CI4*4327adTD254� ¡271E<L4O ¡CL1Bae<>6VA
6w<G254B �271E<e:5CLad0
.D278E<GN
2;ae<L4¥<

2M
t u0w<>1E<d25432h:=<L43CG4¥<>g 27aGCI4j�9AJ2R.P<Q �AJ271Bb$<	254 z S�271K4325:5:7TDUL6,>�>I\  }

m~g(~x ) =











−G(2M)m
�

2 x̂
� ;�� ¬ � x > R �

−G(2M)m
R3 x̂

� ;�� ¬ � x < R ���HIAw<>.P<>6JN
Ce.P<L4jN
CI4j2KJv0
13254BTDCL6J254K432h276J:7AJ27698B1E<G�9AJ2

Fx(x) =







GMm
�

2

� ;�� ¬ � x > R �
GMm

R3

� ;�� ¬ � x < R �-�4B83CR254�2KJ
<L:78E<>aG2769832O27.�adTD43aGCX132543A
.@8E<LN
C*�9AJ2`432 83276JNv1B?P<*0w<>1E<KA
6w<*254� ¡271E<K43UL.@TDNJ<*:5CLad0
.D278E<N
2Xae<L4¥<
M u 1E<LNvTDC R

\���C�N
27aGCI4O276s83CL6J:5254OAJ4¥<>1y.DCI4`13254BA
.@8E<LN
CI4O�9AJ2X4E2K276J:5CL6s8B1E<>13CL6�276 .P<4325:5:7TDUL6 >�>I\  0w<>1E<e.P<G254� ¡271E<G43UL.@TDNJ<v\ -/.�8B1E<>gw<&��C .DCG0MC�N
27aGCI4X27SI<>.@Aw<>1XAJ4¥<>6JN
C 27.�0 CL83276J:7TP<>.HI1E<5S�T@8E<>83CL1BTDC
φ
\�-/.[0 CL83276J:7TP<>.[HI1E<=S9T@8E<>83CL1BTDC z :5CL6 27.`:52713C N
27.`0 CL83276J:7TP<>.O276�27.yT@6v�J6
T@83Cs}Q<>.:5276s8B13CeN
2;A
6w<	254� �271E<	4EUL.@TDNJ<d254

φ(0) = −3GM

2R
.

�"AJ27H�Ce27.@8B1E<>gw<&�BCd0w<>1E<	.@.D27SI<>1O.P<	ae<L4E<
m
N
27.�CL1BT@H�276�<>.�T@6v�J6
T@83CG254

W = m
3GM

2R
.

� � � 
 ���
	 � � ��� 

� � � 	��������

� CLg
132	.P<G0w<>1B8B?D:7A
.P<
m
6JCf4E2�2��B2713:52Q6
T@6
HIA
6w<G �AJ271Bb$<f:7Aw<>6JN
C{432Q276J:7AJ276s8B1E<{<>.�T@6s83271BTDCL1;N
27.:=<L43�sAJ27832I\ � T

v0
254	.P<�S�27.DC�:7TDNJ<LN�:5CL6��sAJ2f.@.D27Hs<n<�.P< 4BA
0M271��w:7TD2It/276s83CL6J:5254 27.O8BTD27ad0 C�N
28B1E<5S�254B?P<	254

t0 = 2R/v0
\9��<>1E<	:=<>.D:7A
.P<>1O.P<�S�27.DC9:7TDNJ<LN

v0
�w<L:527aGCI4[AJ4ECQN
27. �J25:��JCdN
2R�9AJ2K.P<276J271BHI?P<GN
27gM2h:5CL6J43271BSL<>134E2I\ ��<d276J271BHI?P<dN
2

m
276c27.�0
A
6s83CGN
2h0w<>1B8BTDNJ<G254

Ei = −GMm

3R
,adTD276s8B1E<L4*�sAJ2h:7Aw<>6JN
Ce.@.D27Hs<G<Q.P<	4BA
0M271��w:7TD2;254

Ef = −GMm

R
+

1

2
mv2

0 .��HIAw<>.P<>6JN
Ce.P<L4jN
CI4j2KJv0
13254BTDCL6J254K432hN
25NvAJ:52|�sAJ2
v2
0 =

4GM

3R
.

J .]T@6983271BTDCL1*N
27.�:=<L43�9AJ27832h6JC �w< u  �AJ271Bb$<L4*43CLg
132h.P<dae<L4¥< m u t
0MCL1K.DCd8E<>6983C
t_4BAVS�27.DC9:7TDNJ<LN432Rae<>6s8BTD276J2Q:5CL6s8E<>69832I\w��<>1E<G27."8BTD27ad0MCGN
2h8B1E<5S�2543?P<d432hCLg
8BTD276J2
t0 =

√

3R3

GM
.


