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x1 = r cos (ϕ)

y1 = r sin (ϕ)

ẋ1 = ṙ cos (ϕ) − rϕ̇ sin (ϕ)

ẏ1 = ṙ sin (ϕ) + rϕ̇ cos (ϕ)
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x2 = −r sin (ϕ)

y2 = r cos (ϕ)
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(x1 − x2)2 + (y1 − y2)2 =
√
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ẋ1 = v0

x2 − x1√
2r

= −
v0√
2

(sin (ϕ) + cos (ϕ))

ẏ1 = v0

y2 − y1√
2r

=
v0√
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(cos (ϕ) − sin (ϕ))
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−ṙ cos (ϕ) − rϕ̇ sin (ϕ) = −
v0√
2

(sin (ϕ) + cos (ϕ))

ṙ sin (ϕ) + rϕ̇ cos (ϕ) =
v0√
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(cos (ϕ) − sin (ϕ))
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ṙ = −
v0√
2
, rϕ̇ =

v0√
2

}�B.$�&�*%'.*%?QG�*pV�#%V�*p/t0
/W: 6 <7NP*%'(:7#%:7*%'.*%=�*;:�/f-�Bs~v*%<2* 8�| B 6 '*%$�&�* 8 '.*;:�=�u 8�8 &�* 8B 8 :7*�$�< 6 '.0
/W:2F
n

r(t) =

√
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2
(a − v0t) , ϕ(t) = −ϕ0ln

(

a − v0t
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~r~v

rv
= − cos(α) � ���

x = r cos(ϕ)

y = r sin(ϕ)

vx = ṙ cos(ϕ) − rϕ̇ sin(ϕ)

vy = ṙ sin(ϕ) + rϕ̇ cos(ϕ)
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ṙ

v
= − cos(α)
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v2 = ṙ2 + r2ϕ̇2 = v2 cos2(α) + r2ϕ̇2, ⇒ v2
(

1 − cos2(α)
)

= r2ϕ̇2, ⇒
v

r
sin(α) = ϕ̇

v sin(α)

r0 − vt cos(α)
= ϕ̇
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ϕ(t) = ϕ0 − tg(α)ln

(

r0 − vt cos(α)
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