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6BM�H 1t�K @ q2/M2b/�v- J�v Rbi kyRN

h?Bb 2t�K ?�b 3 T`Q#H2Kb- rBi? Rjy iQi�H TQbbB#H2 TQBMibX >Qr2p2`- i?2 2t�K rBHH #2
;`�/2/ QM � b+�H2 Q7 Rky- bQ � T2`72+i T2`7Q`K�M+2 2�`Mb RjyfRkyX
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).

6Qm`B2` 2tT�MbBQM Uω = 2π/τV,

F (t) =
f0
2

+
∑

n>0

fn cos(nωt) + gn sin(nωt),

fn =
2

τ

∫ τ/2

−τ/2
dt F (t) cos(nωt),

gn =
2

τ

∫ τ/2

−τ/2
dt F (t) sin(nωt).

aQK2 BMi2;`�Hb,
∫

dx

1 + x2
= tan−1(x),

∫
dx

1− x2
= tanh−1(x),

∫
dx√
1− x2

= sin−1(x),

∫
dx√
1 + x2

= sinh−1(x),
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RX UR8 TibV uQm �`2 /2bB;MBM; � `2KQi2@+QMi`QHH2/ B+2@#Q�i iQ KQp2 �HQM; � 7`B+iBQM@
H2bb H�F2X uQm +�M mb2 irQ #Q�ib- �ii�+?2/ iQ 2�+? Qi?2`- �M/ 2�+? #Q�i ?�b �
K�+?BM2 ;mMX h?2 K�bb Q7 2�+? #Q�i rBi? Bib K�+?BM2 ;mM BM+Hm/2/ Bb mgX 1�+?
#Q�i ?�b i?2 +�T�+Biv iQ +�``v � K�bb Q7 #mHH2ib mbX h?2 #Q�ib �++2H2`�i2 #v }`BM;
i?2 K�+?BM2 ;mMX uQm +�M mM�ii�+? i?2 #Q�ib �7i2` #Q�i OR ?�b 2tT2M/2/ Bib
�KKmMBiBQM- i?2M 7m`i?2` �++2H2`�i2 #Q�i Ok #v }`BM; Bib �KKmMBiBQMX q?�i Bb
i?2 K�tBKmK bT22/ #Q�i Ok +�M �ii�BM\
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kX *QMbB/2` i?2 iBK2@p�`vBM; TQi2MiB�H i?�i Bb T2`BQ/B+ BM iBK2- V (t+ τ) = V (t)X

V (t) =

{
0, −τ/2 < t < 0
V0, 0 < t < τ/2

G2i i?2 TQi2MiB�H #2 2tT`2bb2/ �b � 6Qm`B2` b2`B2b-

V (t) =
f0
2

+
∞∑

n=1

fn cos(nω0t) + gn sin(nω0t),

ω0 ≡ 2π/τ.

U�V U8 TibV :`�T? i?2 TQi2MiB�H 7Q` i?2 BMi2`p�H −τ < t < τ X

U#V U8 TibV 6Q` r?B+? p�Hm2b Q7 n �`2 fn ̸= 0\

U+V U8 TibV 6Q` r?B+? p�Hm2b Q7 n �`2 gn ̸= 0\

.
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jX �++Q`/BM; iQ "B; "Q#Ƕb i?2Q`v- i?2 +`Qbb b2+iBQM 7Q` � T�`iB+H2 rBi? FBM2iB+ 2M2`;v
E iQ b+�ii2` #v � b+�ii2`BM; �M;H2 θs Qz � ;QH/ i�`;2i- Bb,

dσ

dΩ
= α(1 + β cos θs).

uQm �`2 �M 2tT2`BK2Mi�HBbi �M/ r�Mi iQ K2�bm`2 i?2 /Bz2`2MiB�H +`Qbb b2+iBQM
dσ/dΩX uQm ?�p2 �M �``�v Q7 /2i2+iQ`b �i MmK2`Qmb �M;H2bX 1�+? /2i2+iQ` 2H2K2Mi
?�b � 7�+B�H �`2� a �M/ i?2 /2i2+iQ` 2H2K2Mib �`2 HQ+�i2/ � /Bbi�M+2 L 7`QK i?2
i�`;2i- rBi? a/L2 << 1X h?2 2{+B2M+v Q7 2�+? /2i2+iQ` 2H2K2Mi Bb f X h?2 i�`;2i
Bb � i?BM 7QBH Q7 ;QH/- r?Qb2 i?B+FM2bb Bb tX h?2 K�bb Q7 � ;QH/ �iQK Bb mAu- �M/
i?2 K�bb /2MbBiv Q7 ;QH/ Bb ρAuX :Bp2 �Mbr2`b BM i2`Kb Q7 ρAu- mAu- t- α- β- f - a
�M/ LX

U�V U8 TibV q?�i Bb i?2 iQi�H +`Qbb b2+iBQM\
U#V U8 TibV q?�i 7`�+iBQM Q7 #2�K T�`iB+H2b b+�ii2`\
U+V URy TibV hQ i2bi "B; "Q#Ƕb i?2Q`v- vQm rBb? iQ `mM �M 2tT2`BK2Mi HQM; 2MQm;?

bQ i?�i � bBM;H2 /2i2+iQ` 2H2K2Mi �i θs = 90 /2;`22b rQmH/ `2+Q`/ Ryyy +QmMib
B7 "B; "Q# Bb +Q``2+iX uQm M22/ iQ i2HH i?2 #2�K QT2`�iQ` ?Qr K�Mv #2�K
T�`iB+H2b- Nb- vQm M22/ iQ ?�p2 BM+B/2Mi QM i?2 i�`;2iX q?�i Bb Nb?X

a) G = 41T L

b) f- scat
= 6. dataset = 6 pan a

c) Nut = f. (dates ) - fautm.nu - Nb

= Lf Ir fan
n

- Nb

Nb = 1000-LZm.mx
Fa faut
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9X � T�`iB+H2 Q7 K�bb m KQp2b �++Q`/BM; iQ �M �ii`�+iBp2 TQi2MiB�H

V (r) = − β

r2
.

U�V U8 TibV �`2 i?2`2 �Mv bi�#H2 Q`#Bib\

U#V URy TibV � #2�K Q7 T�`iB+H2b rBi? 2M2`;v E Bb �BK2/ �i i?2 TQi2MiB�HX A7 i?2
T�`iB+H2 `2�+?2b i?2 Q`B;BM- Bi Bb �MMB?BH�i2/X q?�i Bb i?2 +`Qbb b2+iBQM 7Q`
�MMB?BH�iBQM\ :Bp2 vQm` �Mbr2` BM i2`Kb Q7 m- E �M/ βX

NO

Im = B = mb
'

=
nine

Z M Z MIT

• = IBE
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8X � #2�/ Q7 K�bb m KQp2b �HQM; � 7`B+iBQMH2bb +B`+mH�` rB`2 Q7 `�/Bmb RX h?2 TH�M2
Q7 i?2 +B`+H2 Bb p2`iB+�H- bQ i?�i ;`�pBiv rBHH TmHH Bi /QrM iQ i?2 θ = 0X

U�V URy TibV lbBM; θ �b i?2 ;2M2`�HBx2/ +QQ`/BM�i2- r`Bi2 i?2 G�;`�M;B�MX
U#V U8 TibV q?�i �`2 i?2 2[m�iBQMb Q7 KQiBQM 7Q` θ\

a) I = Im R' O
'

- mg RCI - w so )

m R
'

=
-

mg
R s in O

⑥ =

-

q- since
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eX hrQ K�bbH2bb bT`BM;b �`2 �ii�+?2/ iQ i?2 +2BHBM; �
b?QrMX 1�+? bT`BM; Bb +?�`�+i2`Bx2/ #v � bT`BM; +QM@
bi�Mi k- �M/ i?2 irQ K�bb2b- m �`2 2[m�HX �bbmK2 i?2
K�bb2b KQp2 QMHv p2`iB+�HHvX �b ;2M2`�HBx2/ +QQ`/B@
M�i2b- H2i y1 �M/ y2 `272` iQ i?2 /BbTH�+2K2Mib Q7 i?2
mTT2` �M/ HQr2` bT`BM;b `2bT2+iBp2HvX h?2b2 /BbTH�+2@
K2Mib �`2 `2H�iBp2 iQ }t2/ TQBMib- #2BM; i?2 2[mBHB#@
`BmK TQbBiBQMbX h?�i Bb- �i 2[mBHB#`BmK y1 = y2 = 0X
�M/ B7 #Qi? K�bb KQp2 iQ;2i?2` (y1 = y2)- i?2 HQr2`
bT`BM; /Q2b MQi bi`2i+?X

y 1

y 2

k

k

m

m

equil.
positions

U�V URy TibV q`Bi2 /QrM i?2 G�;`�M;B�MX
U#V U8 TibV q?�i �`2 i?2 2[m�iBQMb Q7 KQiBQM 7Q` y1 �M/ y2\
U+V UR8 TibV .2b+`B#2 i?2 MQ`K�H KQ/2bX :Bp2 #Qi? 7`2[m2M+B2b �HQM; rBi? �

/2b+`BTiBQM Q7 ?Qr i?2 irQ /BbTH�+2K2Mib �`2 `2H�i2/ 7Q` 2�+? KQ/2X

at L = I mljitisi ) - I k{ sites .
- as }

b) mij ,

=
- k ( 2g ,

- ya )

m

'

y
'

,

=
- k ( ya - yr )

c) y ,
= A eiwt

,
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= Be '
' wt

,
w ! = Kim

- w
- A =

- Wo
'

( 2A - B )

- w 2B =
.

- Wo
Z C B - A )

ZA3= B ,

2A B - B
'

= A B - AZ

A
- TAA - B

'
= o Az=-IztI#

w
-

= will - # knife IF }
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dX URy TibV T�`iB+H2 KQp2b BM i?`22 /BK2MbBQMb mM/2` i?2 BM~m2M+2 Q7 � TQi2MiB�H

V (x, y, z) = V0e
−(x2+y2+z2)/b2 .

A7 i?2 iQi�H 2M2`;v Bb E- i?2 FBM2iB+ 2M2`;v Bb T - i?2 KQK2MimK Bb p⃗ �M/ i?2
�M;mH�` KQK2MimK Bb L⃗- +B`+H2 �HH i?2 +QMb2`p2/ [m�MiBiB2bX

U�V E

U#V T

U+V px

U/V py

U2V pz

U7V |p⃗|
U;V Lx

U?V Ly

UBV Lz

UDV |L⃗|

O

•
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3X URy TibV T�`iB+H2 KQp2b BM i?`22 /BK2MbBQMb mM/2` i?2 BM~m2M+2 Q7 � TQi2MiB�H

V (x, y, z) = V0e
−[(x+y)2+z2]/b2 .

A7 i?2 iQi�H 2M2`;v Bb E- i?2 FBM2iB+ 2M2`;v Bb T - i?2 KQK2MimK Bb p⃗ �M/ i?2
�M;mH�` KQK2MimK Bb L⃗- +B`+H2 �HH i?2 +QMb2`p2/ [m�MiBiB2bX

U�V E

U#V T

U+V px

U/V py

U2V pz

U7V |p⃗|
U;V Lx

U?V Ly

UBV Lz

UDV |L⃗|

O

-p①
xtpy

- Ly
×

+ Ly


