Consider an Iron-56 (°°Fe) atom (Z;. = 26) in its ground state experiencing a weak external
magnetic field B in the z direction. The interaction is given by:

= ——— (L. +25.)

a. Find J, Land S of the ground state and write the atomic orbital 2**IL, of the ground state.

b. Find the z component of the magnetic moment of an Iron atom for any M, projection and calculate the Lande g-
factor of Iron

c. Aniron atomsits in a Body Centered Cubic BCC arrangement (see figure) with a lattice constant of a,. Calculatethe
magnetic field felt by the center atom only considering nearest neighborinteractionsassuming their magnetic
moments are from an M=+4 and points entirely in the positive Z direction.

d. If a magnetic field with a strength B is pointed along the Z direction. Calculate the energy splitting of all 2J+1
projection states of the center atom by the applied field and its neighbors.

CRYSTAL LATTICE
body-centered cubic Useful Equation:




a. FindJ, L and S of the ground state and write
the Atomic orbital 2*1L,of the ground state.

+2 +1 0 -1 -2

Fe(26) electronic configuration: [Ar] 4s23d° Tl ‘ ‘ ‘ 1

Hund's Rules For Atomic

Ground State:
* Max$S

* Max L

* If shell <% full: Min J J — |L 1 Sl

e [f shell > % full: Max J

Lzz'ml:z S=Zm5=2 J=L+§ == 5D4



b. Find the z component of the magnetic moment of an
Iron atom for any M, projection and calculate the Lande

g-factor
H=—m:-B
B ®IL,S M, M,)
He—g—(L.+25) o = >—(L, +25,) ~__ L
mc L, S, ], M;)

We can express the magnetic dipole momentasJ e zinstead of (J +S) ® z because of a trick using the
wigner eckhart theorem which is shown the notes and results in the value of g shown below

JI+D+S(S+D-L(L+D) _ 1 | 4@d+D+2(2+1)-2(2+1) _

g=14 2J(J+1)

Proof of this result is in lecture notes*

| 2%4x(44+1)

][N



c. Anironatomsitsin a Body Centered Cubic BCCarrangement (seefigure) with a lattice
constant of a,. Calculate the magnetic field felt by the center atom only considering nearest
neighOor interactions assuming their magnetic moments are from M=+4 and point entirely in

the positive z direction . | 37,;(7,; frﬁ)—ﬁi

If magnetic momentis entirely in +z M, =4
8 p/- —
Bioi(r = 0) = >,y B(ri,m)

For all corners (”f'?’?b)‘ is the same with a value of 1/v3
But the sign of the final contribution will be different.

(-b,b,-b) For each corner at a position (rx, ry, rz) the vector r when
L — calculatingthe magnetic field will be (-rx,-ry,-rz). The dipole
4 (-b,-b,-b) P moment as stated in the problem s in the +z direction.

(b,b,-b) If the atomis above the center (7’377_*},) is negative since the z component of r is negative
T If the atomis below the center (ffr,ﬁ) is positive since the z component of ris negative.



3 M
amie T‘g
) KL
‘Tx: ('y(3
S
a0 =g
w7
Fq}‘ = "‘A/fs
M = -—'“/6
e
3B -
- | . gAY
('3 (3)’3) = {%/( by ] Biaal 2 2. \rl Total field felt by
) . O : is Zero. With
N T T A T _ A ) = L neighborsis
rl(r\llM) i MZ l{\l/ ]} l‘\) ' ‘Lﬁm} - m> = aIIneighbors
A ~ pesse - \ecs . .
=) 2 b | 5 N magneticallyalligned
(P—B(( gﬁ) = M/BU ! l'/ | ZL ﬂ[ﬁ«"l"\‘)'y = the center atom feels
4. ’ " I . M/} k‘ /—]/ | 2. ; n n /\}.A -0 no net magnetiCﬁeld
;’5 (f}n‘) . oW (l ¢ ¥y \B Z}, A ! from them.
¢ Lﬁs'#‘) : (-1 ) / . -
a & —_
(M) ~ /



d. If a magneticfield with a strength B is pointed
along the Z direction. Calculate the energy
splitting of all 2J+1 projection states of the center
atom by the applied field and its neighbors.

AFE = —m, |B,]

eh
M, |B,]|

— —g -
2me M; = (-4,-3,-2,-1,0,1,2,3,4)



