AD-AO41 822 CITY COLL NEW YORK F/6 20/12 -
SOLID STATE OPTICS.(U)

MAR 77 M LAX NO0O14=T76=C=0099
UNCLASSIFIED NL

“_J :«l'
&

END

DATE
FILMED

8-77




SOLID STATE OPTICS

by

-

L

AD-A 01 g2

Melvin Lax

City College of the City University v

of New York

Fanal Report

Office of Naval Research
Contract No, NOOO14-76-C-0099 v’

Pro ject No, NR 395-003/5-21-75

July 1, 1975 - December 31, 1976

Distribution of this document is unlimited,

: Reproduction in whole or in part is permitted for

any purpose of the United States government.

Mr, C, Valenti and Mr, H, Ho

were partly supported by this Research Contract,

March 10, 1977 !




e l':%‘%

; -0 e : M
! e Mits *xcites
' o8 Qaft s T3
AMOINGED ol
SOLID STATE OPTICS DSTIFICATION.... comemsaranssssssmemspisis-ven

(]
TIBITIONAUILSILITY 6RES

= m@.‘

P

This contract concerned itself with two major topics: | Qx'

o 4

: 1 Nonlinear Interaction of Light with Matter

2 Laser Operation and Design

BRIEF SUMMARY

1.1 Work on nonlinear interaction of light with anti-
ferromagnetic materials, and thermoelastic materials ¥y-H; -
Ho 1s described in more detail below,

1.2 The Dirac Theory of Poisson brackets usually used to handle
the constraint problem in electrodynamics has been applied
oy C. Valenti to handle magnetic materials whose magnetiza-
tion vector has a fixed length,

1.3 A microscopic approach toward nonlinear optics has been
started, by C, Huang. His work reported here, provides a
localized orpbital estimate for nonlinear optical constants,

2.1 The paraxial wave opt-.j.el:'1 method with intensity and slope as
the Key variables avoids the rapid phase fluctuations that
occur when field amplitudes are used as variables, A pro-
gram to use equations for these variables to describe an
unstable resonator with rectangular mirrors is being written
in collabor tion with Professor W, H. Louisell of the
University of Southern California,

2.2 The spatial distribution of the temperature rise in a solid
induced by a Gaussian laser beam of width w and power P is
expressed as a one dimensional integral, The maximum tem-
perature rise is given by the closed form expression

T -.E_-l_ N(W)

=
max 2Kw \|%
where K is the thermal conductivity, N(W) is a reduction
factor (< 1) that depends on

W= aw = (power attenuation constant) (beam width)
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= (beam width)/(attenuation length),

The closed form expression for the reduction factor is

22
N(W) = wow) - i o4 ei(d w?)
2 = 4

2\|1!

where
3.0 000 2
D(x) = exp (=x°) J exp t° dt
(0]

and

el ap g 2xp(e) qe
=00

the tabulated functionsz, Dawson’s integral and the exponen-

tial integral respectively. A plot oF N(W) is given in Fig,
1.

As an example, a 5p beam with an attenuation length 1/a ~ 1p
in GaAs has W =5, N = ,830 and a maximum temperature rise of
(124) (.83) = 103°K,

Electrodynamics in Thermoelastic Dielectrics

An ab initio long wavelength Lagrangian theory of electro-
dynamics of thermoelastic dielectrics was developed, It's pur-
poss §s6to extend the Lagrangian method developed by Lax and Nel-
son"?”? to include thermal effects. In general, this is the
treatment of the interactions of electromagnetic fields, acoustic
waves and heat conduction with dissipation in dielectrics,

Our approach is to construct a Lagrangian density which con-
sists of the field Lagrangian, the interaction Lagrangian and the
matter Lagrangian, The matter Lagrangian is equal to the kinetic
energy less the internal energy U which does not arise from clas-
sical electromagnetic forces, The internal energy is a function
Oof the finite strain tensor, body components of the excitation
fields and the entropy density S, The absolute temperature T is
defined by T = oU/05, and in general is a function of the posi-
tion vectors., The free energy density F is then defined by
F=U-Ts, 8s0oF is a function of the finite strain tensor, body
components Of the excitation fields and the absolute tamperature,
By the definition of the free energy, we have the relations:

(&8~ ) - (-, , oU . 100
b s ( il ( oy )g = ( o T
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whaere & are the components of finite strain tensor and y? are
componuéﬁts Of internal excitation fields, Therefore, the Stress
tensor ana the thermal expansion force acting on the particles
can be derived rrom the free energy F. As far as the irreversi-
ble processes are concerned, there is a friction force which can
not arise tt?mb the potential energy. A dissipation function D
can be derined’®” by the rate change of the internal entropy pro-
auction, The dissipation function D is a function of the rate
change of deformation, the rate change of body components of the
excitation fields and the temperature gradient, All equations of
motions for the fields and matter with tharmgl effects and the
constitutive eguation orf Duhamel-Neumann Law” can be derived from
the Lagrangian and the dissipation function without a phenomeno-
logical rformulation. The conservation laws of momentum, angular
momentum and enargy are automatically satisfied from the field
equations ana the invariance properties of the free energy F and
tne dissipation function D, The egquation of heat conduction cou-
pled with deformation and excitation fields is also discussed,
In further work we will specialize to linear thermolasticity and
piezoelectricity ana intend to apply these results to ferromag-
netics, antiferromagnetics and liquid crystals,

Pnoton-Magnon Ipnteraction in Anisotropic Magnetic Crystals

The coupling between photons and magnons in anisotropic fer-
romagnets ana antiferromagnets has been studied, By solving the
equations of magnetic field H from Maxwell’s egquations and of
magnetization M under the effects of constant and rf fields, we
shall be able to obtain the dispersion relation of the coupled
system in anisotropic crystals, When the proper boundary condi-
tions are applied, we can obtain the coefficients of reflectivity
and transmissivity. Both coefficients depand on the external
static magnetic field H, and the thicknass of the film, The pos-
sibple application of uging a thin-film antiferromagnetic crystal
as an optical device to obtain pure circularly polarized radia-
tion10b¥1 transmission has been discussed before by Zuniga and
Bosg 45 ¢+ The Green’s function method developed by Lax and Nel-
son™’ was applied to solve the magnetic field equation in
anisotropic crystals, The results were used to obtain the
apsorption or scattering power which can be applied to study the
Spin resonance spectra in anisotropic ferromagnets and antifer—
romagnets,

Our treatment starts from the coupled equations:

e = k(k * H) + w2/c® W (2)
k2 - wz/c2
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aM .= - = , meff
s N [H . ¢ R T . (3)

where ﬁeft is the efrective crystal field and ¥ is8 the gyromag-

netic ratio. The abbreviatad notations K = =iV and w = 13/dt are
used to get Eq., (2). The magnetization can be solved in terms of
the magnetic field, M = x_ °* H, using Eq. (3), where x_is the
magnatic susceptibility tagsgr which is a function of ft@quency,
constant magnetic field H, and anisotropy field of the crystal,
M can be substituted into EJ, (2) to obtain the dispersion rela-
tion of photon-magnon 1interaction., If we are looking for the
scattering power, £4. (2) can be rewritten as

a(RX,0) * B(F,0) = BE(T,0) (4)
a®,0) = ()2 (k21 -KE] - K (w) (5)

where K (w) is the frequency dependent magnetic permeability ten-

sor i“L(r.w) is the nonlinear Parf3°f the magnetization., Eq. (4)
has the Green’s function solution

H(T,w) = J g(x = T*) * W'¥(T*) ar’ e"i0t | (6)
where
G(R) = fexp Uk " R) _dk_ (7)
a(k,w) (2x)3

wWwhen the magnetic field in Eqg. (7) has been solved, it is easy to
calculate the elaectric field and the scattering power in terms of
the magnetic permeability tensors,

These results obtained here will be applied to the ferromag-
netic ana antiferromagnetic crystals with uniaxial and biaxial
structures, In further work, the photons, magnons and photons
interaction in anisotropic magnetic crystals will be studied, and
the interaction of magnons with electric field will also be con-
sidereaq,

Application of Dirac Copstraint Theory to Magnetism

In working out a consistent macroscopic Lagrangian theory of
linear and nonlinear electrodynamics for an anisotropic magnetic
dielectric possessing acoustic, ionic, electronic and spin exci-
tacions, it is necessary to identify the classical coordinates
corresponding to the spin degrees of freedom, This identifica-
tion is needed in order to obtain the Euler-Lagrange equation
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relating to the spin motion, and so that a complete canonical
stress tensor containing the spin contributions may be derived, :

A classical Lagrangian and Hamiltonian theory of a rigid
magnetic continuum, easily generalized to the elastic case, has
been rformulated which indicates that the choice of the magnetiza-

tion m(z,t) and its time rate of change ﬁ(z,t) as generalized
coordinates and velocities corresponding to the spin degrees of
Lreedom, is a proper one. This calculation also arouses interest
in that Darac’s generalized dynamics, hitherto used in connection
with gquantum electrodynamics and gquantum field theories, finds an ;
application in the physics of the continuum solid, ;

second Order Optical Susceptibilities of III - V Compounds

The lonyg wave length second order optical susceptibilities
Oof tetrahedrally bonded materigls can be calculated within the
context Oor the bond orbital model”, which is an empirical tight
pinding model. By the symmetry of the zinc blende structure, the
only nonvanishi?!)components of the second order optical suscep-
tipbilities is x123.

3
The electrons will gain a potential energy U = z e E1 9

per bond when an external electric field & is appiIid to the
solid, where X, is the coordinate measured from the center of the
bona and is aldng the three cubic edges. The ground state energy
EG Oof one bond can be expanded as

Eg = Eéo) + Eé1) + EéZ) + Eé3) Edni (8)

gach expanding terms can be expressed by the usual perturbation
theory as

Eé‘) = f By <GiX4iG > =e Ey ii . (9)

() L o5 ol ooy XD SRS S
e iej . b‘jﬁ E&o) 7 Eéo) ’ (10)
<GIX  ILXKLIX; = X IMXXMIX, 1G>
(3) o 3 A o 1 1 1 K
e Bt VR R T (11)
Y gk R TR (Y A gy e guly

where the summations of L and M are over all the exciting states,
Comparing the above equations with the total macroscopic elec-
trostatic energy:

" K0} L on s Lo L4Y) R T (2)
W= Nnc = N2, % pibi b X E. E 3 ﬁ xi,j,K EiEjEk"’

go3 TR LTy
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(12)

one obtains the linear susceptibility,
2

(1) o 3 12 e Wdel! 1 l—
1 S eeE 2 S ()

M G

and

1‘1‘ = —— Nje,;

\I3 T, (Eéo) - Eéo)) ({0) - £§0))

(14)

where N is the number of bonds in unit volume and £ is along the
body diagonal direction of the unit cube,

gn t?ﬁl’ls Oof the parameters defined in the bond-orbital
model~, x123 can be simply expressed as

ng_l"—iex“)d‘(a /l-.2 ¢ (15)

where E, is the principal optical absorption peak, d is the bond
length, “a_ is the polarity of the bond and ¥ is a fitting parame-
ter for e8ch row of the Periodic table.

In table I, the values of x (2) for all the III - V compounds
evaluated here are listed in colllmn I, For comparison the values
obtained from the dielectric model of J, C, Phillips and J. A.
van Vechten are listed in column II, the values of D, A, Kleinman
using the same model are listed in column III, In column IV and
V are the values obtained by the bond charge model of B, F.
Levine ana the experimental results, Due t?zs.he uncertainties in
the measurement of the absolute values of Xq experimentally the
relative values or the trends may be more l?mportant in these
Kinds oOf simple calculations. The correct trends are obtained
here Ccamparing with the experiment as well as the previous
authors., However, 4in the method described here, there are no
adaitional parameters other than those determined in the bond
orb tal model.

March 10, 1977

s e o ATV o e N A A b A




BN :
Bp 0
BAS 0
Al P 363
Al As 423
Al Sb 833
Ga P 524
Ga As 716
Ga Sb 1160
In P 768
In As 1080
In Sb 1800
14" H
(1969),

K H

L -

Exp

Table I,

1420
1110

850
1220
2350

1060
1570
2820

(In units of 10°° e.s.u)

III (K) Iv (L)

750
1080
1930

1710
2860

V _(Exp)
260 198
460 430
1040 1300
820 860
1780 1740

Je. C, Phillips & J. A, Van Vechten, Phys Rev., 183, 709

D. A, Kleinman, Phys. Rev, B 2, 3139 (1970),

B, F. Leviné, Phys., Rev, B 7, 2600 (1973),

See also references In L,
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Fig.

1
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FIGURE CAPTION

The normalized temperature rise N(0,0,W) at the
surface (z = 0) and bea;E cgsxtar (r = 0) for a laser
beam Of shape exp(-r¢/w which attenuates as
exp(-az) plotted versus W = aw, The normalization
is such that N( oo ) =1, that is, N(W) is the
ratio in temperature rise when the heat is depo-
sited in the finite attenuation length 1/a to the
rise that would be produced if the same heat were
absorbed in an infinitesimal layer at the surface,
The upper (solid) curve corresponds to the horizon-
tal scale shown, The lower (dashed) curve is the
upper curve replotted with the honzontal scale
expanded by a factor of 5 to facilitate reading
points in the small W region,
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