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RX � T�`iB+H2 Q7 K�bb m KQp2b BM � ?�`KQMB+ Qb+BHH�iQ` TQi2MiB�H-
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2tT2`B2M+2b � /`�; 7Q`+2-
Fd = −2mβv,
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f = F0Θ(t)e−γt,

r?2`2 Θ(t) Bb � bi2T 7mM+iBQMX

U�V URy TibV aQHp2 7Q` � T�`iB+mH�` bQHmiBQM Q7 i?2 7Q`K xp = Ce−γt- bm+? i?�i Bi Bb � bQHmiBQM
Q7 i?2 /Bz2`2MiB�H 2[m�iBQM 7Q` t > 0X
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kX � T�`iB+H2 Q7 K�bb m KQp2b BM �M mM/�KT2/ ?�`KQMB+ Qb+BHH�iQ` rBi? TQi2MiB�H
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� T2`BQ/B+ 2ti2`M�H 7Q`+2- r?2`2 F (t+ τ) = F (t) Bb �TTHB2/-
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F (t) =
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an cos(nω0t) + bn sin(nω0t), ω0 = 2π/τ

HBbi i?2 p�Hm2b Q7 n 7Q` r?B+? i?2 +Q2{+B2Mib an ̸= 0- �M/ i?2 p�Hm2b Q7 n 7Q` r?B+? bn ̸= 0X
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jX � bK�HH �bi2`QB/ Q7 K�bb m Bb �BK2/ �i � ?2�pv TH�M2i Q7 K�bb M �M/ `�/Bmb RX h?2 �bi2`QB/Ƕb
FBM2iB+ 2M2`;v Bb E0 r?2M i?2 �bi2`QB/ Bb 7�` �r�vX

U�V URy TibV q?B+? Q7 7QHHQrBM; [m�MiBiB2b �`2 +QMb2`p2/ i?`Qm;?Qmi i?2 i`�D2+iQ`v\ �bbmK2
i?2 BMBiB�H BKT�+i T�`�K2i2` HB2b BM i?2 ŷ /B`2+iBQM �M/ i?�i i?2 BMBiB�H p2HQ+Biv Bb BM i?2
x̂ /B`2+iBQM- rBi? i?2 TH�M2i #2BM; HQ+�i2/ �i i?2 Q`B;BMX *B`+H2 i?2 +QMb2`p2/ [m�MiBiB2bX

Ç h?2 �bi2`QB/Ƕb FBM2iB+ 2M2`;v
Ç h?2 �bi2`QB/Ƕb TQi2MiB�H 2M2`;v
Ç h?2 �bi2`QB/Ƕb iQi�H 2M2`;v
Ç h?2 KQK2MimK +QKTQM2Mi px
Ç h?2 KQK2MimK +QKTQM2Mi py
Ç h?2 KQK2MimK +QKTQM2Mi pz
Ç K�;MBim/2 Q7 i?2 KQK2MimK |p⃗|
Ç h?2 `�/B�H p2HQ+Biv vr = r̂ · v⃗
Ç h?2 K�;MBim/2 Q7 i?2 i�M;2MiB�H p2HQ+Biv vt = |r̂ × v⃗|
Ç h?2 �M;mH�` KQK2MimK +QKTQM2Mi Lx
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9X � T�`iB+H2 Q7 K�bb m Bb BM � +B`+mH�` Q`#Bi Q` `�/Bmb R- KQpBM; �++Q`/BM; iQ � TQi2MiB�H

V = − V0

r3/2
,

r?2`2 V0 > 0X

U�V U8 TibV q?�i Bb i?2 T�`iB+H2Ƕb bT22/ r?BH2 BM � +B`+mH�` Q`#Bi\ :Bp2 �Mbr2` BM i2`Kb Q7
V0,m �M/ RX

U#V U8 TiV q?�i Bb i?2 T�`iB+H2Ƕb �M;mH�` KQK2MimK- L- BM i?2 +B`+mH�` Q`#Bi\ :Bp2 �Mbr2`
BM i2`Kb Q7 V0,m �M/ RX

U+V U8 TibV 6Q` � T�`iB+H2 rBi? i?Bb �M;mH�` KQK2MimK- r?�i Bb i?2 2z2+iBp2 `�/B�H TQi2MiB�H\
S`QpB/2 � bF2i+?X G�#2H i?2 `�/Bmb Q7 i?2 +B`+mH�` Q`#BiX

U/V URy TibV q?�i Bb i?2 �M;mH�` 7`2[m2M+v Q7 bK�HH Qb+BHH�iBQMb Q7 i?2 `�/B�H /Bbi�M+2 r 7Q`
bm+? � T�`iB+H2 rBi? �M;mH�` KQK2MimK L �#Qmi i?2 +B`+mH�` Q`#Bi\ :Bp2 �Mbr2` BM
i2`Kb Q7 V0,m �M/ RX
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