OPTICA ACTA, 1973, voL. 20, No. 11, 867-877

On new non-linear magneto-optical phenomena
in crystals and liquids

S. KIELICH and R. ZAWODNY

Institute of Physics, A. Mickiewicz University,
Poznan, ul. Grunwaldzka 6, Poland

(Received 25 October 1972)

Abstract. Possibilities for the observation, in crystals and liquids, of new
non-linear magneto-optical effects such as frequency mixing of laser beams and
optical harmonics generation in the presence of a d.c. magnetic field, as well as
non-linear magneto-optical birefringence and rotation at Faraday or Voigt
configurations, are discussed in a phenomenological approach. The processes
are described by axial non-linear magneto-electric susceptibility tensors
Xigrite™ and  x;;4,,%9%™, whose non-zero and independent elements are
calculated by group theoretical methods for all crystallographical classes.

1. Introduction

The introduction of laser techniques into laboratories has permitted an
extension of classical magneto-optical studies on crystals [1-4] to non-linear
optical phenomena in magnetized bodies [5~7]. In particular, equipment is
now available for the study of d.c. magnetic field-induced second-harmonic
generation of laser beams [6, 8, 9] as well as for the observation of large enhance-
ments in higher harmonics due to resonance at high magnetic fields [10, 11],
as in fact has been shown with regard to the third harmonic of CO, laser light in
semiconductors [12]. Possibilities also exist for the observation of non-linear
variations in magneto-optical rotation (Faraday effect) under the influence of
laser light [13, 14], and of other magneto-optical cross effects [15].

It is the aim of this paper to draw attention to the experimental possibilities of
detecting and studying various new non-linear magneto-optical effects to be
expected in solids and liquids when acted on, in addition to a d.c. magnetic field,
by d.c. electric fields or the oscillating electric field of laser light. The processes
under consideration are described phenomenologically by axial tensors y;;ceee™
and x;;44,°°“™ of non-linear magneto-electric susceptibilities, the non-zero and
mutually independent tensor elements of which are calculated by standard
methods of group theory [1,3, 16, 17] for all crystallographical classes. Especial
attention will be given to certain as yet unstudied optical properties of crystals,
solids and fluids under the direct and simultancous action of crossed externally
applied electric and magnetic fields.

2. Non-linear magneto-optical polarizations

A light wave propagating in the direction k with electric vector E(w,k) and
magnetic vector H(w, k) oscillating at frequency w incident on a body gives rise
in a first approximation to the linear electric dipole polarization :

PN (w; k)= x;°(w; k)Ej(w, k) + x;™(w, k)H(w, k), (1)
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where the second-rank tensor x;;¢*(w, k) describes the linear electric susceptibility,
whose dependence on the wave vector k and the frequency w are referred to as
space and frequency dispersion, respectively [2]. Likewise, x;" is the pseudo-
tensor of linear electro-magnetic susceptibility [3].

2.1. Second-order processes

When the electromagnetic wave incident on the medium is of sufficiently
high intensity, the linear relation (1) is no longer obeyed and induced polarizations
of higher orders have to be taken into account. Quite generally, if two such waves,
of frequencies w; and w, and wave vectors k; and k, interact in the medium, the
magneto-optical polarization of second-order induced at the frequency
wg=w; +w, 18:

P,-(z)(w3, ks) = Xz‘jkeem( — wg,wy,wy; — kg, ky, kz)Ej(wv kl)Hk(wzr kz), (2)

where the axial tensor of third rank y;;*™ describes the magneto-electric
susceptibility of the second order.

The polarization (2) of magneto-electric frequency mixing in a medium leads,
in the particular case when w, =w,=w and k; = k,= k, to the magneto-electric
contribution to second harmonic generation discussed by Jha [7]. In that of a
static magnetic field w, =w, k;=k, w,=k,=0, the polarization (2) yields the
following linear variation in electric permittivity :

Ae M, k) =4y, — w,0,0 ; k)H (0) (3)

measured at the frequency w as linear Faraday effect [5].
The pseudo-tensor y;;°™ generally presents non-zero elements in bodies of
all symmetries [3] (table 1).

2.2, Third-order processes

In the case of three distinct waves of frequencies w,, w,, w; interacting in a
medium, the non-linear magneto-electric polarization induced at the frequency
w, = w; + w, + wy is (we restrict ourselves to the term linear in the magnetic vector):

Pi(3)(w4» k4) = Xijklmm( Wy, 01, We, W3, k4)Ej(w1» kl)Ek(w2’ kz)H,(w3, ka)» (4)

where the axial tensor of fourth rank y;;;,°¢“" describes the non-linear magneto-
electric susceptibility of the third order. The numbers of non-zero and
independent tensor elements y;;,,°¢™ are listed in table 1.

As a particular case of magneto-electric frequency mixing (4) we have, at
w;=w,=w and wy;=ky;=0, second harmonic generation in a d.c. magnetic
field [8,9]. At w,=w, k;=k and w,=wz=k,=k;=0, the polarization (4)
leads to the following second-order variation of the electric permittivity tensor:

Ae,-j(z)(w, k)= 477Xijkleeem( - w,w,0,0,k)E(0)H,(0) (5)

due to the simultaneous action of a d.c. electric field £(0) and magnetic field H(0).
Besides the magneto-electric contribution (4)—linear in H—we also have to
deal with the following contribution, quadratic in H [6]:

P (4, Ky) = X35 ™™ ( — 4,0 1,00,w3, Ky ) Ej(wy, ke ) H  (ws, ko) Hi(ws, ks),  (6)

where the (polar) tensor y;;;,°™™ describes the non-linear susceptibility induced
by the square of the magnetic field strength.
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Table 1. The number of non-zero (N) and independent (I) elements of non-linear

hili H eemy eeem Leeom
susceptibility axial tensors Xite'r Xihl and x5

CCH eem eeem eeem eeem eeeent ceeem eeeem eeeem eeeem
Class Xijk | Xk | Xighot | Xkt | Xt | Xijkdn | Xankdn | X kin | Xobe | Xikin
N{T|NJI{N[T|N|[DL|N|DT|N|[T|N|I|N|I|[N|IL|NJI
cnH 27 127 127 |18 181 | 81 | 81 | 54 | 81 | 30 {243 243|243 |162(243 | 108|243 | 90 (243 45
1(Ci) 27 | 27 |27 | 18 0 0 0 0 0 0 {243 1243|243 162243 (108|243 90 (243 45
m(Cs) 13 | 13|13 840 | 40 | 40 | 26 | 40 | 14 {121 /121|121 | 80 |121| 52121 | 44121 | 21
2(C2) 13 | 13 ] 13 8141 | 41 | 41 | 28 | 41 | 16 | 121 121|121 | 80| 121 | 52| 121 | 44 |121| 2t
2/m(C2h) 13 | 1313 8 0 0 0 0 0 O [121 121|121 80|12t | 52|121| 44 |121] 21
222(D2) 6 6 6 3 (200210721 15]21 9 60| 60! 60| 39| 60| 24| 60| 21 60| 9
mm2(C2v) 6 6 6 3201201207131 20 7 60| 60| 60| 39| 60| 24| 60| 21 60| 9
mmm(D2h) 6 6 6 3 0 0 0 0 0 60| 60| 60| 39| 60| 24| 60| 21 60| 9
4(Ca) 13 7111 4 | 41 {21 | 39| 14| 35 8 1121 61|119| 40117 26|115| 22 | 109 11
4(S4) 13 711 4 |40 | 20| 40 | 14 | 40 8 |121| 61|119] 40{117] 26{115| 22 |109]| 11
4/m(C4h) 13 711 4 0 0 0 0 0 0 [121| 61119 40 (117 26(115) 22 | 109, 11
422(D4) 6 3 4 17211121 8|21 5 60| 30| S8| 19| 56| 11| 54) 10 | 48| 4
4mm(C4v) 6 3 4 112010 | 18 6| 14 3 60| 30| S8| 19| 56| 11| 54 10 | 48 4
42m(D2d) 6 3 4 1120101020 71 20 4 60| 30| 58] 19| 56| 11| 54| 10 | 48] 4
4/mmm(D4h) 6 3 4 1 0 0 0 0 0 0 60| 30| 58! 19| 56| 11| S4| 10| 48| 4
3(C3) 21 9119 6| 73127 |71 |18 |67 ! 10 (233 81{231| 54|229| 36(227! 30 {213 15
3(S6) 21 9 (19 6 0 0 0 Q 0 0 (233 81{231( 54|229| 36|227| 30 {213 15
32(D3) 10 4 8 2137 |14 |37 |10 | 37 6 |116] 40| 114 26(112] 16|110| 14 | 96| 6
3m(C3v) 10 4 8 2136 |13} 34 8 | 30 4 1161 40|114| 26|112] 16{110} 14 | 96 6
3m(D3d) 10 4 8 2 0 0 0 0 0 0116 40(114| 26|112| 16[110] 14 | 96 6
6(Cé6) 13 71 11 4|41 |19 | 39 12| 35 6 | 121 51119 32|117| 20115 16 | 101 7
6(C3h) 13 71 1 4 | 32 8| 32 6| 32 4 (121 S1|119) 32(117| 20|115| 16 {101 7
6/m(Cé6h) 13 7111 4 (4] 0 0 0 V] O (121 s1{119} 32|117] 20{115| 16 | 101 7
622(D6) 6 3 4 11210 107]21 721 4 60| 25, 58, 15! 56 8| 54| 7| 40| 2
6mm(Cev) 6 3 4 1|20 9 |18 5114 2 60| 25 58} 15| 56 8| 54| 7| 40| 2
6m2(D3h) 6 3 4 1] 16 4 | 16 3! 16 2 60! 28| 58| 15| 56 8| 54| 7| 40 2
6/mmm(D6h) 6 3 4 1 0 0 1] 0 V] 0| 60| 25| s8] 15| 56 8| 54| 7| 40} 2
23(D) 6 2 6 1|21 7121 5121 3 60| 20| 60| 13 60 8 60 7 60 3
m3(Th) 6 2 6 1 0 0 0 0 0 0 60| 20| 60| 13| 60 8! 60| 7 60| 3
432(0) 6 1 0 0|21 4121 3121 2 60| 10 54 6 48 3 42 3 24 1
43m(T) 6 1 0 0| 18 3|18 2118 1 60| t0| 54 6| 48 3| 42 3 24 1
m3m(Oh) 6 1 0 0 0 0 0 0 0 0 60| 10| 54 6| 48 3| 42 3 24 1
Y 6 1 0 021 3|21 2121 1 60 6| 54 3| 48 17 42 1 0] O
Yh 6 1 0 4] 0 0 0 0 0 0 60 6! 5S4 3| 48 1] 42 1 0| 0
K 6 1 0 0|21 3121 2121 1 60 6| 54 3) 48 1] 42 1 0| 0
Kh 6 1 0 [4] 0 0 0 0 0 0| 60 6] 54 3| 48 1| 42 1 0| o0

The magneto-electric polarization (6) plays an insignificant role in processes
of frequency mixing and harmonics generation but in particular causes the
following quadratic change in the tensor of electric permittivity:

Ae; P w, k) =4my;;4°™ " ( — w,0,0,0, k) H ,(0)Hy(0), (7)

measured as Cotton-Mouton effect, and magnetostriction.

2.3. Fourth-order processes

In various cases polarizations of higher orders have to be considered, in
particular the following fourth-order magneto-electric polarization induced at the
frequency wj;=w; +w,+wy+w, (for brevity, we omit the wave vectors):

P®(w5) = Xijuan**"( — 05 w1,05,0300) Bj(w01) Ep(wp) E(wg) Hy(wy),  (8)

where the axial tensor of fifth rank y;;,,°¢°™ describes a non-linear magneto-
electric susceptibility of the fourth order generally present in all bodies (table 1).

In particular, at w, = w, =w;=w and w, =0, the polarization (8) describes the
process of third harmonic generation in a d.c. magnetic field studied in semi-
conductors [10-12]. But if wy=w,=0, it describes frequency mixing or
(at w,=w,) second harmonic generation in crossed d.c. electric and magnetic
fields [18]. Particularly interesting is the case when w; =w, wy,= —wz=wy, and
w, =0, since now the polarization (8) leads to a third-order change in the electric
permittivity tensor :

A6 w) =431, ™ — wyw, w1, — w1,0)Eg(w,) B — wr,)H,(0). 9)
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On comparison with equation (3), the variation given in equation (9) is seen to
describe the influence of strong laser light of intensity Ej(w,)E(—wy,) on the
linear Faraday effect [13]. Especially, at wy,=0, (9) describes the non-linear
change in Faraday effect due to a d.c. electric field E(0).

3. Conditions for the observation of new magneto-optical effects

Whether or not the new magneto-optical phenomena defined by equations
(4)-(9) can be observed experimentally depends, on the one hand, on the
experimental facilities available and, on the other, on a judicious choice of
crystalline and liquid materials (in particular, on the type of their crystal
symmetry).

3.1. Processes involving mixing and generation of harmonics

‘Table 1 which, beside the tensor y;;,°™, gives the non-zero and independent
elements of the new axial tensors y;;;;°™ and y;;5,°°““™, enables us to specify
those symmetry classes where magneto-optical processes of laser frequency
mixing and second (or third) harmonic generation can be predicted to occur.
By analogy to equation (4), we have the non-linear magneto-optical polarization :

P, Kg) = Xy — wg,01,05,05 k3) Ey(wy, ky ) Ep(ws, ko) Hy(0),  (10)

stating that, as a result of magnetization, bodies will exhibit processes of frequency
mixing and harmonics generation in the classes 422(D,), 622(Dy), 432(0), Y andK
forbidden in the electric dipole approximation in the absence of a d.c. magnetic
field. Inthe remaining classes without a centre of symmetry naturally exhibiting
electric dipole second harmonic generation, the application of a d.c. magnetic
field H(0) will enhance the second harmonic intensity.

Higher-order optical processes, induced by a d.c. magnetic field, are described
by the following polarization at frequency w,=w; + w,+ w;:

P ws) = Xijin o — w1, 05,05,0) By (w1 Ey(ws) By(ws) H, (0) - (11)
generally presented by all crystallographical classes.

3.2. Non-linear magneto-optical birefringence and rotations

If stricter conditions of symmetricity or anti-symmetricity are imposed on the
indices ,j,k,1,n of the axial tensors x;; 1™, X;ix°°™, Xijnn ™, the number of their
non-zero and mutually independent elements undergoes a reduction, as shown by
table 1. Quite generally, each of these tensors is separable into parts symmetric
and anti-symmetric with respect to the pair of indices 7, j. The symmetric parts

(table 1):

Xapr"™" = XGok“™s Xapr®" = Xapm® ™ Xapra o = Xgomn ®*"  (12a)
contribute to the diagonal elements of the changes in electric permittivity tensor
which define magneto-optical birefringence effects, whereas the antisymmetric
parts (table 2):

Xk ™™ = — Xy ™ Xia® " = — X XS = — Xpaua 0™ (120)
contribute to the non-diagonal elements of the changes in electric permittivity
tensor defining magneto-optical rotation effects. In our analysis of the tensors
(12) by group theory methods [3,16,17] we took into consideration their
dependence on space dispersion, determined by appropriate multipole electric
and magnetic contributions [6].
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Table 2—continued

eem eeem eeeem
Xk Xyt XiiflkLn
Class
i
N|I 7 Elements N I Elements N I Elements
4(C4) 10 3 | Fi=zxx=—xzx=| 26 7 Fs =xyyx—= — yxyX=yxxy=—xyxy, 82 | 21 | Gy =xzxxx= — ZXXXX= YZYYy=—ZYYVY,
Zyy=—yzy, XZZX=— ZXZX== YZIZy=—_ZyZy, H, xzxzz=— zxxzz= yzyzz=—1zyyzz,
G, =xyz=—yxz, XZXZ= — ZXXZ= yzyI= —2yyz, XZZXZ= — zZXZXZ= yzZyz— —ZIYyIyz,
XZy=—zXy= Gy =Xyxx==—yXXX= Xyyy= —yxyy, X22ZX—= — ZXZIX= yzzzy— —zVzzy,
Zyx=—yzx, Hy= xyzz= —yxzz, Iy = xyxxz= — yxxxz= Xyyyz—= —yxyyz,
Ja = xzzy= — zX2y= zyzX=—y2IIX, XYXZX= — YXXZX= XYYZIy= —yXyIy,
XZYZ= — ZXyz= ZyXz= —yzXz, XYZXX= — YXIXX= XYZyy=—yXZ)),
XZXXY = — ZXXXY= ZYVYX= — YIVYX,
XZXYX=— ZXXYX= ZVYXy= — VZIVXY,
XZYXX= — ZXYXX= ZVXYY= — VIXVY,
ZYXXX= — YIXXX= XZVYY= —ZXYVY,
Ls= zxzzy= — xzzzy= yzzzx— —zyzzX,
ZXZYZI= — XZZYI= YZZIXZI= —ZyZXZ,
ZXYZZ—= — XZIyzZ= yIXZZ= —ZYXZZ,
xXyzzz= —yxzzz,
M; = xyxyz= — yxXxyz= yxyxz— — xyyxz,
XYXZYy= — YXXIV= YXYZX= — XYy¥IX,
XYzXY= — YXIXY= YXZYX= — XYZVX,
XZYXY= — ZXVYXY—= YZXYX= — ZYXYX,
XZXYY= — ZXXYy= YIVyXX== —ZYVXX,
XZYYX=— ZXYYX= YIXXY= — ZVXXY,
4/m(C4h) 10| 3| F, and G, 0] o 82 | 21 | G;, H,, Js, Ly and M,
422(D4) 6 2| G, 12| 3| F, 42 | 11 [ J3 and L,
4mm(C4v) 6| 2 |G, 14 | 4 G,, Hy, and J, .42 | 11 | J3 and L,
4(S4) 10! 3 F, and G, 24 6 | Fo* =xyyx=— yxyx= xyxy= — yxxy, 82 |21 | G;, Hy, J;, Ly and M,
XZZX= — ZXZX= ZzyzV= —YyzIZ}
XZXZ= — zXXz= zZyyz=—yzYyz,
Jo¥ = xzzy= — zXZY= yzzX= —ZYZX,
XZyz— — ZXyz= yIXZ= —2ZzyXZ,
Gy* =xyxx=—YXXX= YXYy= —Xyyy
2m(D2d) | 6 7 2| Gy | 121 3 | Fa* 42 1 11 | J; and L,
&:_EBAEEM 6 _ 2| G 7 ol o 42 (11| J; and L,

[continued on next page
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At analysing light (frequency w,) propagating along Z, the difference
A€, (wy)— A€y, (w,) defines optical birefringence, whereas the difference
Ae, (wy)—Ae, (w,) defines optical rotation.

In second-order approximation, we have by (7) the magneto-optical bire-
fringence as:

Aeyy (@) = Aeyy™(@x) =47 {Xaaij”™ (= ©2,02,0,0; ky)
0 — w,,0,4,0,0; ky ) JE(0)H;(0) (13)

~ Xywii
and magneto-optical rotation in the form:
Aexy(z)(wA) - Aeym(2)(wA) = SWquijeeem( —wy,wy,0,05 kA)Et(O)Hy(O) (14)

When studying observation conditions for the effects (13) and (14), the
following two limiting situations have to be considered: (i) Voigt configuration
(the analysing beam propagates perpendicularly to the d.c. magnetic field);
and (ii) Faraday configuration (the analysing beam propagates along the d.c.
magnetic field direction, i.e. along the Z-axis). In table 3 are listed the
theoretically predicted situations for observing the new second-order magneto-
optical effects (13) and (14) defining the changes in optical properties of bodies
induced by the simultaneous action of d.c. electric and magnetic fields.

Table 3. Predicted experimental situations for the observation of second-order
magneto-optical birefringence and rotation.

The Direction Magneto-optical birefringence Magneto-optical rotation
analysing of
light beam electric Relevant . Relevant .
propagates field tensor elements Crystallographical tensor elements Crystallographical
along Z at: action ceem classes admitting of cerm classes admitting of
Xkt the effect Xkl the effect
Voigt x XXXy —YYXY 1, 2, mm2, 4, %, XYxXy=—yxxy 1,2, 222 4, 4, 422,
configuration 4mm,3 3m,6 émm 42m, , 32, 6, 622
(Hy) 23, 432, B3m, Y, K
y XXYY—YYVY 2, 222 4, 4, 422, XYyy=—yxyy 1, 2, mm2, 4, 4,
42m, 5 32 6, 622 4mm, 3, 3m, 6, 6mm
23, 432, 43m, s K
z XXZy—yyzy 1,3,32,6 6m2 Xyzy= —yxzy 1, m
Faraday X XXXZ—YyXZ 1,m, 3, 3m, 6 XYXz=—yxxz 1,m
configuration —
(Hz) y XXyz—yyyz 1, m, 3, 32, 6, 6m2 Xyyz= —yxyz 1i,m
z xXxX2Z2—yyzz 1, 2, 222, 4, ©2m xyzz= —yxzz 1, 2, mm2, 4, 4mm,
43m, 23 3, 3m, 6, 6mm

By (9), we derive the following third-order magneto-optical birefringence:
Aey,P(wy) — Ay P(wy) =87 {X 421" — wp,w a0, — 01,05 Ky )
— Xyyiir™ " (— wp,w a1, — w0,k )} H(0), (15)
and magneto-optical rotation:
Ay, P(wy) — Aey,P(wy) = 167X 4351, °°™( — w 5,0 5,01, — 01,0,k ) H(0),  (16)
where the second-rank tensor
Ij=Ewy)E{—wy)/2

is that of the light intensity causing optical non-linearity in the medium.
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The theoretically predicted possibilities for the observation of non-linear
magneto-optical effects induced by intense light are listed in table 4. Obviously,
when determining observation conditions for the effects (13)—(16), necessary
conditions have to be established which are by no means sufficient in all cases
(thus, e.g., one has to take into consideration the propagation direction of the
analysing beam with respect to the optical axis of the crystal, the state of
polarization—Iline, circular or elliptical—of the analysing beam, and so forth).
Of late, Kubota [14] has observed light-intensity dependent magnetic rotation at
Faraday’s configuration in semiconducting crystals (ZnS, CdS). It is felt that
the new magneto-optical effects discussed here can also be observed in other
crystals [19], as well as in isotropic bodies, especially in regions of absorption
[13,15,20], and in ferromagnetic metals [21].

Table 4. Predicted experimental situations for the observation of third-order magneto-
optical birefringence and rotation.

The analysing | Propagation Magneto optical blrefrmgence Magneto-optical rotation
light beam direction — — - -
propagates of inducing Relevant Relevant
along Z at: laser light tensor elements Classes tensor elements Classes

ceeom admitting of ceeen admitting of
X(z])kln the effect X[,]]k:,, the effect

Voigt x XXYYY —YYyYyy 1,1, n _2/m 4. XYYyy, Xyyzy All classes

configuration XXyzy — yyyzy 4,4/m, 3, 3, 6, xyzyy, xyzzy
Hy) XXZYY — YVIVY 6/m

XX2Zy—YyzVy

y XXZZY—yyzzy All classes Xyzzy, XyIXxy 1, 1, m, 2, 2/m
XXZXY—YyzXy XyxXzy, XyxXxy 4, 4 _3 3,32, 3
XXXZY —yyxXzy 3m, 6, 6, 6/m
XXXXY —YYXXY

z XXXXY — YYXXY 1, 1, 3, 3, 32, 3m, XYXXY, XYXVY 1,1, 3,8, 32, 3m,
XXXYY —YYXVy 3m XYVXy, Xyyyy 3m
XXYXY— yYyxy
XXYVY—YYYVY

Faraday x XXYVZ— yyyyz 1,1, m, 2 2/m, 4, xXyyvz, xyyzz All classes

configuration XXyzz—Yyyyrz 4, 4/m, 3, 3, 6, (r, Xyzyz, Xyzzz

(Hz) XXZyzZ—yyzyz 6/m

XXz2Z2—Yyzzz
y . XXzzz— yyzzz 1,1, m 2, 2/m, 4, Xyzzz, XyIxz All classes
XXZXZ—YVZXZ 4,4/m, 3 3,32,3m, Xyxzz, Xyxxz
XXXZZ—YyXzz 3m, 6, 6, 6/m
XXXXZ—pyxxz
z XXXXZ— YYXXZ All classes XyxXxz, Xyxyz All classes
XXXYzZ—YYxXyz Xyyxz, xyvyz
XXYXZ—YYVXZ
XXYYzZ—YyyyI

4. Conclusions

The preceding phenomenological discussion shows that the second-order
magneto-optical birefringence (13) depends largely on spatial dispersion, whereas
magneto-optical rotation can be induced even in the classes 4mm, 3m, 6mm,
43m and Y comprising crystals without natural optical activity. Laser light
intensity-dependent magneto-optical birefringence and rotation can occur in
almost all of the crystallographical classes as well as in isotropic bodies, at both
Faraday and Voigt configurations. The complete analysis of the problem involves
the solving of Fresnel’s equation for refractive indices providing the basis of
non-linear crystallo-magneto-optics. Also, investigation can extend to processes
of frequency mixing as well as second and third harmonic generation in the
presence of a d.c. magnetic field.
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Les possibilités de détection et d’observation dans les solides et les fluides, de certains
nouveaux effets non linéaires magnéto-optiques (brassage de fréquences des faisceaux de
lasers et génération des harmoniques optiques en présence d’un champ magnétique statique,
gyration non linéaire magnéto-optique en configuration de Faraday et de Voigt) sont

prédites et discutées phénoménologiquement. Les éléments non-nuls et indépendants

des tenseurs axiaux Xii et Xii, décrivant ces processus sont calculés par les méthodes

de la théorie des groupes pour toutes les classes cristallographiques.

Es werden phinomenologisch behandelt Mdéglichkeiten fiir die Beobachtung neuer
nichtlinearer magneto-optischer Effekte in Kristallen und Fliissigkeiten, wie Frequenzmis-~
chung von Laser Biindeln und Erzeugung optischer Oberwellen in Anwesenheit eines
konstanten magnetischen Feldes, sowie nichtlineare magneto-optischer Doppelbrechung

und Drehung bei Faraday oder Voigt Konfigurationen. Die Prozesse werden durch

magneto-elektrische Suszeptibilitits-Tensoren Xpi7" und X{ip,", deren nichtverschwindende

und unabhiingige Elemente fiir alle kristallographische Klassen mittels gruppentheoretischer
Methoden berechnet werden, beschrieben.
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