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_`a

H0 b` ac` def`ga ehi`h jkl mdaenmkn oeh ac` en`p`d`qahen kael rf mac kn mnsnma`dtc`kut nvqd`vgw kni d`a
J = L + S b` ac` aeakd knxvdkh l el `navl ey `hkaeh zkw {k|mnx vg` eo ac` okqa acka

H0 }L2 } Lz } S2
kni

Sz

kh` lvavkddt qellvamnx ey`hkaehg }gcef acka
[H0,J

2] = 0, [L2,J2] = 0
kni

[S2,J2] = 0.

bw ~kn tev nef khxv` acka
H0 } L2 } S2 } J2

kni
Jz

kh` gmlvdakn`evgdt l `kgvhkbd`�qw �n gyc`hmqkd qeehimnka`g ac` k�mlvackd knxvdkh ey `hkaeh ckg ac` oehl
Lz = −ιh̄ ∂

∂φ

z
�cef acka

Lz

mg k j`hl mamkn ey`hkaeh z � cka qeng`�v`nq`g ckg acmg okqa oeh ac` `mx`np
ukdv`g eo ac` ey`hkaeh�
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� imgakna gakh f mac hkimvg

R
`�vkd ae ac` �edkh hkimvg

R�

ckg k heakamenkd k� mg y `hp
y `nimqvdkh ae ac` dmn` eo gmxca z �c` heakamenkd y `hmei mg

P = 6
cevhg z �c` gakh ckg k

gvhokq` a`ly`hkavh` eo ���� � z �n ebg`hu`h ckg ac` fced` gakh f macmn c`h s`di eo u m`ffcmd` ebg`humnx ac` ctihex`n r1jw jα

dmn` z
kw ~kdqvdka` ac` ovdd f miac ka ckdo c`mxca eo ac` j

α

pdmn` } ∆λFWHH } acka fevdi h`gvdamo ac` gakh fkg nea heakamnx z
b w �gaml ka` ac` `�`qa eo ga`ddkh heakamen en ac` ebg`hu`i dmn` f miac zqw �o ac` ebg`hu`h n`�a ebg`hu`g ac` jα

dmn` ohel gmnxdt menm�`i c`dmvl r
4
j`

+
w } fckafevdi ac` h`dkamu` mlyehaknq` eo ac` ac`hl kd kni heakamenkd �eyyd`h `�`qag ac`n b`�iw � mdd tevh h`gvda vni`h yemna b w b ` l eims`i mo ac` knxd` θ b`af``n ac` heakamenkdk� mg kni ac` dmn` eo gmxca mg qcknx`i ohel ��

◦
ae ��

◦
�

�
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�vhmnx kn `qdmyg` ac` �edkh qehenk b`qel `g u mgmb d` iv` ae �edkh hkimkamen gqkaa`h`ien rnenph`dkamu mgamqw oh`` `d`qaheng mn ac` qehenk z �` fkna ae `gaml ka` ac` `�`qamu`n`gg

eo acmg l `qcknmgl z
kw �cef acka ac` ku`hkx` yef`h �v� qkhhm`i bt kn `d`qahel kxn`amq fku` rmn ukqvvl wf mac `d`qahmq s`di klydmavi`

E0

kni fku` u`qaeh
k
mg xmu`n bt P wave = 1

2
ε0E

2

0c k̂
z � mu`

k bhm`o mna`hyh`amen acmg h`gvda z
b w ��yh`gg ac` ku`hkx` yef`h y `h vnma gedmi knxd` i

Pscat/
i
Ω
gqkaa`h`i mnae k imh`qamen

n̂
ohel kn mnqmi`na ydkn`pyedkhm�`i ydkn` fku` f mac `d`qahmq s`di klydmavi`

E0 = E0ε̂

bt k gmnxd` oh`` `d`qahen z ��yh`gg tevh h`gvda mn a`hl g eo ac` ku`hkx` yef`h �v� P waveeo ac` mnqmi`na ydkn` fku` z
qw � vnma uedvl` ka k de qkamen mn ac` qehenk } oeh fcmqc ac` imh`qamen ae ac` ebg`hu`h
n̂
mg ehacexenkd ae

k } qenakmng N
oh`` `d`qaheng z �o f` kggvl ` acka `kqc eo ac`g` gqkaa`h

hkimkamen mni`y `ni`nadt eo `kqc eac`h } fcka mg ac` aeakd gqkaa`h`i hkimkamen ohel ac`xmu`n uedvl` `d`l `na y `h vnma gedmi knxd` mn imh`qamen
n̂
�

iw _`a vg snkddt kggvl` ac` �edkh hkimkamen ka k xmu`n oh`�v`nqt
ω
ae b ` yheykxkapmnx hkimkddt evafkhi kg k ydkn` } bva hkniel dt yedkhm�`i fku` z � cka ohkqamen eo acmghkimkamen f mdd b ` gqkaa`h`i aefkhi evh ebg`hu`h y `h vnma gedmi knxd` bt ac` N

`d`qaheng
oeh ac` x`el`aht i`gqhmb `i vni`h yemna qw� � cka mg ac` yedkhm�kamen eo ac` gqkaa`h`ihkimkamen�

�


