
③ Hund 's rules state that to determine the

Ca) (S , L, T ) ground state
'

of an atom
,
we

① First
,
maximize S

.

② Then
,
maximize L .

③Finally, for more than half-filled
shells

,
maximize T; otherwise

minimize 5
.

When applying Hund 's rules
,
we need to

take care to only consider validates .
Applying Hund 's rules to Li

,
B , N, Na, and K,

we get
Element S L J term symbol
#

Li (2- =3) 42 0 112
'

Sin

n' ai:
'

ii. : ::/ :*:
Na (2--11) 112 o 1/2 2542
K tf -- 19) 1/2 0 42 Zsyz

Nitrogen is a little tricky .

It has three valence electrons in the 2¥ .

They have quantum numbers Lyme, ,ms , , lzsmeymsylqmez.mg
,

with l, =lz=lz= I
.



c?.To maximize S to 312
,
we need that

Ms
,
= msz = msz = I 42 ,

in other words that all three electrons ' spins
are aligned .
So
,
in the Il

, me.ms, ; lzmezmsz ; lzmezmsz)
basis

,
we know that the ground state

must satisfy
II men 42 ; Inez 'll; l me, 427.

Since these are electrons
, they are fermions

and cannot occupy the same state .

Therefore
, me, > me , , me,

must all be different .
Since mei EE-1,0, I} for lit , the only
possible slate satisfying 5=312 and l

, -12=4--1

is the me,
I - I

, me,
= 0

, me3=+1 state :

11 - I 42 ; I 0 112; l l 427.

This state has ME 0 , which implies that 1=0
.

This means that the only possible T is 5=312
.



'YThe lowest frequency line in the absorption
Spektrum of Na corresponds to an electron

in the 3s level absorbing a photon and

being excited to a Sp state . There are two

such States
, split by the spin - orbit effect.

The splitting is given by
Eso I - pts . B

where pts = -gspups 5th is the magnetic
moment of the electron and B is an effective magnetic

field.
Semiclassically, we can think of the B

field as arising from a charged nucleus
rotating around the electron :

B L QE x E . (related to Biot-Savant law)

The E field is that of a point charge

E- a Fri .
So

> ⇐ ri)
B a Eejavxr =9÷(mini)C

C
>

timers (mini ) --EEL .

(E-mini)



3 This then tells us that the

(bean) spin-orbit splitting can also be

written as

Eso = -Fis . B

=
- fgsn II. LEFT
= -

9sMBqe
⇒ I. is

a I. 5. Irs
for the particular slates considered

, Lands

are fixed and non
- zero, so the splitting is

proportional to (⇒ .

n= - 3
.

(c) For potassium Ect -- 19 )
,
there is one 4S

valence election in the ground state
. The

term symbol corresponding to this

( L-0,5--42,5=42) state is
'

Syz .

The lowest single valencee.dk?7qmn...qm.tfaIefund9snera6sf.ArT4s2Syz(S, L , 5) = ( 42,942)

(Ar]4p
'Pilz (42,1 , Yz)
"

Paz ( 4221,312)

I
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3④ The energy levels look like

(can) (Yp) 7312
-

(MT-- -312,
- ku
,
'T,%)

Zpyz- (MT -u -42,112)

(Ks) 2542- CME-42,42)

The energy of the electron 's magnets dipole in
a magnet field BIBI is

it ' = - pig :B = Img E. B -- Emg F- B -got,
where pig = - Eng F is the magnetic
dipole of the election in an CSL

,
s)

atomic state (g is the Landi -g factor, which

depends on 5,45) .

So
, larger g and My correspond to larger

changes on energies due to magnetic fields .
The perturbed energy levels look like :

(Yp) 731215-413) ⇐ no! Ee
"Pin (g-- 43) =-in (exaggerated+112

(Ys) 254215-2) / slopes)

EnergyT\ - in
→ B --magnetic field



3
(d) All of the allowed El (dipole) transitions

to the 25in states are
Mr
# 312

2 -
'12

Psh I

2pmI-432

as
.¥¥i¥÷÷÷⇒

which were determined by following the
selection rates .


