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2a = r + r′ =
√

(c + x)2 + y2 +
√

(c − x)2 + y2

=
√

(c2 + x2 + y2) + 2cx +
√

(c2 + x2 + y2) − 2cx .-/.D27SL<>6JNCf<>.]:7Aw<LNv1E<LNCe432hCLg8BTD276J2
2(c2 + x2 + y2) + 2

√

(c2 + x2 + y2) + 2cx ·
√

(c2 + x2 + y2) − 2cx = 4a2 ,CG432=<vt
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√

(c2 + x2 + y2) + 2cx ·
√

(c2 + x2 + y2) − 2cx

=
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−c2x2 = a4 − a2c2 − a2x2 − a2y2 .

AX4E<>6JNCG.P<Q1327.P<L:7TDUL6
c2 = a2 − b2 4E2hN25NvAJ:52R�J6w<>.@aG276s832

x2

a2
+

y2

b2
= 1 . z >�>I\@>$}

"$#&%('�)+*,*.-0/21�143657*.-�895�89)B'C1D#(8;3�*E)
F 8B1E<�1327013254327698E<L:7TDUL6HG8BT@. u :5CLaIG6 N2 .P<�27.@T@0J432�254{276 83�71BadT@6JCI4�N2�:5C9CL13N276w<LNJ<L40 CL.P<>13254

(r, φ)
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x = r cos φ − c ,

y = r sinφ

u
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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
a2r2 = (a2 − c2) b2 + 2b2cr cos φ + (a2 − b2) r2 cos2 φ

= b4 + 2b2
√

a2 − b2 r cosφ + (a2 − b2) r2 cos2 φ

=
[

b2 +
√

a2 − b2 r cos φ
]2

.
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ar = b2 +

√
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r0 ≡ b2

a
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u
ε ≡ c

a
=

√

1 − b2

a2
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r
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1

r0
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+
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b2
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r
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1
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(1 − ε cos φ ) . z >�>I\ ´ }
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r1 = a − c

u
r2 = a + c ,N2;NCL6JN2;432hN25NvAJ:52;�9AJ2
r1 + r2 = 2 a

u
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a =
r1 + r2

2
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b =

√
r1r2N27.�<>0 CLH�25C u 0M271BT@H�25C\
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t254
ε =

r2 − r1

r1 + r2
.

�	� 	�
����������� ^`CL6JC�:7TD276JNC|27.MF>132=<;N2jA6f:7?@13:7A.DC u .P<L4y25:7Aw<L:7TDCL6J254`276f:5C9CL13N276w<LNJ<L4[:=<>1B83254BTP<&Z6w<L4*N2QA6 :7?@13:7A.DC u N2QA6w< 27.@T@0J4E2It_N27a�AJ254B8B132d�sAJ2Q27.�F>132=< A
N2|A6w<f27.@T@0J432�S9TD276J2	NJ<LNJ<0 CL1
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a u b
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R1 + R2 = R′

1 + R′

2 = 2a
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PA = P ′B
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PAP ′ u
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β u δ
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δ = α
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r
= 1 − ε cos φ.

� 1E<&�w�sAJ2
r(φ)

0w<>1E<
ε = 0
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0 = mṙ r̈ +

dU £��
dr
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