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Fig. 1. Energy level transition in paramagnetic magneto-op-

tical materials.
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Fig. 2. Electronic motion and force analysis.
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39908.7 cm !
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Fig. 4. Energy level splitting process of Th?* ions.
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e_Em/(kBT)
ﬁm = Zg efEm/(kBT)

= foe™ B/ (o) (1 - kf;) (Yol He

X (L +28 +2vxS |¢;2) . (34)

gt (34) 2N (27) AT AL, HEIREH B IR

KT SHCR, HA PLER ISR w0 551

iRk, hFw < w, ISR 50T 1 4R 18
RTINS K.

AR SO E R Al T A K, (AR K

T, TGG SRR CHF N N E A, SERIARZAE |

XIUAIT S5F B He Al 27 A58 4 o 248 7% A 5y ) o S
THEAE IR, H AT A UL A P AEAILIE e
TR (R AR SEARE 5 RIS 4% SR I 1 S P g
FAHAELESR A 400 nm DA A9 AT 0063 B sl 21
HMEEL. BT B2 IR Y S, BT
PRNFRI S AV E T AN TS T, PR UEDFFE S SR E
e B T, ASCHE I TGG SRS Br TAEN
KILH (4001500 nm) Y25

TGG AR B T3 N = 1.274 x 102 cm 3,
REAL R x = Ng2J(J + D)p2/ Bks(T — Tp)], A
BB IR W T p = g[J(J + D)]Y2 = 9.7207 J RN

WA, T, = 0.227 K MJE BV A, BOREE T =
208 K, 41l 4% B A [F i & T Al van Vleck-
Hebb &4t & T e KA SO RT3 s () 2 2R
TRE R, Ik 3.

Sy BT IR BURE D K AR AR B, niEl 5 B
. B s VRN SRR, VR R A van
Vleck-Hebb £ 4t i FHS I TITEASRIE, Vi,
FRAR ORI, & 5 AL, TR
R RE T 2 IR A B SR A 17, T AR B (AR 7
TR IE, P RCRAR . PRI AR 7 015 3
5 R AR MR f5 , A SCOTE AT 2 4k R
TR Vi YR T 15 G0 BRI A5 AR 11 28 7R 75 4
Vi, 5SRO S A AR AT . [ B B 2 K A
gt F RS TR E W e S, X2 T
Wil 2 D 3 R, AR BRI AR R AR /0N, T R (A
FEE A ANAR ) X Al IR H Tk i) e S e — 2P
Ik, EdeE e,

LR LN, Vi SEEREEE V, HoRVIG,
VLRAAH AL GE i T B8, AR SO 2 HA — 2 0
P AR Vo 5 Vo ZIEAFEE R 22, X T AR
IR R B, 220 T S 1) = 1
TE T AR A - 22 8] 4 A AR K B 35 Y
Stark v F8 A& THOW S HO 4t /R 755 E 52 ).

£ 3 AFEHEHET MR (PR rad/(m - T) )
Table 3. Verdet constant under different theories (in rad/(m- T)).

A/nm 457.9 532 830 1064 1300
Ve -305.7 -190 61 —40.2 -20
Vi -351.9 -236.2 -83.2 -50.3 -32.9

Vit -314.6 -198.7 -68.9 —43.7 -23.1

¥: VohVan Vieck-Hebbf& 48 i FEICHITTEAE, Vi JAARSOTERTHEAE, VoS EdED 22,

—500
_ —400}
|
&
g
< —300f
<
=
N
ZE‘Q —200
S
S 100}

400 600 800 1000 1200 1400
KN/ nm

Bl 5 2R A i I I AR AT L

Fig. 5. Verdet constant varies with wavelength.

4 % b
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HL T | ASMEES 5% H -8 3h 52, AR
e SR AR B SR (A R B SR AT A A A ) 4
PSSR, i &, e e g+ s
FASCITET TGG R4 /R4, 550505
Paxf oA s fE—E R b, FIHA SOy g
% B R 0 SR ARG B Y A A 1 A R e
XA, Ay i — 25 B BRGNP AL
HHRIE T S %
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Abstract

The Verdet constant is one of the key parameters to characterize the material magneto-optical properties.
The quantum theory is usually used to study magneto-optical properties and calculate the Verdet constant of
paramagnetic material. However, the traditional quantum theory only takes into account the influence of the
electron transition dipole moments caused by the particle property of light, which therefore cannot formulate
the Verdet constant of magneto-optical material accurately.

In view of the shortcomings of the existing theory, in this paper we propose is a wave-transition model of
the Verdet constant. Due to the special wave-particle duality of light, the contribution of the non-transition
dipole moment to the Verdet constant, caused by the electric field of light wave, should not be ignored.

According to the basic theory of magneto-optical effect, in this paper we first explore the intrinsic
mechanism of the paramagnetic material’s Verdet constant at a microscopic level and analyze the deficiency of
traditional quantum theory. Furthermore, the classical electronic dynamic theory and quantum theory are used
to reveal the contribution of volatility and transition of the light to the electric dipole moment. The density
operator and statistical algorithm are introduced to derive the polarizability tensor of the paramagnetic
magneto-optical material, thus obtaining the Verdet constant expression of the paramagnetic magneto-optical
material, from which the Verdet constant is formulated. Taking the paramagnetic magneto-optical material
TGG for example, the splitting energy levels and wave function of Th?* ions in the spin-orbit coupling, crystal
field and effective field are calculated by the quantum method, and finally the Verdet constants under the
traditional quantum theory and the volatility transition contribution model are obtained quantitatively. The
comparative analysis shows that the results calculated by the wave-transition contribution model are more
consistent with the experimental data and more accurate than the results calculated through the traditional
quantum theory. The idea and method put forward in this paper will provide reference for further exploring the

magneto-optical effect mechanism of paramagnetic magneto-optical materials.
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