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6uA, 6Q` i?2 /Bz2`2MiB�H 2[m�iBQM
ẍ+ 2βẋ+ ω2

0x = 0,

i?2 bQHmiBQMb �`2

x = A1e
−βt cosω′t+A2e

−βt sinω′t ω′ =
√
ω2
0 − β2 (under damped)

x = Ae−βt +Bte−βt, (critically damped)

x = A1e
−β1t +A2e

−β2t, βi = β ±
√
β2 − ω2

0, (over damped).
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RX � T�`iB+H2 Q7 K�bb m KQp2b BM � bT?2`B+�HHv bT?2`B+�HHv bvKK2i`B+ TQi2MiB�H-

V (r) = V0 ln(r/a).

U�V U8 TibV aF2i+? i?2 TQi2MiB�H V (r) �M/- 7Q` � T�`iB+H2 Q7 �M;mH�` KQK2MimK L- i?2 2z2+iBp2
TQi2MiB�H 7Q` `�/B�H KQiBQM Veff(r)X

U#V URy TibV A7 i?2 T�`iB+H2 Bb BM � +B`+mH�` Q`#Bi Q7 `�/Bmb R- r?�i Bb i?2 �M;mH�` 7`2[m2M+v-
θ̇- Q7 i?2 KQiBQM\

U+V URy TibV A7 i?2 T�`iB+H2 Bb ;Bp2M � bHB;?i `�/B�H Tmb?- r?�i Bb i?2 �M;mH�` 7`2[m2M+v- ωr-
rBi? r?B+? i?2 T�`iB+H2Ƕb `�/Bmb Qb+BHH�i2b �#Qmi R\
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kX � T�`iB+H2 Q7 K�bb m KQp2b �++Q`/BM; iQ � bT?2`B+�HHv bvKK2i`B+ �ii`�+iBp2 TQi2MiB�H-

V (r) = − α

r2
.

A7 � T�`iB+H2 `2�+?2b i?2 Q`B;BM- Bi Bb �MMB?BH�i2/X

U�V U8 TibV aF2i+? i?2 TQi2MiB�H V (r) �M/- 7Q` � T�`iB+H2 Q7 �M;mH�` KQK2MimK L- i?2 2z2+iBp2
TQi2MiB�H 7Q` `�/B�H KQiBQM Veff(r)X

U#V URy TibV A7 � i`�D2+iQ`v ?�b �M;mH�` KQK2MimK L- r?�i p�Hm2b Q7 L H2�/ iQ �MMB?BH�iBQM\
U+V URy TibV 6Q` � #2�K Q7 T�`iB+H2b rBi? 2M2`;v E- r?�i Bb i?2 +`Qbb b2+iBQM 7Q` �MMB?BH�iBQM\
U/V URy TibV q?B+? Q7 7QHHQrBM; [m�MiBiB2b bi�v +QMbi�Mi 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 #2�K p2HQ+Biv Bb
BM i?2 x̂ /B`2+iBQMX *B`+H2 i?2 [m�MiBiB2b i?�i `2K�BM +QMbi�Mi i?`Qm;?Qmi i?2 i`�D2+iQ`vX
ULQi2 i?�i r̂ Bb � mMBi p2+iQ`- r̂ ̸= r⃗V

Ç h?2 T�`iB+H2Ƕb FBM2iB+ 2M2`;v
Ç h?2 T�`iB+H2Ƕb TQi2MiB�H 2M2`;v
Ç h?2 T�`iB+H2Ƕb iQi�H 2M2`;v
Ç h?2 T�`iB+H2Ƕb KQK2MimK +QKTQM2Mi px
Ç h?2 T�`iB+H2Ƕb KQK2MimK +QKTQM2Mi py
Ç h?2 T�`iB+H2Ƕb `�/B�H KQK2MimK pr = r̂ · p⃗
Ç h?2 K�;MBim/2 Q7 i?2 i�M;2MiB�H KQK2MimK pt = |r̂ × p⃗|
Ç h?2 T�`iB+H2Ƕb �M;mH�` KQK2MimK +QKTQM2Mi Lx

Ç h?2 T�`iB+H2Ƕb �M;mH�` KQK2MimK +QKTQM2Mi Ly

Ç h?2 T�`iB+H2Ƕb �M;mH�` KQK2MimK +QKTQM2Mi Lz
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S?vbB+b jkR JB/i2`K Ok @ q2/M2b/�v- J�`+? kR

! !

jX � #2�K Q7 TQBMi T�`iB+H2b Q7 2M2`;v E �M/ K�bb m �`2 �BK2/ �i � bT?2`B+�H #�HH Q7 `�/Bmb RX
h?2 T�`iB+H2b 2H�biB+�HHv #QmM+2 Qz i?2 #�HH �b b?QrM BM i?2 };m`2X

U�V URy TibV 1tT`2bb i?2 b+�ii2`BM; �M;H2 θs BM i2`Kb Q7 i?2 BKT�+i T�`�K2i2` bX
U#V UR8 TibV 1tT`2bb i?2 /Bz2`2MiB�H +`Qbb b2+iBQM dσ/dΩ BM i2`Kb Q7 θs- R- E �M/ mX
U+V U8 TibV q?�i Bb i?2 iQi�H +`Qbb b2+iBQM σ\
U/V U8 TibV � bK�HH /2i2+iQ` Bb TH�+2/ �i Ny /2;`22b 7`QK i?2 BM+B/2Mi #2�K BM i?2 �xBKmi?�H

/B`2+iBQM φ = 0X h?2 /2i2+iQ` `2+Q`/b �HH b+�ii2`2/ T�`iB+H2b rBi? b+�ii2`BM; �M;H2b
π/2 − ∆θ < θs < π/2 + ∆θ �M/ �xBKmi?�H �M;H2b −∆φ < φ < ∆φX q?�i Bb i?2 +`Qbb
b2+iBQM 7Q` b+�ii2`BM; BMiQ i?Bb /2i2+iQ`\

U2V U8 TibV A7 � i?BM i�`;2i ?�b i?B+FM2bb t �M/ B7 i?2 MmK#2` Q7 b+�ii2`2`b UbT?2`B+�H #�HHbV
T2` mMBi pQHmK2 Bb ρ- r?�i 7`�+iBQM Q7 BM+B/2Mi #2�K T�`iB+H2b b+�ii2`\ �Mbr2` +�M #2
2tT`2bb2/ BM i2`Kb Q7 σ- ρ �M/ tX

U7V U8 Tib 2ti`� +`2/BiV A7 i?2 i�`;2i Bb MQi i?BM- r?�i Bb i?2 7`�+iBQM Q7 b+�ii2`2/ T�`iB+H2b\
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d) date =
R' 14

or =
sin 0,00 s

. of =
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f ! Prob of not scattering

- got
= e

Pwh ,

of scattering
- fat

= I - e


